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Summary

Background

Perinatal depression(PND) is a severe mental disorder with disruptive consequences on the
health and wellbeing of mothers, children, and their families. Due to the induced
socioeconomic burden, it also represents a major public health problem for society as a whole,
and is therefae considered a priority target of health prevention strategies at a global level.
There is, in fact, general consensus among experts tHtDis still prevalent, underrecognized

and undertreated.

While research on the pathophysiological mechanisms &fNDis contributing to an increased

knowledge of the multifactorial causes of this condition, and is likely to provide new
biomarkers for medical use in the near future, none of these is currently available for the
everyday clinical practice. Conversely, theres an urgent need of easy and universal screening

instruments, as well as safe and affordable treatments that all women can have access to.

Sleep and circadian rhythm disruption are commonly experienced by women during the
perinatal period, but there is imited evidence on the objective changes in sleep parameters
occurring during pregnancy and how these relate to health outcome#loreover, the role of
sleep and circadian factors in the etiology dPNDand as potential targes for treatment is still
underestimated and underinvestigated. As an example, the influence of different circadian
preferences for sleepwake times (chronotypes) on the development of depressive symptoms
across the perinatal period has never been investigated. Likewise, the efficacy asafety of
bright light therapy (BLT) for the treatment of PNDwith onset before and/or after delivery

have never been tested.

Objectives

Manuscript 1: to perform the first systematic review and metaanalysis of polysomnographic
studies during pregnancyjn order to identify possible objective markers of sleep disruption in

pregnant women.
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Manuscript 2: to investigate whether chronotype is a risk factor foPND and to explore the
association between chronotype, maternal sociodemographic characteristicand lifestyle

habits, in relation toPND.

Manuscript 3: to conduct the first randomized controlled trial (RCT) aimed at testing the

efficacy and safety oBLT for PNDoccurring over a 12month observation period.

Methods

Manuscript 1: by carefully following the PRISMA guidelines, we conducted the first systematic
review of polysomnographic studies during pregnancy available in the literature. In addition,
we performed a metaanalysis of the data collected on two sleep variable3§Tand SB. This
was instead not possible for other sleep parameters, due to the large heterogeneity of the
reviewed studies.

Manuscript2 AO A DAGO a6 Ab GO EEAA AGD hE rd@bedtiv®,i c@nBristidy 6rA Oh B
sleep and mood changes during the perinatal period, 299 women were followagb from the
first trimester of pregnancy until 6 months postpartum. Chronotype was assessed at baseline
using the MEQ, while mood was repeatedlgvaluated at several timepoints with depression
rating scales(i.e., EPDS, HDRS, dnMADRS. The influence of time and chronotypeon the
different scaleswas estimated by constructing multilevel linear mixed regression models. A Cox
proportional -hazard regression model was built to evaluate the association between

chronotype and incidence of depression.

Manuscript 3, ET OEA /EOAI A b REE WS tondbcEd in a subsample of
women with an EPDS score >12 at any time point from the second trimester of pregnancy up

Ol @ 1 TTOEO Pl OOPAOOOIi 8 0AOOEAEDAT ADIUPBBAE OA A
weeks, 30 minutes in the morning, wihin 20 minutes after wakeup, and at a distance of 30 cm

from the light box. Multilevel linear models were constructedto test for the influence of time

and treatment group on EPDS values and ldmear models to test for socioeconomic factors

influencing PND remission.
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Results

According to our systematic review, the main changes in objective sleep parameters during
pregnancy consists in a reduction of sleep duration and a fragmentation of sleep continuity,
with an increased number of awakenings and swugficial sleep stages (N1, N2), and a
simultaneous decrease of SWS, REM sleep, and SE. The +aweddysis revealed a significant
reduction of TST by 26.8 minbetween the first and third trimester of pregnancy, as well as a

decreaseof SE by 4% within the same timdérame.

Pregnant evening chronotypes, as compared to the other chronotypese more vulnerable to
PND symptons, especially in the immediate postpartum period. Although the survival analysis
did not show a statistically significant influence of chronotype on the overall risk of PND, a trend
towards an increased risk for PND in evening chronotypes and a reduced riskintermediate
types, as compared to morning types, was observed. Furthermore, in line with the literature,
pregnant women with evening chronotype in the LifeON study were more likely subject to
health problems and negative pregnancy outcomes than the other chronotypes, and presented
adverse sociodemographic characteristics and lifestyle attitudes, that are commily associated
with a higher risk for PND.

Finally, ina RCT testing& AAE [T OTETC ",4 jpndnnmn | 08q 0OO8
the active light intervention (BLT) showed a remarkable efficacy in inducing rapid remission

from PND compared tdRL The multilevel linear model revealed a significant influence of time

on EPDS score andgroup-time interaction, with a greater and sustained reduction in the BLT

group across the whole followup period.

Conclusion

We found evidence that the subjective experience of sleep deterioration, that many women
report during pregnancy, is related to objective alterations in sleep architecture, particularly
during late gestation. These can only be appropriately recorded by PS$SGvhich should be
therefore considered a valuable and sometimes necessary instrumetd correctly diagnose
sleep disorders also during pregnancy, byovercoming under- or overestimation bias due to
subjectivereports of sleep problemsinterestingly, despite several physiological factorsnay be
involved in the subjective worsening of sleep quality across gestation, is not pregnancy per se,
that causes major PS@ssessed sleep disorders in healthy, normaveight women. Rather, it is

likely the combination of predisposing factors, such as obesity, higher maternal age or
IV| Page



hypertension, and physiological changes occurring during pregnancy, that may contribute in

particular to the development of obstructive sleep apnea (OSA) in-aisk pregnant women.

Evening chronotype is associated with a timedependent, greater severity ofPND. Thus,
assessing chronotype during pregnancy viathe administration of an easy screening
guestionnaire, may help identify women who ae likely to experience more severeperinatal
depressive symptoms, especially in the early postpartumand provide them with

psychiatric/psychological support and treatment.

BLT cannot only induce a rapid andsignificant remission from PND compared to DRL, bihe
resulting improvement in mood canbe maintained over timeafter treatment completion. These
new findings support the integration of BLT as effective and safehronotherapeutic tool, based
on solid scentific evidence to the equipment available to clinicians for the treatment of PND,

thus responding to the need for affordable, easipo-use, and accessible therapies for patients.
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INTRODUCTION

1. Perinatal Depression

Definition andepidemiology

Maternal mental health representsa priorit y objective for the main international public health

agencies. As suchit has been consistently includedince 2000 in the United Nationdillennium
Development Goad for the year 2015(Goal 5 - Improving Maternal Health)! and the following
Sustainable Development Goal€¥al 3- Good Health and Welbeing)? that are intended to be

achieved by the year 2030.

In this regard and according to theestablishedconceptOEAO OEAOA EO O1 1 EAA]
E A A B, tBeB\orld Health OrganizationstatesOEAO OOE A méntathéalthforbithend A 1

and maternal health are a major cause for concefmas they directly or indirectly increase

maternal morbidity and mortality 6andO E A O A £l O Atterfiigh itoiméntaBleadh péoBlems

of pregnant women and mothers andntegration of mental health care in the existing maternal

health programs and activitiesd.

The large majority of research studies on maternal mental health examine norpsychotic
common perinatal mental disorders (CPMDs), andnost of them focus specifically on
depression during the perinatal period>. This important phase in a woman's life, which
represents the transition to motherhood, is in fact a particularly vulnerable timefor the
developmentof mental health disorders, including perinatal depressiofPND).

The Diagnostic and Statistical Manual of Mental DisordefSth edition (DSM5) defines PNDas
the occurrence of a major depressive episode during pregnanay within 4 weeks after
delivery”. ThisT Ax ODPAOEDPAOOOI 6 O BhhskdmiEifel e traditinallk ds@OA O O E
terms of antenatal depression (AND)and postpartum depression (PPD) and replaces the
previous DSM) 6 OBl OOPAOOOI 8 AltHo@h Be reqlidreAt EhaEddpeession
beginswithin 4 weeks after delivery remains the sameas in the DSMV, most expertsconsider
any depressive episod@ccurring in the first year postpartum as PNDregardlessof the time of
onset. In fact, while biological factors mainly affect mood right after delivery, numerous
psychosocial stressrs with a significant impact on womenalso emergein the first 12 months
postpartum and can contribute to the onset or recurrence of depressn®.
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Prevalence estimatesfrom high-income countries (HICs) revealed that one in every 7-10
women experience depression during pregnancynd 1in every 58 after deliveryl0. However,
PND is even mor&eommon in low- and middle-income countries (LMICs)According to arecent
systematic reviewand metaregressiont!, the pooled prevalence of depressionis significantly
higher in LMICs as compared to HKGin both the antepartum (19.2%, 95% CI118.0z20.5 vs.
9.2%, 95% CI8.4710.0, respectively) and the postpartum (18.7%, 95% CI17.8719.7 vs. 9.0,
95% C18.9710.1, respectively) period The same authors calculated an overall adjusted pooled
prevalence of PND of 11.9% (95% CI 11.412.5), with a significantly higher prevalence in
women from LMICs(13.1%, 95% CI 12.214.1) than in women from HIG (11.4%, 95% CI 10.8
12.1)11,

In general, pevalencerates vary widely and are likely underestimated. In the United States
(US), for example, it has beenestimated that 50%z70% of women with AND or PPDremain
undiagnosed, and nearly 85% untreatet?. Underreporting and undertreatmentmay be due to

several factors, including:

- aninadequate screening and referral systei¥

- a challenging clinical assessmentiue to theoverlap between somatic symptoms that are
commonly considerednormal during the peripartum period, such as fatigue or changes in

appetite, and depressie symptomg4.15

- a broad range ofpatient-, provider-, and systemrelated barriers that prevent to properly
identify and treat women suffering from PND, such astigma towards mental illness fear
of psychiatric medications, limited access to mental health carénsufficient resources and
mental health training among perinatal care providers, angoor coordination between

them and mental health professional’

For these reasonsthe American College of Obstetricians and Gynecologists recommeral
routine depression screening of women in the perinatal period, as well ggompt psychiatric

care and referral for behavioral therapy when indicated, accompanied by madequate follow -

upl7,18_

Fewscreening instrumentshave beernvalidated and are availablefor detecting PNDB7. Although
no consensus has been achievenh a standard screening tool for PNDhe Edinburgh Postnatal
Depression Scale (EPDSs the most frequently used in clinical and research setting%°. The
main advantages of adopting the EPDS arelated to its brevity (only 10 items), and, unlike

other tools, to the detection of symptoms of the anxiety spectrum, which are typical of perinatal
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affective disorders, while less specificsomatic symptomsthat commonly occur during the

peripartum period are excluded”’.

Finally, there is recent evidence that maternal mental health hasonsiderably deteriorated
worldwide, particularly in poor countries, as a result of thepandemic caused by the novel
coronavirus (SARSC0\£2)20.21, Data from China show increased rates afepressive symptoms
in perinatal women22.23, Similar, elevated rates of depressie (34.1%) and anxiety (34.6%)
symptoms have beenfound in a USsample of motherswith children aged 0718 months?4,
Therefore, PND prevalence rateshould likely be reassessedn light of the immediate and long

term effects of thecurrent pandemicsituation.

Clinical presentation

Perinatal depression must be distinguished fromthe so calledO OB 1 O O Bueod Baby
A1 O A éhoduialname for atemporary psychological stateexperienced by up to 80% of new
mothers after giving birth, which is characterized byfluctuating mood, tearfulness,fatigue,and
labile emotions, such agrritability or anxiety25. Baby blue®are thought to be mainly due to
regulatory hormonal changesthat occur as early as the first few days after deliverand are

short-lived, generally resoling within the first 10714 postpartum days.

Patients with perinatal depression may present with some or many of the following symptoms
Sadness

Depressed mood and energy

Weepiness

Impaired appetite or overeating

Either excessive sleep or insomnia

Feelings of unworthiness

Anxiety

Panicattacks

Worrying constantly about the wellbeing of the baby, engaging in obsessive or ritualistic activities
Being afraid to leave the house

Feeling numb, wooden, and void of feelings

Indifferent mood, with neither joy nor sadness

No attachment or interest in the baby

Inertia

Hopelessness or thoughts of harming self or baby

Somatic complaints

Presentation of vague and continuous body symptoms that persist for weeks, including headaches, body pa
feeling of racing heart, constanfatigue

Active anger and resentment of the baby

Constant irritability and negative mood

Table 1: Common symptoms of perinatal depression. From: Van Niel MS &a/ne JL (2020%
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By contrast,PNDlasts longer that 2 weeks, has a more severe impactavomel 6 © NOAI EOQOU
and presents with the same main symptomsf major depression,including depressed mood,

lack of energy and/or interest in daily activities, sleep problems or appetite/weight changes,

poor concentration, feelings of worthlessness, guilt and/or hopelessnessand suicidal
thoughts?0, These areoften accompanied by a range of additional symptomsarticularly
focused on the experience of motherhood awn the baby, thatcanaid in the diagnosis.

Table 1 liststhe mostcommon symptomsof PND

Etiology andrisk factors

According tothe current pathophysiological models, several factors are involved in the etiology
of PND This is likely based on a complex interaction betweergenetic, neuroendocrine,
psychological, environmental variables and sooeconomic context which would explain, for
example, why PND affects women of all races, cultural backgrounds, and economic statéfs&s
In fact, while some of them are likely to be more sensitive to fluctuations in reproductive
hormone levels during the perinatal period, others may have a prior underlying mood disorder

that is notrecognized®. The main risk factors for PND are listed in Table 2.

History of psychiatric | § Family history of depressive disorders or perinatal disorders

disorders 1 Personal history of depressive, bipolar, anxiety or substance abuse disorder
Personality traits 1 Neurotic personality, low selfesteem

Pregnancyrelated 1 Unwanted or teenage pregnancy

factors 1 Multiple birth

1 Difficult or traumatic pregnancy or birth, obstetrical stressors
Baby-related factors 1 Ongoing health problems with the baby

9 Infant with difficult temperament

Socbeconomicstatus | T Lack of social support

1 Single marital status

9 Poor relationship quality

1 Financial difficulties, lower income

1 Lower education

Traumatic 1 History of physical or sexual abuse

experiences 9 Adverse childhood experiences

1 Intimate partner violence/domestic abuse

1 Stressful life events

Ethnicity 1 American Indian/Alaska and Hawaii Native heritage 30% higher PNDincidence
Health factors 1 Smoking

9 Lower frequency of exercise

1 Obesty and overweight.18

Hormonal factors 9 Sudden drop in estradiol levels in the first few postpartum days
Genetic factors 9 Genetic variations (chromosome 1g21.%q32.1)

Table 2: Risk factors foperinatal depression. From: Dagher RK et al. (202%)
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Finally, arecent meta-analysisand metaregression of 291studies from 56 countriesshowed
that 73% of the variationin the global prevalence of postpartum depressioacross countriesis
attributable to higher rates of income inequality, maternaland infant mortality, or longer

working schedules @0 hours a weel in women?29,

Health consequencefr mothersand children

There is broad scientific evidence that untreatedPNDis associated with severe consequences

for mothers, their children, and familiesto.

AND has been linked toa higher incidence ofgestational complications, such aspreeclampsia,
placental abnormalities, delayed fetal development, pretermdelivery, and spontaneous
abortion30.31, Moreover, the effects on the baby at birth go from lowveight and lower Apgar

score,to behavior disturbances and infant sleep problemso.

PPD also hassignificant negative repercussions for both the mothes and their newborns
leading, for example, to failure or shortened duration of breastfeedingand to a lack of interest
in the child, which result in poor maternal bondingand interaction with the infant10.20, This has
been associated with impaired cognitive, behavioral, and emotional developmeé#t delayed
social and communication skills, lower levels of attentivenesas well asphysiological changes
characterized by elevated cortisol levels and decreased lel¢ of dopamine and serotonifs in

children born to mothers with untreated postpartum mood disorders4z37.

Ultimately, PND also affectsnaternal quality of life, intimate relationships3® AT A OEA /EAOE

mental health39.

The most dramatic consequences of a severe and untreated PMEe represented bythe
ideation of selfharm or of harming the infant,and at its worst, by suicide of the mother or
infanticide. Suicides of women in the first year postpartum are the secondleading cause of
deathin this period4941, accounting for20% of deceasesand for up to 20% ofoverall maternal
mortality 27. Thoughts of harming the babyhave been reported by41% of depressed mothers

vs. 7% of controls*2.
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Treatment challenges

Treatment of PND is challenging for both patients and clinicians. The widespread social
convention that motherhood should bea time of happiness still greatly influences< | I AT 8 O
expectations towards this experience. As a consequencethose who develop depressive
symptoms during the perinatal period may refuse to recognize them, feel guilty or fearful for

not being able to enjoytheir pregnancy, not seek help andhus remain untreated.

Psychotherapy and/or antidepressant drugs are the most commonly used approaches in the
treatment of PND.

Among psychological therapies, thdargest evidence from research studies is availabléor
interpersonal psychotherapy (IPT) and cognitive behavioral therapy (CBF. Recentmeta-
analyses showed thatboth IPT and CBTare effective in reducing PND symptomss compared
to control conditions in both prevention and treatment studieg344. However, due to logistical
issues, such as childcare arrangements and expenses, the limited &adality of trained
professionals and the need for an individual predisposition to talking therapy, women with PND

may be less open to psychotherapy than patients suffering from other forms of depression.

As regards pharmacological interventions for PNDa recent Cochrane review concluded that
while there is some evidence that antidepressants may be more effective than placebo in
reducing the severity of postpartum depression, studies comparing antidepressants to other
treatments for PND are insufficient to draw conclusion®. The major concerns about the use of
antidepressants in women during pregnancy andreastfeeding are related to the risks of
teratogenicity, pregnancy complications, poor neonatal adaptation, or neurodevelopmental

disorders. However, the literature on this subject is not consistent.

On the one sidea 2018 review on the pharmacotherapy of PND argued thaelective serotonin
reuptake inhibitors (SSRIs) serotonin-norepinephrine reuptake inhibitors, tricyclic
antidepressants, and bupropionhave an acceptable safety profile, although doublelind
placebo-controlled studies are lackingé. Another extensive systematic review and meta
analysis also suggestd a generally smaliteratogenic effect of SSR#s and data froma multisite
casecontrol study in the US showed that maternal psychiatric disordersbut not SSRIs
treatment during preconception and pregnancyper se, predispose to arincreased risk of

neurodevelopmental disorders in offspring®.
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On the otherhand, however, antidepressant use during pregnancy has beeassociated with
several negativehealth consequences for the newborns including pulmonary hypertension,
cardiac malformations, and neonatal withdrawal and toxicity*9z51, as well as to alterations in

fetal brain development, particularly in regionscritical for emotional processing2.

A further issueis represented by the passage of the active ingredients of the drugs into the
mother's milk and therefore to the infant during breastfeeding.Also in this regard, while a
meta-analysis of 67 studies found that out of 15 different antidepressas, all could be traced
in breast milk at varying levels3, other studies showed that the drugs metabolites are not
alwaysdetectableET OEA AEEI| Athed arphe®etiinbreadt éifkiz54. For example,
serum sertraline levels werefound to below to negligible in children of breastfeeding mothers
taking therapeutic doses ofthis commonly prescribed SSR¥$-56. However, the effects ofa

chronic exposure toeven low levelsof antidepressantson newborns are still unknown.

Finally, despite the risks of a pharmacological approach in women with PND, most experts
agree that treatment decisions should weigh both the potentialonsequences of drug exposure
to the fetus or newborn as well as those of a severe, untreated psychiatric illness of the mother

on the health of the child and the whole family.

Role of sleep and circadian rhythm disruption in the perinatal period

Pregnancy is associated with a wide range of dynamic physiological changes, not only affecting
hormonal balances but also metabolic function and anatomical structure€&¢0, Alarge variety

of those changes can potentially affedlifferent aspects of sleep, including its duration and
continuity, as well as nocturnal breathing and moving pattern.For example, nocturnal
micturition due to increased nightly sodium excretiorfl, uterus contractions caused by a
nocturnal peak in oxytocin level§2, and stress on the musculoskeletal system related to the
increasing size of the uteru®’.63, can all poterially lead to sleep disruption. Steroidal sex
hormones (estrogen and progesterone), which are exponentially excreted during pregnancy,
are known to profoundly influence sleep physiology, architectureand both the circadian and
homeostatic components of kep regulatiorf4. Pregnancy is also associated with changes in
iron and folate metabolism, which has been proposed as a mechanism behind the increased
prevalence of restless legs syndroméRLS) among pregnant womei§567. Moreover, as the

peripartum period can be perceived asa very stressful time for women and linked to
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heightened levels of mental rumination and cortical arousal, this could further perpetuate or

worsen insomnia symptoms, like difficulties falling or staying aslee§®.

Sleep problems are very prevalenturing pregnancy, with up to 78% of women describing
disturbed sleep, especiallyin the third trimester 69271, However, poor sleep quality, disrupted
sleep and insomnia, occur dung all stages of pregnancy, and may persist or even worsen in
the postpartum period70.7273  An increasing number of studies point to an association of
disturbed sleep during pregnancy with adverse pregnancy outcomes and common pregnancy
related complications, such as gestatiaal diabetes4, emergency cesarean sectidh, premature

birth and low birth weight76.

A recent metaanalysis by Emamian et al. found poor sleep quality during the perinatal period
to be a prospective risk factor folPND, with amoderate and significant link between insomnia
and depressive symptom&’. However, the authors reported a high heterogeneity of the
included studies, possibly reducing the reliability of their esults. Another longitudinal study
evaluating 530 women in the first trimester of pregnancy andt 8 weeks postpartum, found an
association betweenthe occurrence of insomnia during pregnancy and postpartum symptoms
of anxiety andobsessivecompulsive disorder (OCD#%.

Goyd et al. followed 124 women longitudinally from the last month of pregnancy until 3 months
postpartum and observed dink between selfreported sleep disturbances and depressed mood
at both timepoints. In particular, women with higher depressive symptom severity also showed
a higher frequency of sleep disruption, sleep onset and sleep maintenance insomnia, and
daytime deepiness®. Another study from Lee at al. analyzing objective sleep measures in
women with positive affect compared to those with negative affect at 1 month postpartum,
found an 80 min reduction intotal sleep time (TST) among women in the negative affec
group8%. Moreover, Wolfson et al. studied the relationship between sleep pattern and self
reported depressive symptoms in 38 pregnant women and showed that women developing
depressive symptoms at2-4 weeks postpartum, as compared to those who reported fewer
depressive symptoms at the same timepoint, had significantly different sleep schedules in late
pregnancy, with later rise times, longer naps, and more TST Sleep duration also decreased
from the end of pregnancy to the early postpartum weeks in depressed mothers, while non
depressed mothers showed an increase in TST during the same period. The authors concluded
that a possible explanation of théonger sleep duration found in depressed mothers during the

prenatal period might be due to the inclusion of already depressed women at baseline or,
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alternatively, that women with greater sleep needs may be more vulnerable to PPD if their

needs in late pegnancy are not metl.

Time awake after sleep onsetas a measureof sleep disruption in pregnant women and its
relationship to mood disturbances were also investigated. An association between increased
time awake during the night, together with poor subjective sleep quality in the immediate
postpartum period, and lower mood was described2. Comparing new primiparous mothers
with non-postpartum women, Swan at al. found a significant increase in depressed mood in
the first 3 postpartum weeks in new mothers. Interestingly, this effect disappeared after
AAEOOOETI ¢ &A1 O OEA OOAI T 01O T &£ OGEI A OP 10 OEI A
shorter sleep duration was primarily associated with the observed degssed mood2.
Regarding the underlying pathophysiological mechanisms linking sleep disturbances and
increased risk of PPDQ a dysregulation in the neurochemical transmission and modulation of
the hypothalamiczpituitary zadrenal (HPA) axis, caused by inflammation andinvolved pro-
inflammatory cytokines, has been discussed as a possikdgiological factor83zss,

In cancer matients, increased depressive symptoms were observed together with higher levels
of pro-inflammatory cytokine concentrations after administration of cytokine therapy, such as
interleukin 2 (IL-2)86. The possible connection between development of depressive symptoms
and administration of immunotherapy might be a facilitation ofcentral nervous systemand
immune system interactions, with the key mediators being i1, IL-6 andtumor necrosis factor
(TNF), which are responsible for reactions such as fever and alteration of slegmatternss’. In
particular IL-1 and TNF are implicated in the regulation ohon-rapid eye movement(NREM
sleep and the injection of these cytokines leads to increased NREM sleep, whiléltauses
increased daytime sleepines¥:88. A number of studies have examined blood levels of pro
inflammatory cytokines in women suffering from major depressive disorderor postpartum
depression. Sluzewska et al. measured plasma concentrations ofdLsoluble 1L-6 receptor
(sIL-6R), soluble interleukin-2 receptor (sIL-2R), transferrin receptor (TfR), Creactive protein
(CRP), and alpha-acid glycoprotein (AGP) in 49 pdaents with major depression and compared
them with levels in 15 normal controlindividuals, reporting significantly higher serum levels
of the aforementioned cytokines in patients with major depressiof?. In a study by Corwin et
al., higher serum levels ointerleukin 1 beta (IL-1b) were associated with increased fatigue in
the immediate postpartum period, which led the authors to speculate an indirect link to

depression through fatigue®©. Furthermore, higher serum levels of It6 and IL-1 receptor
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antagonist were documented in women with postpartum depression compared to non

depressed control$?,

It is noteworthy that the same mechanisms discussed above, entailing sleep disrigot as a
stress factor activating the HPAaxis, are also hypothesized to be involved in the association
between sleep deprivation and development of gestational diabet&s and gestational
hypertension®3, as well as in the pathogenesis of adverse pregnancy outcomes such as preterm

birth 93.94" and intrauterine fetal growth93.

In conclusion, while prior literature suggests a possible association beten sleep and
depressive symptoms during pregnancy, drawing definitive conclusions based on those
findings remain difficult for various reasons, such as heterogenous assessment of sleep quality
and quantity and controlling for possible confounding factors including preexistent mood
disorders. Since longitudinal studies assessing the connection between sleep and mood are still
lacking, the question of a possible causeffect relationship remains unanswered. Further
research using objective sleep assessmentethods and controlling for AND or preexisting
mood disorders, are warranted, as they may clarify the role of sleep restriction/poor sleep
quality during pregnancy as a risk factor foPPD However, based on the currentevidence a
thorough assessment andmanagement of sleep disturbances duringhe perinatal period

should berecommended andmplemented in the clinical practice.

Circadian rhythm disruption has been associated with mood disturbances in the general
population9.96, To explore whether this associationalso applies to perinatal mood disorders,
researchersstarted describing circadian rhythms in normal pregnancy, by assessimg subjective
and objective circadian parameters in healthy pregnant women without gestational

complications or comorbid mood disorders.

Actigraphy provides a range of rest-activity variables,that can be essentially divided into two
different categories: those based on cosinor analysis, using a cosine curve to fit linear
regression for a period of 24 hours, and those derived from nonparametric analysis, which
yields dataabout stability and variability of the rest-activity rhythm acrosstime?®”.

Themesor(i.e.,the midline y-intercept of the cosinecurve) indicatesthe meanadjustedactivity
in 24 hours, while the amplitude is calculated as the difference between peak activity values

and the mesor. The ratio of these two parameters is called circadian quotient and can be
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consideredan index of O E U O Btier@th. The acrophase corresponding to the clock time of
the peakactivity levels, provides information on chronotype (morningnessor eveningness).

Amongthe valuesderived from nonparametric analysis,the two most commonly reported are
the interdaily stability (1S), a measureof circadian entrainment to external Zeitgebers(higher
values indicate greater stability), and the intradaily variability (IV), a measure of rhythm
fragmentation basedon the frequency of transitions between rest and activity (higher values

indicate greater variability).

According to some actigraphic studies, the acrophaseof the circadian rest-activity rhythm in
the postpartum period varies between 15:12 h and 17:01 h, without significant influence of the
different postpartum weeks on these values?$2103, In a longitudinal analysis, Thomas et al.102
found an increased rhythm amplitude, stability, and strength from 4 to 12 weeks postpartum,
indicating a gradual stabilization of the circadian rhythm after delivery.

Matsumoto et. all94 used actigraphy from late gestation (34 weeks) to 16 weeks postpartum
andalsoobservedanincreasein amplitude during the postpartum period, after adecreasefrom
late gestation, without reaching the samelevels as during pregnancy.New mothers also had
more unstable and irregular rhythms, characterized by longer daytime napsin the immediate

postpartum, which in turn decreasedthroughout the postpartum period.

Krawczak et. all00.105 examined self-reported circadian rhythm disruption measured by the
Biological Rhythms Interview of Assessmentin Neuropsychiatry (BRIAN), a questionnaire
designedto assesshiological rhythms in the clinical setting1%, in 45 healthy women from the
third trimester of pregnancyto 6-12 weekspostpartum, with asubsetof participants alsobeing
assessedby actigraphy. Subjective circadian disruption (increase in BRIAN score) from

pregnancyto postpartum wasmirrored by adecreasein mesorand acrophase and anincrease
in amplitude, circadian quotient, and 1V, while 1S did not change.These findings of decreased
and lessregular self-reported sleep-wake rhythms from pregnancyto postpartum, were also
reported in another large-scalestudy in 101 Japanesaiew mothers107,

Finally, a single study1% found different urinary 6-sulfatoxymelatonin (a metabolite of
melatonin) secretion patterns in postpartum women comparedto non-pregnant women, with

lower meanand maximum valuesof metabolite secretionin the postpartum period.

Besidesdescribing circadian rhythm parameters in normal pregnancy, some of the above

mentioned studies alsoinvestigated rhythm changesin pregnancy-related mood disorders.
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Krawczaket. al1090.105 gnalyzedsleepand circadian rhythms in relation to EPDSscoresin women

with mood disorders from late pregnancyto 6-12 weeks postpartum. Changesin subjective

circadian rhythm disruption (BRIAN scores) during the observation period predicted

worsening of depressivesymptoms in women with and without mood disorders. Participants

with mood disorders also showed greater increasein circadian rhythm amplitude and more

sleepdisturbancesacrossthe perinatal period, asassessedy actigraphy.

A recent study by Syepchenko et. all%® examined longitudinal changesin subjective and

objective sleepand circadian rhythm parametersin 100 women during the third trimester of

pregnancy, aswell asat 173 weeksand 6z12 weeks postpartum (n=73). Amongthe assessed
circadian rhythm variables, the most strongly associatedwith higher depressive and anxiety

symptoms acrossthe peripartum period were circadian quotient, activity during rest at night,

and probability of transitioning from rest to activity at night. The authors did not find changes
in dim light melatonin onset (DLMO) (i.e., the time of the evening increase of endogenous
melatonin) from pregnancyto the postpartum period in patients at risk for PPD

In contrast, Sharkeyet. al'10 previously reported anassociationof phaseshift in DLMOfrom the

third trimester of pregnancy to 6 weeks postpartum in women with depressed mood, as
measuredby HDRSIt is noteworthy, that changesin peripartum melatonin secretion have not

only been linked to depressive symptoms!1l, but also to obsessivecompulsive and manic

symptomsduring the pre- and postpartum period112,

In conclusion,circadianrhythm disruption seemsto beimplicated in perinatal mood disorders,
but evidenceto date is overall scarceand more studies, using sound chronobiological methods,

are neededto further explore and understand this relationship.

12| Page



2. Chronotype

Definition, epidemiologyand assessment

Most physiological processes irthe human bodyoscillate throughout the daywith a period

close to24-hours, but usually a littlelonger in humang13.114, Theseare referred to as circadian
OEUOEI O j £01T 1 OEA , AOE TanddhAlE©derdbralagtifity (slecgwakeA I O O
cycles), metabolism and energy homeostasis, core body temperature, heart rate, blood
pressure, and the secretion of hormones such as melatonin andrtisol. Circadian rhythmsare

controlled by an endogenous timing sysm, which ensures the integration of hierarchically
organized multi-oscillators. At the top of te EEAOAOAEU EO A O AOOGAO &
suprachiasmatic nuclei (SCN) in the ventral hypothalamus, whiategulates neuronal activity

and peptide releaséls. The SCNcoordinate all circadian rhythmsby communicating with the
peripheral clocks, that are present in practically everyorgan andcell of the body, via neuronal

and humoral signals!6 in aprocesscalledOET OAOT A1 OUT AEOT 1 EUAOET 1 638

In addition, circadian rhythms are also synchronized by external periodic signals from the
environment, alsoknown asZeitgeberg £0T I OEA ' AOI Avhich @&Effohkth€ EOA O
24-hour light-dark cycle of the earth's rotation. This daily adjustment of the phase and period

of the circadian oscillator to theexternal timeE O AA1T 1 AA OAEOBAARM &the AT OO
strongesttime cuefor synchronizing the circadian systemand as such it ha relevanteffects on

mood, wellbeing, alertness, and cognitive performanc&esides light,however, other weaker,
non-photic Zeitgebers such as social stimuli, meals, and physical activitalso promote the

alignment between the exact 2-hour day and the endogenous circadian rhythnigs.114,

There are inter-individual variations in the specific temporal relationship to the Zeitgebers
xEEAE Al OOAODPI T A O A AEv&medhdnd ardexterAabtife dndE AT O
define different chronotypes. Chronotypes therefore reflect a distinct phase relationship
between daily biological and environmental eventswhich not only depends on the strength of
the Zeitgebersthe most robust of which is light, but also on age, gender, genetic variantgs
well as on how individuals cope with social time and duties (e.g. work schedules et&lj.
Moreover, there is evidence thathronotypes also differ in light sensitivity 119 and not only in
the circadian regulation of the sleepwake rhythm, but also in the dynamics of &ep

homeostasig?0.121,
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Chronotypes in the general population are normally distributed, ranging from morning types
(early falling asleep in the evening and early wake up in the morning) tevening types (late
falling asleep in the evening/night and late wake up in the morning), with intermediate types

falling between these two extreme&?? (see Figure 1)
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Figure 1: Distribution of chronotypes based on miesleep of free days. Adapted from: Roenneberg

T andMerrow, M (2007)239
Individual chronotypes can interfere with demands related to school times, working hours, or
leisure activities, which definea socially acceptable time fosleep and wakefulness. Thusni
order to adapt to daily activities, late chronotypes may be forced to get up before their
biologically driven wake-up time, whereas early chronotypes ray have to stay up longer into
their biological night. This generally leads evening and, to lesser extent, morning types to
accumulate sleep debt on workdays andompensate for it by sleeping longer or midday

napping on work-free days-23.

The degree of misalignment between biological and social time normally referred to associal
jetlag and can be quantified as the absolute difference between the timing of midsleep on
workdays and on work-free days?4. Later chronotype ard greater social jetlag are strongly
correlated?4, and both conditions are associated with adverse health consequences and
unhealthy habits125, Eveningchronotypes report a higher incidence of poor sleep quality and
increased daytime sleepines®%.127 and havea higher risk for depression and suicideghan the
other chronotypes!28z132, They also showless healthy dietary habit$33z136 consume more
alcohol, nicotine, and caffeiné37z139 are less often engaged in physical activity® and tend to

haveincreased body mass index (BMI) and obesit§.141, Consequently, evening chronotypes
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are also more prone to suffer from chronic diseases, such aarterial hypertension, type 2
diabetes!42, and bronchial asthmag as compared to other chronotypes!43. Health-related

hazards amongevening chronotypesare summarized n Table3.

Physiology Condition Disease
Brain Alcohol misuse Alcohol abuse
Smoking Nicotine dependence

Irregular or unhealthy diet
Low physical activity

Irregular or deprived sleep

Sleeping difficulties Insomnia
Overweight
Sleep disturbances Sleep apnea
Depressive symptoms Depressive disorder
Depression, hypomania, or mania Bipolar disorder
Anxiety Anxiety disorder
Personality disorder
Heart and blood vessels Arterial hypertension
Lungs and respiratory tract Wheezy breathing Bronchial asthma
Allergic respiratory symptoms Hay fever
Endocrine organs Reduced insulin sensitivity, reduced Type 2 diabetes

glucose tolerance, poorer glycemic
control
Difficulties in getting pregnant Infertility

Table 3: Healthrelated hazards among evening chronotypes. From: Partonen, T (2028),

With permission of the publisher (license number: 5236990238071).
There are variousmethods for assessingchronotype. ne option is to use selfadministered
tools, such as the Morningnes€veningness Questionnaire (ME®@)* and the Munich
Chronotype Questionnaire (MCTQ¥3. Although the MEQ and MCTQ are highly correlated, the
MEQ inquiries about individual time preferences to engage in cexin activities, such as sleep
while the MCTQestimatesthe current midpoint of bedtimes on workdays andwork -free days
from questions about sleepwake behavior as an approximation of the entrainment phase. That
is, the difference between a given phase @f circadian rhythm (e.g., the nadir of core body
temperature or the midpoint of sleep) and the phase of the time cue (e.g., twilight or darkness)

is calculated“s.

On the otherhand, it is possible to measurethesé A1 1 AA OAEI 1 ECEO 1 Al AO
i.e.,the time of the evening increase of endogenous melatonin based on five saliva samples
collected under dim light conditions and possibly coupled witha recording of therest-activity

cycle over 12 weeks (@ctigraphy). In addition to the chronotype, this makes it possible to
determine the degree ofsocial jet lag and the phase difference between the time when the

melatonin rises in the evening and th@nset of sleep46.
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Gender differences in chronotype and influence on pregnancy

According to a recent systematic review and metanalysis of studiesassessing chronotype by
using the MEQthere are gender differencesin the distribution of chronotypes, with women
being more likely morning types and men conversely, being more evening oriented4’.
However, research findings are generally not consistent. For example, & large, population-
basedstudy in Finland, evening types have been estimated to represent $13% of the adult
individuals, with eveningness being slightly more prevalent among females than malés By
contrast, an analysis ofwearable devicesdata in the Chinese population (n=49,573)did not
show any gender differences in chronotypé4°. Other researchersexamined diary data to
estimate the distribution of individual chronotypes in the US populationand found that women
are on average earlier chronotypes than men until the age of 40, but later types thereaftex
The authors hypothesized hormonal changes in women to act as modulators for an aging

circadian system, causing a shift to eveningness between 35 and 50 years.

Fluctuations in reproductive hormones, particularly in estrogen and/or progesterone levels
also seemto influence changes in chronotype and activity levels during pregnanay both
women and female mice, as measured by wrist actigraphy and running wheel activjty
respectively. While thetime of sleep onset during the first and seconttimesters was earlier in
both groupsthan before pregnancy this reverted to the pre-gestational state during the third
trimester151, However, not only chronotype may be affected by hormonal factors, but
conversely, it alsoappearto modulate reproductive functionsin women, such as the length of
menstruation and the likelihood for pregnancy®2. Furthermore, evidence suggests that,
similarly to what seen in the general population, butespecially in women, a later chronotype
might represent an unfavorable factor in the onset of physical or mental disorde¥s® and be

associated with adverse childhood experiencég:.

As regards the perinatal period pregnant evening chronotypes reported greater seasonal
variations in mood and behaviour than morning type&>, had a higher prevalence of insomnia
and depression lefore and during pregnancy®¢, and more symptoms omania and obsessive
compulsive disorder in the postpartunts?. Also, findings froma largecohort of 1,646 pregnant
women, showed that eveningtypes were more often smokers and had more illnesses or
disabilities as compared to theother women!55, Otherinvestigations pointed that pregnant
women with evening chronotype tend to have a poor diet quality8, food craving traits, and to

gain weight in the early gestaibnal period1® than other chronotypes.Finally, a recent study
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conducted in 53 pregnant women withgestational diabetes mellitts (GDM)found that evening
chronotypes have a more unstable marital status, a higher prevalence of insomnia and
depression before and during pregnancy, and are more likely to develop adverse pregnancy

outcomes, such as preclampsia and neonatal ICU admissidpf.

3. Light Therapy

Bright light therapy for affective disorders

The intrinsic property of light to enhance mood states has been known since ancient tiniés
However, it is primarily the research adwances in chronobiology that have occurred since the
second half of the last century, which have led to the scientific validation of bright light therapy
(BLT) as a chronotherapeutic tool and have promoted its implementation in clinical practice,
starting with the treatment of mood disorders.

For almost four decades now, after the description of the first case series in 1984, BLT has been
established as the firstline treatment for seasonal affective disorder (SAD¥L. In more recent
years, a growing scientific literature and several metanalyses of randomized trials have
shown that BLT is superior to placebo and weltolerated, not only in seasonal depressiarbut
also in moderate to severe norseasonal unipolar depression, with effect sizes equivalent to
those observed in trials using SSRI¥<164, Moreover, as compared to antidepressant drugs (AD)
that mainly target mood, BLT has the advantage of improving both sleep and circadian rhythms,
which are commonly altered in depressioft>.

In addition, BLT implementation has also been tested as augmentation therapy to AD in Ron
seasonal depression, particularly for major depressive disordefMDD) and bipolar disorder
(BD)160. In up to 5360% of patients who did not respond to AD alon®é, BLT used as adan
treatment increased the number of responder¥’, thus raising the question whether tle
combination of AD and BLT should be recommended as a filghe approach, rather than as
bl OOEAI Ah OAATT AAOU AOCi AT OAOGET T OOOAOACUN
achieve a shorter duration of untreated depressio#8.169,

In this regard, a recent metaanalysis showed no differences between BLT and AD efficacy when
these interventions wereintroduced as a first line treatment in MDD with and without seasonal
pattern. However, BLT induced faster antidepressant benefits than & and alsoimproved

circadian rhythm alterations. Finally, the synergistic combination of the effects of AD and BLT
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showed a clear superiority over AD alone as well asa good tolerance and safety profile, even

regarding retinal health169,

Rationale for using bright light therapy in perinatal depmsion

BLT may be a suitable treatment for women suffering from PND, because it is lewost, home
based, and its efficacy for other types of depression has been well established.

Most importantly, however, the greatest advantage of BLT over pharmacotherapy for pedtal
women is that BLT has a much more favorable safety profile thakD62. In fact, most pregnant
women have legitimate concerns about the adverse effects of AD on the developing fetus or
newborn, leading many of them to refuse pharmacotherapy. This also applies to the postpartum
period, due to the possible risks associated with the passage of drugs metabolites into breast
milk, and to the desire of many mothers not to give up breastfeeding, which is an important and
beneficial step for bonding with the child.

On the other hand, gychotherapy is also an effective treatment for PNI?.171 not involving the
intake of medications. However,various logistical and economic barriers can make it

unattractive for women with PND(see pages, treatment challengeks

Besides practical advantages, several factors related to the pathophysiology of depression and

the effects of light on mood and brain circuits support the use of BLT for treating PND:

- PNDmight be associated with reduced daylight exposure, which can bewteracted by
implementing artificial light in the domestic environment. During the perinatal period,
women tend to reduce their level of physical activity and time spent outdoors,
particularly due to mobility problems in late gestation and care of the nelorn in the
home setting after deliveryt’2. Although a small study by Wang et al. in the San Diego
areadid not show any differences in light exposure of postpartum women vs. matched
control women, nor a correlation between postpartum mood with illumination levels in
the postpartum samplé?3, some more recent findings confirmed a seasonal trend in PND
symptoms. In paricular, a delivery during fall and early winter months when daylight
is of significantly shorter duration, has ben associated with an increased risk of
PPD74.175, Also, higher scores (35%) of depressive symptoms in late third trimester and
at each postpartum assessment haveelen found when days were shortening (from

August to first 4 days of November) as compared to other day length categoriés
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women with PND may present circadian misalignment (i.e., a mismatch between the
endogenous circadian timing system and the 2hour environmental cycles) and the
antidepressant effects of BLT may be related to the resynchronization of circadian
rhythms177. Light, as the most robustZeitgeber keeps most biological and behavioral
rhythms internally synchronized, which is crucial for physical and mental healthThe
SCN receive photic signals from the environment via direct retinal projection from a
population of intrinsically photosensitive retinal ganglion cells (ipRGCs). These express
the photopigment melanopsiri’8.179, which is particularly sensitive to shortwave light

in the blue range ofthe light spectrum (between 460 and 480 nml80. Interestingly, it
has recently been reported that the ipRGCs also communicate with other brain areas
besides the SCN, such as a thalamic area known as gebenula, whch is responsible
for mediating the effect of light on affective behavid#! (Figure 2). Thus, circadian sleep
wake disruption and chronic circadian misalignment, which are commonly observed in
psychiatric and neurodegenerative diseases, can be treated using BLT, with beneficial

effects not only on sleep quality, but also on mood|ertness,and cognitive performance.
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Figure 2:Light affects mood and learning through distinct retinabrain pathways. From:
Fernandez, DCet al. (2018). With permission of the publisher (license number
5243140161196)

PND may be associated with dysregulation of brain serotonin levels, which can be
counterbalanced by bright light exposurész, In women with PPD, platelet serotonin
levels are reduced by 50% in respect to normal level®. Moreover, a significant

association between postpartum depressive symptoms and genetic polymorphisms of
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the serotonin-transporter -linked promoter region (5-HTTLPR) has been founi4, with
5-HTTLPR short allele carriers having an increased vulnerability to depression during
the perinatal period85.186, Also, the serotonin 1A receptor (5SHT1A) binding potential in
the brain is reduced by 2@28% in women with PPD as compared to healthy postpartum
women, with the anterior cingulate and mesiotemporal cortices being the most
significantly affected brain area$?’.

Serotonin dysregulation during the perinatal period has also been attributed to
alterations in tryptophan (a precursor of serotonin synthesis), estrogen, and
hypothalamic-pituitary -adrenal (HPA) axis activity88z190,

On the therapeutic side, SSRIs are considered the pharmacological treatment of choice
for PND91, andhave been showrto be effective in improving maternal role functioning

in women with PPD92.193, Light is also likely to exert its mooeenhancing effects through
serotonergic mechanisms. It has been demonstrated that the antidepressant effects of
BLT can be reversed following tryptophan depletio®®4, which leadsto a reduced
availability of serotonin in the brain, which in turn can trigger depressive symptomis.
Conversely, the mood lowering effectf tryptophan depletion in healthy women can be
hindered by exposure to bright light (3,000 lux) but not dim light (10 lux}°. BLTmight

therefore improve the regulation of the serotonergic system in women with PND.

PNDmay be influenced by alterations in estrogen, which could be corrected with bright
light exposure The estrogen and serotonin systems are closely related, which may
explain why some women are more vulnerable to mood disorders due to hormonal
fluctuations, including PPD and why in these cases estrogen has been shown to be an
effective therapeutic optiont97.198 The alternation of ahigh rise in estrogen and
progesterone levels during pregnancy, followed by a rapid decline of these hormones
after childbirth, has been implicated in the etiopathogenesis of PNEY. There is limited
evidence that BLT may stimulate the release of luteinizing hormone (LH), a
gonadotropin hormone involved in theproduction of estrogen and progesteron&?, and
therefore exert its therapeutic effects through the LFdependent modulation of estrogen

levels.

BLT can help improve fatigue and skp disturbances during the perinatal period, which
are supposed to be risk factors foPND(seepages 712, role of sleep and circadian rhythm
disruption in the perinatal period. An association has been shown between short sleep

duration and adverse maternal and fetal outcome®g1z203, as well as between sleep
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problems and maternal depressiod®. In fact, fatigue and sleep disturbances are
evaluated in the diagnosis of PND and are among the most commomyperienced
symptoms in women with PPDB0, Studies indicate that women with PND repo
substantially poorer sleep than healthy antepartum and postpartum matched wonme®.
The well-known non-visual effects of light include decreased daytime fatigue, improved
sleep,and alertnesg06z208 thus representing a rationale for the use of BLT in women
with PND

Evidence on bright light therapy for antenatal and postpartum depression

Given that it isestimated that only about 15% of women with PPD are treatedthere is an
evident need to increase access to treatment by adopting intervention that are affordable, easy
to-use, and as effective as traditional pharmacologic approact¥€s Although BLT has
confirmed to have these qualities, the current literature orits usefor perinatal mood disorders

is scarce. Only six studies so far investigated the effects of BLT on depression occurring during
pregnancy or the postpartum. Four were randomized controlled trials andwo were open

trials 210,

In an open trial, Orenet al. administered daily BLT (1@00 lux for 60 minutes in the morning,
within 10 minutes of awakening) to 16 pregnant women withAND?11, After 3 weeks, they found

a decrease by 49% from baseline mean scores on the Structured Interview Guide for the
Hamilton Depression Rating Scale, Seasonal Affective Disorder version (SI&&D). For 7
patients who continued the treatment up to 5 weeks, an even greater reduction, B®% from

baseline mean SIGFBAD ratings, was observed.

Based on these findings, a first randomized, controlled trial (RCT) in women witAND was
conducted by Epperson et &12, in which 10 participants received either BLT (®00 lux, n=5)

or placebo dim light(PDL) (500 lux, n=5) for 5 weeks, 60 minutes per day, within 10 minutes
of awakening. Results did not show angifferences between the two study groups at 5 weeks,
with SIGHSAD scores being similarly reduced by bright light and dim light. However, when the
treatment was extended to 10 weeks, a greater reduction in depressive symptoms emerged in

women receiving actve treatment vs. placebo.

In a larger RCT, using a similar protocol for BLT @00 lux, for 60 minutes daily for 5 weeks)
but a lower illuminance level in the control group (70 lux), WirzJustice and colleagues3

randomly assigned women with AND to receive either bright light (n=16) or PDL (n=11).
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Participants in the BLT group showed significantly greater scores improvement in the
Structured Interview Guide for the Hamilton Depression Rating Scale with Atypical Depression
Supplement (SIGHADS) am the 17-item Hamilton Depression Rating Scale (HDRS) than those

inthe PDLCOT OP8 -1 OAT OAOh OEA OAODPI T OA OAOA j(%$2:
significantly greater for BLT (81.3%) as compared t&DL(45.5%) and clinical remission (HDRS

S ¢q aiedbyA8B® in the BLT group vs. 36.4% in theDLgroup (p < 0.05).

A recent RCT examined the effectiveness of BLT #DLin a large sampleof pregnant women

of 12-32 weeks gestational ageBais et ak4 randomly allocated 67 participants to either daily
BLT (9,000 lux, 5000 K) or dimred light (DRL,100 lux, 2700 K) for 6 weeks, 30 min in the
morning after awakening. Followup assessments at the end of the trial, 3 and 10 weeks after
treatment, as well as 2 months postpartum, showed no statistically significant differences in
depression rates between the BLT and thRDLgroup on the SIGHSAD, HDRS, and EPDS. The
authors therefore concluded that median depression scores were improved in both treaent
arms and raised the question whether these results were due to a real treatment response, a
placebo effects or a combination hereof. In this regarthowever, similarly as in the study from
Epperson et akl?, the antidepressant effects of even lowntensity placebo lights remain
unclear, considering that illuminance levels as low as00 lux has been denonstrated to phase

shift human circadian rhythmg15,

As regards the use of BLT for PPD only two studies are reported. In a case series by Corral et
al 216 n=2 participants received 4week BLT at 1@00 lux for 30 min between 7:00 am and 9:00
and showed substantial clinical improvement (75% reduction in HDRS scores). The saffirst
author, however, laer performed a RCF7 which showed no differences between BLT (1®00

lux, n = 10) and placebo (600 IuPRL, n = 5),administered for 6 weeks for 30 min/day between
7:00 am and 9:00 am. Both treatments elicited a 49% reduction in SIGEAD scores. Also,

similar increases in SIGHSAD scores were found following withdrawal of the treatments.
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RESEARCHDBJECTIVES AND METHODS

Research Questions, Hypotheses and Aims

Research onPND offers many possibilities for development, given the numerous gaps in our
knowledge of many aspects of this disorder, fromrisk factors to pathophysiological
mechanisms o the best approaches to diagnosis and treatmenthus, rot surprisingly, within
the already existing field of women's mental healtlcare, a subdiscipline known as reproductive
psychiatry is expanding8, with the aim of focusing efforts on the investigation and clinical

managementof mental disorders specific to the reprodutive age of women.

With this in mind, for the purpose of this thesis it was necessary to formulate few precise
research questions to be answered through theriginal manuscripts that will be presented in
the following chapters. This also in order taconcentratethe data analysis on a part of the large
number of variablescollected inOE A -0, 8 FAOOAUR 11 xEEAE OEEO
described under@nethodsa The research questions, hypotheses and aims tife manuscripts

composng this thesisare summarized in Table 4.

Manuscript Title

Polysomnographic
features of
pregnancy:

a systematic review

Influence of
chronotype on the
incidence and
severity of perinatal
depression in the

O, £&k O

Sustained remission
from perinatal
depression after
bright light therapy:
a randomized,
placebe
controlled trial

Questions

What is the current
evidence on the objective
sleep featuresof
pregnancy? Have the
studies available so far
ever been summarized in
a systematic review?

Is the chronotype of
pregnantwomen a
possible risk factor for the
onset/ severity of PND?

Is BLT safe and effective
for the treatment of PND?

Hypothes es

Subjective sle@ disturbances
during pregnancy correspond
to objective alterationsin
sleeparchitecture, that can
only be detected by PSG
recording. Studies using PSG
in pregnant women have
never been systematically
reviewed before.

Eveningchronotype is
predictive of PND occurrence
and symptom severity.
Pregnantevening
chronotypes present
unfavorable social conditions
and lifestyle attitudes
predisposing them to PND.

BLTis effective for treating
PNDirrespective of the time
of onset(pre- and/or
postpartum).

Aims

To perform the first
systematic review and meta
analysisof PSGstudies during
pregnancy, in order to
identify possible markers of
sleep disruption in pregnant
women with and without
comorbidities.

To investigate whether
chronotype is a risk factor for
PNDandto explore the
association between
chronotype, maternalsocio-
demographic characteristics
and lifestyle habits, in relation
to PND.

To conduct thefirst RCT
aimed at testing the efficacy
and safety of BLT for PND
occurring over a 12month
observation period.

Table 4: Summary of the research questions, hypotheses and aims of the manuscrif
composing the thesis. RCT: randomized controlled trigRSG: polysomnography.
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Methods

The following section and the figures and tables reproduced therein amerived and adapted
AOT 1T OEA DOl O Aol DIOAEE & B Syhtite péndidate 63 Fedadithor at the
beginning of the study?°. Referenceto the manuscriptis here reported:

Baiardi, S., Cirignotta, F., Cicolin, &arbazza, C, D'Agostino, A., Gambini, O., Giordano, A., CaneWhj Zambrelli,
E., Marconi, A. M., Mondini, S., Borgwardt, S., Cajochen, C., Rizzo, N., & Manconi, M. (@b@pbiology, sleep
related risk factors and light therapy in perinatal depression: the "LifeON" project. BMC psychiatryl6(1), 374.
https://doi.org/10.1186/s12888 -016-1086-0
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light therapy in perinatal depression

Working hypothegs

The O, B AMproject was designed starting from the fundamental hypothesis that sleep
structure and its possible alteratiors during pregnancymight contain essential information for
the early identification of women at risk for developing PND.Furthermore, consideringits well-
establishedefficacyand safetyprofile asatreatment for seasonal and norseasonal depression
as well as theencouraging findings fom the few available studies onAND or PPD it has been
hypothesizedthat BLT might bea valid tool for both preventing PNDonset and treatingPNDin
women already affected Null hypotheses were that rither polysomnographic sleep features
during pregnancyor subjectively and objectively assessesleep disordersoccurring during the

perinatal period arerelated to PNDAIso, thatBLT is not effective in preventing or treating PND.

Specific aims
Primary aim

To systematically exploreand identify potential predictive factors for PND, by prospectively
assessingsleep parameters, biochemical and hormonal blood markers, andnood changes

during the perinatal period (Life-ONmain study).

Secondary aims
1) To investigate thepossible associationbetween specificgenetic polymorphisms and the

development of PND(substudy Life-ON 1)

2) Totest the efficacy,safety,and tolerability of BLTfor treating PND (substudy LifeON 2)
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3) To testthe feasibility of usingBLT in nondepressedpregnant women, in order to prevent

the onset ofPNDduring late gestation andthe postpartum period (substudy Life-ON 3)

Designof theLife-ON main study

The Life-ONproject is a prospective, both observationahnd interventional, multicenter, cohort
study, which has been conducted from 2016 to 2020 in thresleepcenterslocated in northern
Italy (Bologna, Milan, Turin) and one irsouthern Switzerland (Lugano) A total of 439women
attending the gynecological outpatient clinics of the involved centers andho gave a written
informed consent,were recruited during the first trimester of pregnancy (10h-15th gestational
week) and followed-up until 12 months after delivery. Inclusion andexclusion criteria of the
study are listed in Table5. The use of anydrug prescribed by other physicians and necessary
for women in their normal clinical care pathway in parallel with the study was allowed
Participants underwent scheduledvisits conductedby a multidisciplinary team consisting ofa
gynecologist or obstetrician, a psychologist or psychiatristand a neurologist expert in sleep
medicine. During the periodic follow-up assessmentsa broad range of variables were collected,
including demographic and medical/gynecological data,subjective and objective sleep
measurements, and psychological evaluations of mood changesstressful life events and
personality traits using semistructured interviews and validated rating scales. In particulay
depressive symptoms were assesseevery three months during an observation periodof 18
months, from study inclusion up to 1 year postpartum, with a higher sampling rate (every two
weeks) during the first two months after delivery. PND was diagnosed using the EPDS,

accompanied by othertools administered by staff mental health professionalgTable 6).

As regards the geep evaluation, this consisted ofan entry interview with a sleep expert, to
record lifetime and current sleep disturbances, supplemented with questionnaires assessing
sleep quality, insomnia, daytime sleepiness, chronotype, slegplated movement disorders and
parasomnias(Table 6). A homebasedpolysomnography (PSG) s performed in all women
during the second trimester of pregnancy (20th-25th gestational weel. This included
electroencephalogram (F3, C301 referenced to the contralateral mastoid M2), bilateral
electro-oculogram, surface electromyogram of submentalis musdeand bilateral tibialis
anterior muscles, electrocardiogram and sleep respiratory parameters (nasal air flow, thoracic
and abdominal respiratory effort, oxygen saturation).Sleep was scored by a sleep specialist
according to the international guideline$?0. Rest-activity cycles during pregnancy and

postpartum were assessed by tflays actigraphic recordings repeated for 3 times: between the
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20t-25t% gestational week, around the 8 trimester (90-105 days) and between the 1%-12th

month after delivery.

Pregnant womenwho accepted toparticipate in the observational LifeeON main study, were
also asked totake part additionally and voluntarily in the Life-ON 1 substudy (genetic
investigation). The substudyLife-ON 2 was proposed to women who developPND during
pregnancy or within 9 months after delivery. Finally, a group of non-depressed pregnant
women wasasked to participatein the Life-ON 3 substudy consisting of a preventive trial with
BLT for PND A dedicated written informed consentwas signed byevery woman for each

substudy. Participants had the possibility towithdraw their consent at any time (Figure 4).

Inclusion criteria Exclusion criteria
A Age 1850 years A Diagnosis of bipolar | or Il disorder (DSMb)
A Medically healthy A Recent history (previous 6 months) of or current
A Normal ocular function major depression or EPDS> 12 at time of

A Gestational age between 145 weeks at time of  inclusion
screening A Any psychotic episodesubstance abuse, recen
A Written informed consent history of suicide attempt (previous 12 months)
A Use of antidepressants or other pharmacologic
treatments for depression in the previous 6
months

A Fetal malformations and intrauterine fetal death

Table 5: Inclusion and exclusion criteria of the Lif@®©N main study!®. EPDS: Edinburgh Postnatal Depression

Figure 3:Experimental light conditions in the Life ON 2 substudy.
Left: bright IECE O | p mRightred dim GyBtqi® lux).
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Follow-up until 12 months postpartum

Figure 4: Flowchart of the studyprotocol219. D: depression. M: month.
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Life-ON
PREPARTUM POSTPARTUM
vi | v2 | va | va | vs V6 V7 V8 Vo vio | vi1

1w 3w 5w W 3M 6M oM
10- 23- 34- 11-
5w | 25w | 38W (5- (19- (33-40 (47- (90- (180- (270- 12M

129g) | 2699) 99) 549g) | 105gg) | 195gg) | 285gQ)

Demographic
assessment

Gynecologic
evaluation

Psychiatric
evaluation
1 MINI Plus X
1 MINI

1 EPDS + VAS
1 HDRS21

1 MADRS

1 TCI

1 SLE

XX [ X [X
XX [ X [X
XX | X [X
XX | X [X

XX [ X[ X | X

Sleep evaluation

1 PSQI

1 1Sl

1 ESS

9 RLS criteria +
severity scale

9 Parasomnia scale

 MEQ

1 Actigraphy X X X

1 PSG X

x
x

X |IX XX

X | X [X[X[X

X | X [X[X[X
x

X | X XX [X
x

X | X XXX

XX | X [X[X[X

Blood tests
(haemochrome,
progesterone,estrogens,
prolactin, cortisol, CRH,
ACTH, TSH, oxytocin, X X X X
ferritin, vitamin B12, folic
acid, creatinine,
transaminase)

Table 6: Schedule of assessments. MINI: MINiternational Neuropsychiatric Interview; MINI Plus: MINI International
Neuropsychiatric Interview Plus; EPDS: Edinburgh Postnatal Depression Scale; VAS: Visual Analog Scale;-BIDR&milton
Depression Rating Scalg 21 items (during trial also on days 0z 21 z 42 of treatment); MADRS: MontgomenAsberg
Depression Rating Scale (during trial also on days021 z 42 of treatment); TCI: Temperament and Character Inventory;
IRLE: Interview for Recent Life Events; PSQI: Pittsburgh Sleep Quality Index; ISkdmnia Severity Index; ESS: Epworth
Sleepiness Scale; RLS: Restless Legs Syndrome; MEQ: MorningBesaingness Questionnaire; PSG: Polysomnography
SAFTEE: Systematic Assessment of Treatment Emergent Effects (during trial after 3 and 7 weeks of treatment)
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Experimentalsubstudies

Qubstudy LifeON 1

The Life-ON 1 substudy consistd of a geneticanalysisbasedon asingle blood sample taken
during the 20th-25th gestational week with the aim to identify possible specific genetic
polymorphisms, that may be associated with PND. Part of tH®#ological samples collectedvere

processed and stored in a biobankor future research
Substudy LifeON 2

The Life-ON 2substudy was designed asan interventional trial investigating the effectiveness
of BLT in treatingPND. Womerwho were likely affected byPND based on a EPDS score > 12 at
any time point from the study inclusionto 9 months postpartum, were invited to enter asingle-
blind RCT They weredivided into blocks of 10 and then randomly assigned to eithe weeks

of morning BLT or dimred light (DRL). Participants were askedto maintain their habitual
bedtime and wakeup schedules, and to begin the light treatment within20 min of habitual
wake-up time. They wereinstructed to sit in front of the light box (Philips EnergyUpHF 3419)

at a specified distance (around 30 cm) antb be exposed tcan active lightsourcej p mé T
or DRL(19 lux) for %2 hour (Figure 3). Safety vasmonitored usingthe self-report version of the
Systematic Assessmentf Treatment Emergent Effects (SAFTEEimilar to the Life-ON main

study, all participants were followed up for up to 12 months after delivery.
Substudy LifeON 3

The Life-ON 3 substudy wasan openlabel interventional trial, in non-depressed pregnant
women, aimed at testingthe efficacy of BLTfor preventing PND. Asubsample ofca.80 women
with an EPDS scor& 12 at the second trimester of pregnancy wasonsecutively recruited to
receive 6-week BLTwith an identical protocol to the Life-ON 2 substudy However, ro placebo
control group was created. Safety was monitored using the SAFTEEquestionnaire. All
participants were followed-up until 12 months postpartum. The main outcomes in this
substudy were the incidence ofPPDin women receiving BLTduring pregnancy,compared to

women with no treatment.

Adverse eventassessment

Adverse Reactions (ADRs) and Serious Adverggent (SAE)were monitored and recordedonly

for the substudiesinvolving treatment with BLT.
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Summary

Symptoms of sleep disturbances are common among pregrtaromen and generally worsen
across gestation. Pregnancyelated sleep disordersare not only associated with a poor quality
of life of the affected mothers, but also with adverse perinatal outcomes, includimpgrinatal
depression gestational diabetespreeclampsia andpreterm birth. The current knowledge
about the impact of sleep disorders during pregnancy largely derives from the results of sleep
surveys conducted in various populations. However, the number of stuek examining changes
in objective sleep variables during pregnancy vigolysomnographyhas progressively

increased in recent years.

Here we systematically reviewed the polysomnographic studies available in the literature with
the aim to describe the sleep pattern and to identify possible markers of €p disruption in

pregnant women.

Based on our analysis, subjective worsening of sleep quality across gestation is related to
objective changes in sleep macrostructure, which become particularly evident in thkeird
trimester. Pregnancy per se does not represent an independent risk factor feveloping major
polysomnography-assessed sleep disorders in otherwise healthy women. However, in women
presenting predisposing factors, such as obesity or hypertension, physiological changes
occurring during pregnancy may contribute to the onset of pathalgical conditions, especially

sleep-disordered breathing, which must be carefully considered.

Introduction

Pregnancy is a physiological condition of relatively short duration in a woman's life, but characterized
by profound biological changes, which have a significant influence on sleep [1]. The typically increased
secretion of several hormones across pregnancgonsiderably impacts on both the circadian and
homeostatic components of sleep regulation, leading to modifications of sleep architecture [2]. In human
studies, nonrapid eye movement sleep (NREM) has been shown to be enhanced by progesterone and
prolactin [3,4], while rapid eye movement sleep (REM) is decreased by progesterone and increased by
estrogens [5,6]. Oxytocin peaks during the night, promoting uterine contractions leading to sleep
fragmentation [2]. Cortisol and growth hormone levels are also elated, affecting sleep quality and

inducing daytime sleepiness [2].

Besides hormones, other factors contribute to sleep disruption during pregnancy: gastroesophageal
reflux, affecting up to 75% of pregnant women [7]; nocturnal micturition, due to an incrase in overnight
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sodium excretion [8]; anatomical changes related to the growing uterus and increased body weight [9].
Moreover, iron and folate deficiency may play a role in the occurrence of sleeglated movement

disorders in pregnant women [10,11].

Subjectively reported sleep disturbances are very common during pregnancy, with increasing rates
from the first (13%), to the second (19%), and third (66%) trimester of gestation [12,13]. A recent meta
analysis showed that 46% of women experience poor sleapality during pregnancy, with an average
score of the Pittsburgh Sleep Quality Index (PSQI) of 6.4 (95% CI, 56385) and with a worsening trend
from the 2nd to the 34 trimester by an average of 1.68 points (95% ClI, 0.422.94) [14]. While at early
gestational age women mainly attribute sleep problems to nausea/vomiting, urinary frequency, and
backpain [15], in late gestation up to 69.9% of women report difficulty in maintaining sleep, 34.8% early
morning awakenings, and 23.7% difficulty falling asleefiL6], mainly due to fetal movements, heartburn,
cramps or tingling in the legs, and shortness of breath [13,1719]. By the end of pregnhancy almost all

women suffer from recurrent and long wake episodes during the night [17,20].

Selfreported sleep durdion also declines across pregnancy [21]. Moreover, objectively assessed sleep
duration and quality are related to age and ethnicity, with nofHispanic black and Asian women having
the shortest sleep duration, and younger pregnant women having the highestount of wake after sleep

onset (WASO), the lowest sleep efficiency (SE), and the latest sleep midpoint [22].

To date, the available literature on sleep during pregnancy is mostly based on subjective information
from screening questionnaires or interviews [14,19]. However, in recent years, an increasing number of
studies investigated sleep in pregnant women objectively, by using polysomnography (PSG) or
actigraphy. Sleep parameters derived from actigraphy may significantly differ from those obtained by
PS5 recordings and should therefore be interpreted with caution [23]. Thus, PSG remains the gold
standard for sleep depiction, being the only reliable tool to precisely describe sleep maerand
microstructure, correctly estimate respiratory and motor events and permit an accurate identification

of pregnancyrelated sleep disorders.

We here present the first systematic review of polysomnographic studies conducted in pregnant
women, with the aim to provide a detailed overview about the intrinsic, objectiveeatures of sleep in

normal, healthy pregnancy, as well as in some typical pregnancglated complications.

Methods

We performed a systematic review of the literature by searching for studies reporting objective sleep
parameters obtained by PSG in pregnant women until February 1, 2019. The review process followed
the PRISMA statement guidelines [24].
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Search strategy

TEA OAOI O OPOACI ATAUS /2 OCAOOAOGEI TS ''.$ OPITUOTII
Medline, Scopus and Embase. The search terms had to be included in the Title, Abstract or Keyword
section of the articles. The first author reviewed the automtically generated list of items and classified
AOGAOU 1T AT OOAOEDOh AAOAA 11 EOO AAOOOAAOR AO OAIl EC
OEA OAI AAGETT AOEOAOEA AAOAOEAAA AAiITx8 1| OOEAI AO
AT AT UOGEOG8 | #FOAOxAOARh OEA EEOOO AT A OAATTA AOOEIT O
Al E C E AdxtAniclegi®4d blinded fashion, to determine whether they met the criteria to be included

in the review. The interrater agreement calclated as Cohen's kappa coefficient (k) was 0.92. In case of

disagreement, they consulted the senior author (MM) for a final decision.
Selection criteria
The following criteria were applied:

1) Sleep assessment: only studies reporting PSG data recorded idgrpregnancy and using a minimal
montage of at least one EEG channel either in monor bipolar, electrooculogram (EOG), chin
electromyogram (EMG) were included. Studies based on other objective sleep assessment methods
than PSG (e.g., actigraphy or polyaphy) or using subjective tools (e.g., questionnaires) were
excluded;

2) Number of nights recorded: at least one full night PSG recording

3) 3Ai BPI A OEUAq TT1 U OOOAEAO xEOE A OAIiPI A OEUA T &

4) Language: English;

5) Type of study: original studies on human subjects; no single case reports, reviews,
commentaries/letters, editorial, conference abstracts;

6) Control group: studies including either a control group (healthy pregnant or nospregnant women)

or without a control group were included.

Additionally, the authors went through the reference lists of the selected articles to identify further

studies. Unpublished manuscripts were not included.
Quiality assessment

The quality assessment of the studies included in the systematic review was performed usitige
Newcastle Ottawa scale (NOS) adapted for crossectional studies (according to Herzog et al. [25]),
cohort studies, and caseontrol studies (available at http://mww.
ohri.ca/programs/clinical_epidemiology/oxford.asp). The NOS consists of several itemscluded in
three domains (selection of the study groups, comparability of the groups, and outcome/exposure

AOOAOOI AT 68 wAAE EOAI EO AOGAI OAOGAA AAOGAA 11 A «
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evaluated using the Cochrane Collaboration's todbr assessing risk of bias in randomized trials [26]

and the Cochrane Collaboration's risk of bias in nerandomized studies (ROBINS) [27].
Statistical analysis

Mean and standard deviation of longitudinal studies reporting total sleep time (TST) and 8re pooled

in order to evaluate changes in these sleep variables from the first to the third trimester of gestation.
Weighted mean difference (WMD) with 95% confidence interval (95% CI) was used to estimate absolute
differences of continuous outcomes.2istatistics was adopted to measure the percentage of variance
attributable to study heterogeneity (I2>50%). The Egger's weighted regression test was used to detect
publication bias. Statistical analysis was performed using StatsDirect software version 3@ambridge,
UK).

Results
Literature search

A detailed flowchart of the results of the literature search process is presented in Fig. 1. Finally, 40
studies were considered for the qualitative analysis (systematic review). Twentfour of them were

cross-sectional studies (n = 24), ten prospective cohort studies (n = 10), five clinical trials (n = 5), and

one casecontrol study (n = 1). Out of
Articles of potential relevance identified ] ]
through database search (n=569) 40 studies, n = 27 included a control

group, while n = 13 were not controlled.

Non-English articles A L
— excluded Regarding the country of origin,most
(n=21)
studies were performed in the USA (n =
Abstraéctssjcg)eened 20), followed by Australia (n = 9) and
n=
Canada (n = 4). Sample sizes examined
Abtracts excluded (n=488), based on:
A unrelated content (n=266) ranged between 10 and 234 women.
ﬁ article type (n=158)
Ao e =6) Main findings of the reviewed studies
Full-text arficles are highlighted in Table 1.
evaluated
(n=59)

Full-text articles excluded (n=19), based on:
A sample size <10 (n=9)
. A methodology (n=7)
A duplicate sample (n=1)
A secondary analysis, without additional
information provided (n=2)

Studies included in the
systematic review
(n=40)

Fig.1: Flowchart ofstudy selection according to systematic review process
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Authors Year Type of patients evaluated CA (inweeks) Change in sleep variables in cases in respect o controls/control conditions
TST SE Al SL SWS ool 05A%
Healthy pregnancy
Lzci-Balserak et al. [34] 2018 Healthy pregnant women in the first (controls) 12,05 + 1.80(controls) l l ! T
compared to the third trimester (cases). 3361 + 256 (cases)
El-Helbawy et al. [39] 2017 Healthy pregnant women (cases) and healthy 2303 + 8 B8 (cases) T
non-pregnant women (controls).
Rimpila et al. [29] 2017 Healthy pregnant women (cases) and healthy 331 l l !
non-pregnant women (controls)
Wilson et al. [30] 2011 Pregnant women in the first and third trimester  Controls and first trimester (9—14) vs. t t
of pregnancy (cases) and healthy non-pregnant  third trimester (30-38)
controls (controls). Controls vs third trimester (30-38) l l t
Trakada et al. [43] 2003 Healthy pregnant women pre- (cases) and 36 (cases) - -
postpartum (controls ). 4—6 mo PP (controls)
Lee et al. [32] 2000 Healthy women pre-, during and after Pre-pregnancy (controls) t l l
pregnancy. 11-12 (cases)
35-36 [cases) t t l
3—4 wk PP (controls)
Hertz et al. [28] 1992 Healthy pregnant women (cases) and non- 30-38 l
pregnant healthy women (controls).
disorders of oy
Suri et al. [59] 2018 Pregnant women with PEand/or GH (cases)and 349 + 1.7 (cases) T T
healthy pregnant women (controls ). 357 + 2.0 (controls)
Wilson et al. [56] 2018 Pregnant women with GHJPE (cases) and 335 + 3.4 (cases) t
healthy pregnant women (BMI and CA match, 33.1 + 2.4 (controls)
controls).
Reid et al. [55] 2016 Pregnant women with GH (cases) and healthy 342 + 3.3 (cases) l
pregnant women (controls ). 345 + 3.2 (controls)
O'Brien et al. [52] 2014  Pregnant women with CHTN, GHT and PE 246 + 8.1 (cases, cHT) T
{cases) and healthy pregnant women (controls).  33.0 + 2.9 (cases, GHT)
30.1 + 4.2 (cases, PE)
338 + 3.8 (controls)
Blyton et al. [69] 2013  Pregnant women with PE (cases) and healthy 333 + 3.5 (cases) 1
pregnant women (controls ). 339 + 2.0 (controls)
Reid et al. [53] 2011 Pregnant women with GH (cases) and healthy 347 + 3.2 (cases) l l t
pregnant women (age and GA match, controls).  34.7 + 2.6 (controls)
Blyton et al. [68] 2004  Pregnant women with PE (cases), 50% with 33 + 4 (cases)
CPAP, and healthy pregnant women (controls) 34 + 2 (controls)
Edwards et al. [54] 2001  Pregnant women with OSAS and PE (cases) and 34 + 1 (cases)
normotensive pregnant women with 0SA 32 + 2 (controls)
{controls).
Edwards et al. [57] 2000 Pregnant women with PE (cases) and 33 + 1 (cases) 1
normotensive healthy pregnant women 4 + 1 (controls)
{controls).
Gestational diabetes mellitus
Bisson et al. [61] 2014 Pregnant women with newly diagnosed GDM 316 + 1.4 (cases)
and BMI = 35 (cases) and healthy pregnant 323 + 1.0(controls)
women matched for GA, BMI and age (controls ).
Lzci Balserak et al [62] 2013 Healthy pregnant women stratified for the 12+ 21
presence (cases) and absence (controls) of GDM,  3rd trimester
PSC in first trimester and third trimester.
Reutrakul et al. [60] 2013  Pregnant women with GDM (cases), healthy 33.3 + 3.5 (cases) l - - -
pregnant women (controls). 33.9 + 2.0 (controls)
Healthy pregnant women (cases) and healthy 33.9 + 2.0 (cases) B 1 - s
non-pregnant women (controls).
Clinically suspected OSAS or risk factors for OSAS
Bourjeily et al. [40] 2014  Pregnant women with suspected OSAS (cases)  26.6 + 7.6 (cases) l “ - - 1
and healthy non-pregnant women matched for
age, BMI and AHI (controls).
Edwards et al. [44] 2005 Pregnant women with suspected OSAS (cases) 33 + 2 (cases) - 1 1 1
and postpartum (controls). 4 + 2 mo PP (controls)
Maasilta et al. [42] 2001 Obese pregnant women (cases) and normal- >12 - - 1 - o 1
weight healthy pregnant women (controls). >30 - - 1 - - T
Guilleminault et al. [38] 2000 Pregnant women with chronic snoring andfor 24 o 1
Sa02 drop > 5% in a screening examination
(cases), and healthy pregnant women matched
for age and BMI (controls).
Restless legs syndrome
Dzaja et al. [45] 2009 Pregnant women with RLS (cases) and healthy ~ 35.9 + 1.9 (cases and controls) - - -

pregnant women (controls).

AHI — apnea/hypopnea index, Al — arousal index, BMI — body mass index, CHTN — chronic hypertension, CPAP — continuous positive airway pressure, GA — gestational age, GHTN — gestational hypertension, GDM — gestational
diabetes mellitus, ODI — oxygen desaturation index, OSA — obstructive sleep apnea, PE — pre-eclampsia, RDI — respiratory disturbance index, REM — rapid-eye-movement sleep, RLS — restless legs syndrome, TST — total sleep
time, SE — sleep efficiency, SL — sleep latency, SWS — slow-wave sleep, PP-post partum, mo- months, wk- weeks.

Table 1: Changes in sleep variables in pregnancy and pregnasrejated complications

Polysomnographic findings

Sleep structure

Subjective perception of poor sleep quality reported by women across gestation is related to objective
changes in sleep structure. We found three crossectional studies investigating the differences in sleep

parameters of pregnant women vs. nofpregnant cntrols.

Hertz et al. reported a significantly decrease in SE, due to a substantial increase in WASO and number of
awakenings in 12 women during late pregnancy compared to 10 ageatched non pregnant controls

[28]. NREM sleep stage S1 was also increasedthe pregnant group with, in turn, a decrease of both
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REM sleep and SWS. Rimpila et al. obtained similar results studying 18 healthy pregnant in the third

trimester, compared to 12 nonrpregnant controls [29].

In a larger PSG investigation (27 women irhe first trimester of gestation, 21 in the third trimester, and

in 24 healthy non-pregnant controls), Wilson et al. [30] confirmed women during the third trimester
having poorer SE, more awakenings, less stage 4 sleep, more stage 1 sleep and fewer mispest in

REM sleep compared to control group. Interestingly, higher progesterone levels within thirtimester
women were associated with an increase in WASO and arousals. Three studies assessed changes in sleep
parameters in the same individuals across # perinatal period in a longitudinal setting. Coble et al. [31]
performed PSG at three time points during pregnancy and two during the postpartum, comparing
pregnant women with (n = 13, in remission) vs. without (n = 20) a history of affective disorders.hey

found that women with a previous depression have a longer TIB and TST in early pregnancy, an earlier
onset and more pronounced sleep disruption, as well as a reduced Ridfency in late pregnancy,

compared to control women.

Lee et al. [32] examined wmen during the follicular phase (n = 33), the first (n = 33) and third trimester
of preghancy (n = 29), as well as postpartum (n = 29). Changes were already evident in the first
trimester, with an increase of TST, decrease of SE and a marked reduction WSSduring pregnancy,
compared to prepregnancy baseline. No variation in REM sleep was noted. These changes remained

relatively stable in the course of pregnancy and improved after delivery.

In a secondary analysis of their 2013 dataset [33], |Iz8alser&k et al. [34] evaluated changes in sleep
architecture and spectral EEG bands during pregnancy in 123 women who underwent PSG in early
pregnancy and in 97 of them also in late pregnancy. They found a shorter sleep duration, poorer SE,
more awakenings, morestage N2 sleep, less SWS and REM sleep in late compared to early pregnancy,
thus partially replicating the results from one of the first longitudinal studies on PS@ssessed sleep

across pregnancy [35].

In summary, changes in sleep structure during pregmey seem to mainly affect the third trimester of
gestation, which is generally characterized by a shorter sleep duration and a more disrupted sleep, with
an increased number of awakenings and superficial sleep stages, as well as a reduction of SWS and REM
sleep. These findings are more evident when comparing pregnant women with ngregnant controls,

but they have also been recently confirmed in the same individuals recorded at early and late GA [34].

Breathing pattern

Sleepdisordered breathing (SDB)is estimated to affect 10- 32% of pregnant women, depending on its
definition [36]. Obstructive sleep apnea (OSA), in particular, is estimated to be a frequent condition

during pregnancy, with a pooled worldwide prevalence of 15% (95% CI 1218%), and it has been
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associated with gestational hypertension, gestational diabetes, piexlampsia, Csection, postoperative

wound complication, and pulmonary edema [37]. Moreover, OSA is related to an increased risk for
preterm birth (aOR = 1.62) and neonatal intensig care unit admission (aOR =1.28) [37]. Based on these
findings, the analysis of respiratory parameters in pregnant women has become the main target of sleep

research studies.

Guilleminaut et al. [38] screened 267 healthy pregnant women with a normal BNM23.7 + 0.8 kg/m2 at
study entry) regarding the presence of daytime sleepiness and snoring. A selected subgroup based on
stratified questionnaire results (n = 26) underwent overnight PSG. None of the subjects showed an
apneahypopnea index (AHI) > 5/h butchronic snorers presented breathing abnormalities such as
esophageal pressure crescendos in S1 and S2 and abnormal sustained effort during SWS, which were
associated with higher systolic and diastolic blood pressure increases, as well as a ftpper profile in

the 24-hour blood pressure (24 kBP) recordings (six out of 13 snorers).

Small crosssectional studies in pregnant women compared to nopregnant controls also reported
slightly decreased mean and minimum oxygen saturation (Sa02) values but no diffnces in AHI

and/or oxigen desaturation index (ODI) or transcutaneous carbon dioxide (TcCO2) levels [28,29].

However, EtHelbawy et al. [39], examining 30 primiparous pregnhant women vs. 30 agaatched non
pregnant controls found a higher mean AHI (4.3841 + 4.45 vs. 1.77/h £ 1.2), ODI (3.72/h £ 4.03 vs.
2.27/h £ 1.11), and snoring index (8.19/h £ 6.87 vs. 1.08/h £ 1.75) in the pregnant group. Among
pregnant women, 36.7% had a mild OSA and 53.3% were snorers. Patients with OSA had a significantly
higher GA BMI, a larger neck circumference, a higher ODI, flow limitation index, snoring index, and
Epworth sleepiness scale (ESS) score compared to healthy subjects. GA and BMI, in particular, emerged

as independent risk factors for OSA during pregnancy, with oddatio of 2.23 and 4.99 respectively.

Izci-Balserak et al. [34], by applying a longitudinal design, found a statistically significant increase in
AHI (2.09/h = 3.17 vs. 3.41/h £ 4.60, p < 0.002) and OSA cases [AHI>5 events/h; n = 14 (11.38%) vs. n
= 26 (26.80%), p < 0.004] during late compared to early pregnancy.

An elevated BMI has been often associated with a higher risk for developing SDB during gestation. To
assess pregnancy as an independent risk factor for SDB, Bourjeily et al. performed a third trimester PSG
in obese pregnant women (BMI 44.1 + 6.9) compareitd BMI- and agematched nonpregnant controls
[40,41]. AHI and oxygen desaturation showed no differences between groups, with 8/25 within the case
group qualifying as OSA (AHI > 5/h). However, pregnant women had significantly more flow limitations

during TST and in each sleep stage compared to controls.

Maasilta et al. [42], compared obese with normal weight women, during early and late pregnancy. They

found no difference in sleep structure, but an increase in AHI (1.7/h vs. 0.2/h; p < 0.05), RDI (7.4/h.vs
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0.8/h; p <0.001), ODI (5.3/h vs. 0.3/h p < 0.005) and snoring time (32% vs. 1%, p < 0.001), as well as a

worsening in sleep related breathing parameters in the obese group.

Pien et al. [33] studied 105 women (mean BMI 33.4 + 6.4) during the first anthird trimester of
pregnancy. The mean AHI increased across gestation from 2.07 events/h to 3.74 events/h. BMI and
maternal age at the beginning of pregnancy positively correlated with the occurrence of OSA in late
pregnancy. Moreover, in a secondary anasjs of the same cohort [34], including 123 women recorded

in early and 97 also in late pregnancy, the authors reported a higher AHI (3.41/h £ 4.6 vs. 2.09/h + 3.17)
and a higher periodic leg movements during sleep index (PLMSI) index (5.62/ h £ 12.65 vs4Zh +
6.23) in late compared to early pregnancy. Also in this cohort, the increase in AHI was conceivably
related to the increase in BMI, with values of 30.56 + 7.22 kg/m2 in early vs. 33.3 + 6.25 kg/m2 in late
pregnancy (p < 0.001).

Trakada et al. [43]studied 11 healthy pregnant women at 36 wk of gestation and again at-46 mo
postpartum with measurement of Partial pressure of oxygen (PaO2) every two hours. The AHI was
significantly lower during late pregnancy compared to postpartum (5.81/h £ 2.1 vs12.1/h £ 2.7, p <
0.05) with a longer mean duration of apneas/hypopneas in the postpartum period. The overall mean
Sa02 (%) did not differ between the two timepoints, but the mean PaO2 (%) in supine position was
significantly lower in the antenatal periodcompared to the one in postnatal period (90.1 £ 0.6 vs. 99.2
+ 0.4, p < 0.001). Edwards et al. [43] investigated 10 pregnant women (BMI 30 + 3 kg/m2) with OSA
diagnosed in the third trimester with a second PSG 4 mo after delivery (BMI 27 £ 3 kg/m2). Women
were treated with CPAP until delivery. The postnatal recordings showed consistent improvement of
both AHI (63/h £ 15 vs.18/h + 4, p = 0.03) and minimum Sa02 (86% + 2% vs. 91% * 1%, p = 0.01) with
reduced severity of blood pressure responses to apneas (170180 mmHg vs. 130e140 mmHg),
contrasting results of previous studies [43]. No significant relationship between changes in either

weight or BMI from the antenatal to the postnatal sleep studies and changes in AHI were found.

Periodic limb movements dunig sleep (PLMS)

Few studies reported data on PLMS [280,34]. Most of them found no [2830] or only a clinically nor+
significant increase [34] of the PLM8ndex measured across normal gestation or compared to nen

pregnant controls.

Dzaja et al. [45] studed 10 pregnant women with RLS and 9 without RLS around the 36th wk of gestation
and 12 wk postpartum. Women with RLS showed more PLMS before (s = 6.11, p < 0.05) and after
delivery (F113= 3.21, p < 0.1) than controls. In particular, during pregnaryg PLMS were significantly
more frequent in the RLS group in wake (f13=7.19, p < 0.05), S1 (k3= 11.72, p = 0.005), and S2 (ks
=4.87, p <0.05) sleep stage. Interestingly, subjects affected by RLS also had higher blood estradiol levels
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during pregnancy compared to controls. However, there was no correlation between PLMS index and
RLS severity within the RLS group. Overall, PLM activity showed a negative correlation with estradiol
levels in RLS patients (r =0.66, p < 0.05), but not in the contrbgroup (r = 0.03, ns).

Subjective and other objective sleep assessment vs. polysomnography

Zhu et al. [23] analyzed the agreement between actigraphy and PSG in estimating basic key sleep
parameters (TST, SE, WASO and sleep onset latency (SOL)) of 3t pregnant women during the
third trimester. The best correspondence to PS@erived parameters was obtained by using the 10
immobile/mobile minutes for sleep onset/end with an activity threshold of 10 (10-by-10), while the

default scoring setting (16by-40) provided significantly different results from the PSG (p < 0.01).

By examining possible discrepancies between subjectively reported and objective PSG parameters in 33
women in the third trimester of gestation, 16 in the first trimester, and 15 normpregnant women, Wilson

et al. [46] found that the first group slightly over estimated TST, whereas the second and third groups
tended to underestimate TST. Sleep latency was overestimated by all groups and corresponded closest

to the first epoch of 10 minuninterrupted sleep or first epoch of SWS.

The same group later screened 380 pregnant women during the second trimester by means of the Berlin
Questionnaire (BQ) and the Multivariable Apnea Risk Index (MARdex) [47]. Forty-three participants
repeated the questionnaires and additionally underwent PSG at 37 wk of gestation, which in 15 cases
(35%) showed an RDI>5/h. Overall, both the BQ and the MARdex had low to moderate predictive

value and were judged inadequate as screening instruments for SDB in gr&ancy.

In a recent secondary analysis of their previous longitudinal study [33], Balserak et al. [48] tested the
predictive value for OSA of the Sleep Apnea Symptom Score (SASS) vs. a combined model incorporating
guestionnaire data with clinical measures in 94 women not meeting the diagnostic criteria for OSA
according to PSG in the first trimester of gestation. In the third trimester, 17 women (15.98%) had
incident OSA (AHI>5 events/h). The mean SASS administered in the first trimester showed acceptable
validity and reliability to predict OSA. However, when adding maternal age, BMI, and bedpartrer

reported information, the combined model performed better than the SASS alone in predicting OSA.

Finally, Sharkey et al. [49] and O'Brien et al. [50] testedh¢ validity of two portable devices, compared
to PSG, for the assessment of SDB during pregnancy. Both the Apnea Risk Evaluation System (ARES) [49]
and the WatchPAT-200 wrist-worn screening device [50] showed good sensitivity and specificity in the

identifi- cation of SDB among pregnant women.
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Polysomnographic findings in pregnhanaglated complications

It is estimated that about 5% of all pregnancies are affected by the occurrence of gestational
complications, ranging from minor diseases to potentially lifehreatening conditions for both mother
and fetus [51].

Sleep disorders during pregnancy may plag role in inducing or exacerbating gestational complications,
but these, in turn, may also deteriorate sleep. Few PSG studies addressed the topic of sleep in women
affected by typical pregnancyrelated complications, such as gestational hypertension (GHTN)
preeclampsia (PE), and gestational diabetes (GDM), with the aim to shed more light on the bidirectional

relationship between sleep and health problems occurring during pregnancy.

Hypertensive disease of pregnancy (HDP)

Three studies examined sleep itHDP. O'Brien et al. [52] studied 51 pregnant hypertensive women, of
which 59% with chronic hypertension (CHTN), 23% GHTN and 18% PE, compared to 16 pregnant
healthy women. Subjects belonging to the hypertensive group had a mean BMI>30 kg/us. 28.1 + 4.7

of the control subjects. Snoring was significantly more reported by hypertensive women (n = 31; 61%)
compared to controls (n = 3; 19%). Snoring hypertensive women had a significantly higher AHI (19.9/h
+ 34.1 vs. 3.4/h £ 3.1, p = 0.013), a significantlywer SpO2% nadir (86.4% * 6.6 vs. 90.2% * 3.5, p =
0.021) and were significantly more likely to have undiagnosed OSA (AHI>5; 53% vs. 24%, p = 0.03), than
non-snoring hypertensive women. Thus, the authors pointed out that pregnant women presenting with

a combination of hypertension and snoring are at risk of developing OSA with clinically significant

oxyhemoglobin desaturation.

Reid et al. [53] investigated 34 obese pregnant women with GHTN, compared to 26 healthy pregnant
women. Sleepdisordered breathing (SDB) was significantly more frequent in the cases compared to the
controls (53% and 12% respectively, p < 0.001). Nocturnal bloe@ressure monitoring showed no group
specific differences in hemodynamic response to respiratory events including flow limitatins,
contrasting the results from another recent study by Edwards et al. [54]. However, in both groups, upper
airway obstructive events of any severity were associated with a substantial transient blood pressure

response, as shown by a later secondary amais of the dataset [55].

Wilson et al. [56] compared obese women with HDP with normotensive pregnant controls matched for
BMI, age and gestational age. SDB was found to be more common (52.5% vs. 37.5%) and more severe
(35% vs. 15% of subjects with RDI>1, p = 0.039) in the HDP vs. control group, although RDI did not
differ (p = 0.20) between groups.
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Pre-eclampsia (PE)

Four studies examined the sleep pattern of women with PE. Edwards et al. [57] performed third
trimester PSG in 25 women suffering fronPE and 17 healthy pregnant control subjects. Preclamptic
patients showed an increase in SWS (43 £ 3% vs. 21 £ 2%, p < 0.001), a longer REM sleep latency (205
+23vs. 92 + 11 min, p < 0.001) and a reduced RES\&ep percentage (10 £ 2% vs. 18 + 1%, pG<001).

REMrelated sleep changes were possibly due to clonidine medication in the patient group.

In a later study, the same authors performed PSG in pregnant women in the third trimester suffering
from OSA (n = 10) or both OSA and PE (n = 10) [54]. Bleptkessure responses to obstructive respiratory
events during sleep were significantly increased ipatients affected by both conditions, compared to
normotensive OSA patients. No significant difference between groups in heart rate response was found,
but, as compared to control OSA patients, heart rate did not show any modification during sleep and
wakefulness in PE patients, suggesting a possible alteration in the normal pattern of reduced

sympathetic tone during NREM sleep in this group.

Guilleminaut et al. [58] performed PSG in 12 women with risk factors for PE (hypertension, obesity and
prior PE). None of them had oxygen desaturations >3% but all participants showed significant SDB
(mean RDI 8.5/h £ 2.6). All women received nasal CPAP treatment for the remainder of pregnancy,
which was effective in alleviating SDB symptoms and ameliorating blood pregre control in patients
with pre-existing hypertension, but did not prevent negative pregnancy outcomes associated with

obesity and PE.

Suri et al. [59] conducted a prospective PSG study in 40 patients with PE or GHTN aged 25.3 = 3.9y (mean
GA 34.9 £ 1.4k) and 60 healthy pregnant controls aged 25 + 3.5 y (mean GA 35.7 + 2.0 wk). Pre
pregnancy and present BMI, as well as AHI, snoring, systolic (SBP), diastolic (DBP), and mean (MBP)
blood pressures were significantly higher in cases than in controls. S#as more frequent (p = 0.018;

OR 13.1) and more severe (p = 0.001; OR 1.8) in hypertensive pregnant women vs. healthy pregnant
women, even after controlling for prepregnancy BMI. AHI was significantly associated with blood
pressure, even after adjustmenfor BMI. Therefore, the authors concluded that not only obesity may
play a role in the causation of hypertension and SDB, but also SDB may be implicated in the development

of hypertension (r = 0.612; p = 0.01).

Hyperglycemia and gestational diabetes miglis (GDM)

Three studies examined sleep in women with GDM. Reutrakul et al. [60] analyzed PSG features of healthy
pregnant women, pregnant women with GDM and nepregnant healthy controls (n = 15 individuals for
each group). When comparing pregnant womewith and without GDM, the first group showed a lower

TST (median 397 vs. 464 min, p < 0.02), a higher AHI (median 8.2 vs. 2.0, p < 0.05) and a higher
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prevalence of OSA (73% vs. 27%, p < 0.01). In multivariate analysis, after adjusting for jmregnancy
BMI, the diagnosis of OSA was associated with GDM (OR 6.60). In pregnant women, a higher Al was
significantly associated with higher HbAlc and fasting glucose levels, which, in turn, were positively

associated with ODI.

By contrast, Bisson et al. [61], evahting sleep characteristics of pregnant women with and without
GDM, found no statistically significant differences between groups regarding sleep structure, breathing

variables, and movement parameters.

In their large prospective PSG study, Izci Balserak al. [62] examined the correlation between SDB and
glucose tolerance (measured with Oral glucose tolerance test (OGTT) at enrollment) in a cohort of 104
pregnant women, recorded in the first and third trimester (83 women). No differences in sleep structa

and breathing parameters were found between the hyperglycemia (Glucose challenge test (GCT)>135,
n = 11) and normoglycemia (GCT<135, n = 93) groups. Although RDI and flomitations were not
reported, symptoms of SDB (snhoring 9.3% vs. 45.5%, p < 0.@hytime nap duration 1.49 £ 1.3 hvs. 2.27
+1.4,p=0.07; MARNdex 0.52 £ 0.8 vs. 1.53 + 1.1, p < 0.01) rather than objective breathing parameters

were associated with maternal impaired glucose tolerance.

Adverse fetal outcomes

Sahin et al. [63] peformed third trimester PSG in 35 healthy pregnant women who reported frequent
snoring. Among the four women, who were found to suffer from OSA (mean BMI 37.5 + 8.4, mean AHI
13.5 £ 5.5), two also had GDM and one cardiovascular disease. Three of them shovetal heart
deceleration accompanying maternal desaturation and their neonates had lower APGAR scores, as well

as birth weights compared to those from women without OSA.

More recently, Pamidi et al. [64] explored the relationship between PS@agnosed SB in the third
trimester of pregnancy and delivery of small for GA infants (SGA, defined as growth <10th percentile for
the corresponding GA) in a prospective cohort study of 234 women. Twengeven (12%) women
delivered a SGA infant. SDB symptoms in thditd trimester were found to be not predictive of
delivering an SGA infant and their overall sensitivity and specificity for predicting a PStased diagnosis
of SDB was also poor. By contrast, a P8&sed diagnosis of SDB in the third gestational trimestavas
associated with a significantly increased odds of delivering an SGA baby (using a AHI-affitof 10
events/h, OR 2.65).

In their prospective study, Fung et al. [65] investigated the effects of maternal OSA on fetal growth. Of
371 screened women, 41 gtients (n = 26 highrisk and n = 15 lowrisk) underwent PSG during the
second trimester and subsequent fetal growth assessment in the third trimester. Fourteen women

received a PSGeonfirmed diagnosis of OSA (RDI>5/h). The remaining 27 subjects represeut the
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control group. Impaired fetal growth was observed in 43% of cases, vs. 11% of r@SBA controls (RR
2.67; 1.25-5.7; p = 0.04). Logistic regression analysis identified OSA (OR 6;128.7, p = 0.03) and BMI
(OR 2.52; 1.09- 5.80, p = 0.03) as sigficant predictor of fetal growth restriction. However, when
adjusting for BMI in multivariate analysis, the association did not reach statistical significance (OR 5.3;
0.93-30.34, p = 0.06).

Finally, Kneitel et al. [66] compared women without OSA or ¢rated with PARtherapy in a retrospective
caseecontrol setting. There was no difference between the percentage of infants with growth restriction
(SGA, <10th percentile) from women with or without OSA, although in logistic models the presence of

OSA was pedictive of slowing fetal growth in the third trimester.

Interventional approaches in pregnancy
CPAP during pregnancy

As for nonpregnant women, CPAP is generally considered the firihe therapy for pregnant women

affected by OSA. Three studies objixely assessed the effects of CPAP on sleep during pregnancy.

Guilleminaut et al. [67] treated 12 women with OSA with nasal CPAP (mean AHI 21 events/h, mean RDI
33 events/h). Full PSG was performed at study entry, during CPAP titration, and repeated ah6é of GA.

An additional home monitoring of cardicrespiratory

variables was conducted at 8 mo GA. From the first to the second PSG recording, a moderate worsening
of PLM score and snoring was noted in three women, and CPAP pressure had to be increassid icases.
Subjective measures of sleepiness, fatigue and snoring improved significantly compared to study entry

and CPAP showed overall a good compliance and safety.

Blyton et al. [68] studied the effect of CPAP treatment on blood pressure, heart rate and cardiac stroke
volume in 24 women with severe PE, who were randomly assigned to either receive nasal CPAP (n = 12)
or no treatment (n = 12). PSG was performed on twoonsecutive nights (baseline and treatment).
Objective sleep features were compared between groups and to a healthy pregnant control group (n =
15). The amount of REM sleep (%) was reduced in PE women regardless of treatment status compared
to control subjects (23 + 3, 12 £ 6, and 12 £ 7% of TST in control, 4@PAP, and CPAP subjects,
respectively, p < 0.001). The RDI was slightly increased in both PE groups compared to control subjects
(9 £ 4 events/h, 19 + 10 events/h, and 22 + 23 events/h in control, nonCPAP, and CPAP subjects,
respectively, p = 0.10) and all cases showed uppairway flow limitations. Pre-eclamptic women had
increased daytime BP, a reversed nocturnal BP decrement and a significantly lower heart rate in NREM,

as well as a significant derease of cardiac stroke volume during sleep compared to control cases.
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Furthermore, total peripheral vascular resistance was heightened, and cardiac output reduced. All the

above-mentioned variables improved or normalized with CPAP treatment.

The same athors [69] also performed third trimester PSG in 20 women with PE and 20 healthy
pregnant women (BMI 31.9 = 3.2 vs. 30.6 = 2.5 kg/m2, p = 0.15). Preeclamptic patients showed
significantly more flow limitations, higher AHI and increased number of oxygen dasuration especially
during REM sleep, compared to controls. Fetal wellbeing, measured by movement pattern and hiccups,

was also significantly reduced in PE patients and responded to CPAP.
Positional therapy

In the third trimester, the majority of pregnant women spend up to 25% of TST in supine position [70
72], which is considered to be a risk factor for still births (SB), with an attributable risk between 3.7%
and 37% [73,74]. Avoiding supine position during sleep in pregnant women could therefore

significantly reduce the occurrence of late SB.

Kember et al. [75] performed a twenight, in-lab, PSG study with a crossver design in 20 pregnant
women in the third trimester, in order to evaluate the effect of a positional therapy device (PrenaBelt),
compared to a sham device, in discouraging healthy pregnant women to sleep in supine position.
Considering all available recordings (n = 40 nights), the median percentage of sleep time spent in supine
position was reduced from comparable low baseline values d6.4% on the sham night to 3.5% on the
PrenaBelt night (p = 0.03), with overall good compliance and tolerability. Sleep macrostructure and
sleeprelated breathing and movement parameters did not significantly differ between groups and

remained within the normal range, as expected in this lowisk population.

Quantitative analysis (metaanalysis)

Five studies reporting TST and six reporting SE were selected for inclusion in the metaalysis. Results
are presented as forest plots in Figs. 2 and 3. TST swaverall significantly reduced from the first to the
third trimest er of pregnancy by 26.8 min (pooled WMD, 95% CI = 12.141.56).

Similarly, SE was reduced between first and third trimester by 4% (pooled WMD, 95% CI = 1-5865).

A significant statistical heterogeneity between studies was found for both sleep parameters evaluated
(12>50%). Egger's test detected no significant publication bias for studies reporting TST (p > 0.1), but a
possible publication bias for studies reporting & (p = 0.072).
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Fig. 2. Forest plot of studies reporting TST included in metanalysis

Fig. 3. Forest plot of studies reporting SE included in metnalysis

Discussion

Changes in sleep structure during pregnancy, as objectively measured by PSG, mainly consist in a
reduction of sleep duration (TST), due to an increase of WASO, and in a transition from N3 and REM
sleep to more superficial NREM sleep stages (N1, N2) [28,29]s a result, mean SE is diminished and

sleep is perceived as notrestorative across gestation [30].

These findings become particularly evident in the third trimester and are confirmed both by studies
comparing pregnant with agematched nonpregnant women, and by a recent large analysis of PSG data

collected among the same mothers during early and late pregnancy [34].

Hormonal variations can only partially explain these alterations, which should instead be ascribed to a

series of concurrent factors, intuding anatomical/mechanical changes and psychological variables [31].
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