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Abstract

Physical and psychological complaints especially towards the end of pregnancy can lead to a
disruptive night sleep and sleep deficits in pregnant women. Sleep deprivation can often be
restored by NREM sleep taking over REM sleep, but sleep disruption reduces the ability to
produce high amplitude slow waves in NREM sleep and therefore has long lasting effects.
Hormonal changes during pregnancy can affect sleep architecture. Estrogen decreases time
spend in REM sleep while progesterone increases NREM sleep. The suppression of REM sleep
might be beneficial as it stabilizes both maternal and fetal autonomic nervous functions such as
blood pressure, heart rate, and respiratory rate. Sleep deprivation increases the allostatic load
and is considered both a result of stress and a stressor per se.

During pregnancy, the hypothalamic-pituitary adrenal axis (HPA axis) is hyporesponsive to stress.
This adaptation occurs at several levels, including a reduced positive feedback of glucocorticoids.
During pregnancy the maternal innate immune response is also restrained, to protect the half-
foreign embryo. Pregnancy hormones in relation with the HPA axis and the maternal immune
response cause cognitive changes in the maternal brain that have positive effects on maternal
behaviour from an evolutionary perspective. Sleep deprivation increases HPA axis activity and
inflammation, which takes away the buffer of the mitigates stress response. This could prevent
evolutionary beneficial cognitive changes and even lead to adverse pregnancy outcomes such as
Postpartum Depression. To improve sleep quality during pregnancy, cognitive behavioural
therapy or pharmacotherapy can be considered.

In conclusion, the interaction between pregnancy hormones, the HPA axis response and the
immune system are the main mediators causing the negative neurobiological, cognitive and
behavioural effects of maternal prenatal sleep deprivation.
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Chapter 1: Preface

1.1 Introduction

Pregnancy is for most woman a very special experience and growing life inside their bodies can
have a big emotional impact. It can be the reason for a lot of excitement, fears, concerns,
guestions, curiosities and the making of life-changing decisions. Some women think pregnancy is
the most beautiful experience one could ever be part of, while others hate the nine month process
because of how brutal it can be for the body. Complaints like backache, constipation, faintness,
indigestion, incontinence or leg aches and crams are quite common (‘NHG Pharmacy’, n.d.). All
these physical burdens, combined with emotional factors like anxiety, can make it very difficult for
pregnant women to get a good night’s sleep.

The well-known side effects and complaints of pregnancy are not the only causes of sleep deficits
in pregnant woman. The environment and social context we live in also have a great impact, of
which negative associations are often stronger for women than for men (Hale et al., 2015).
People cannot do without sleep for lengthy periods of time but they can compress sleep duration
as a result of a demanding working and/or family life (Chatzitheochari & Arber, 2009).
Chatzitheochari & Arber found an inverse relationship between working hours and sleep duration
(2009). Due to the invention of artificial light, it makes it easy for us to stay longer awake and to
ignore and manipulate our natural sleeping rhythm so that we eventually develop a sleep deficit
(Kantermann, 2013).

More women have a fulltime job nowadays and want to continue working as long as possible
during their pregnancy, because it is better for their career, or because then they will have more
time free from work after delivery. All these factors can lead them to feel more stressed and get
less sleep during their pregnancy (reviewed in: Cappuccio et al., 2010).

We know that sleep is crucial for a healthy life. It might seem that human sleep is a period in
which our brain and body rests, but this is not the case (Meerlo, et al., 2015). When we sleep our
body and brain are metabolically very active so that all systems, organs, tissues and mind can be
supported or compromised. Sleep boosts our immune system, balances metabolism and
hormones, regulates blood sugar levels and blood pressure, combats fatigue and supresses
cancer cell growth. The effects of sleep on our brain can aid in problem-solving, influencing
memory retention, the ability to concentrate, regulate emotions, improve coping skills and inspire
creativity (Mosey, 2020).

Especially the studies where the effects of sleep deprivation were studied, show us the
importance of sleep, as they almost all conclude that lack of sleep has negative outcomes (Scott
et al., 2006; Guadagni et al., 2014; Boonstra et al., 2007). Therefore, when pregnant women get
less sleep, this might also affect their mental and physical health. The effects of sleep deficit may
be even more disastrous in pregnant women than in non-pregnant women. The pregnant body is
in a constant challenging state of maintaining a homeostasis that allows the fetus to get as much
resources as possible, without neglecting or destroying the needs of the mother. This costs a lot
of energy and makes the body and mind vulnerable to experience the negative effects of sleep
much sooner than non-pregnant women do (Ziomkiewicz et al., 2018).

In short, a lot of factors are involved in developing a disturbed sleeping pattern and eventually a
sleep deficit in pregnant women. Sleep deprivation can have negative outcomes for both the
mother and the child. This thesis will focus on maternal prenatal sleep and its heurobiological,
cognitive and behavioural effects in pregnant women.



Chapter 2: Maternal sleep during pregnancy

2.1 Regular sleep behaviour

Sleep is a behaviour that can have a varying presence, quality, intensity and function between
species and across the lifespan (Siegel, 2009). In many animal species sleep is a way to
maximize energy savings by reduced body and brain energy consumption and increased survival
by seeking out a safe sleeping site instead of just wandering around. When we are awake, we
respond to our environment and all its impulses. We make use of our senses and use the
information we get to adjust our behaviours. During sleep, depending on the sleep phase, we do
not really respond to our environment anymore, and physiological and biochemical changes
inside the body occur (Pace-Schott, et al., 2002). Hormones are released and a variety of
recuperative processes are conducted, that among other things support brain function (reviewed
in: Frank, 2006). Some species like marine mammals, terrestrial animals and birds that migrate
for long distances, or large herbivores and animals with exposed sleeping sites seem to be able
to perform these recuperative processes when they are awake, but humans have to be asleep
(Siegel, 2008).

As we are sleeping 1/3 of our lives (Aminoff et al., 2011), it is reasonable to say that sleep plays a
very prominent part in human life. Although everyone deals with sleep every day, the reason why
we sleep remains a bit mysterious. There are a lot of theories, and there is a rising amount of
research conducted on this subject of which some researchers focus only on portions of sleep
behaviour, while other researchers take a more holistic approach. Despite the wealth of research
on sleep, there still remains a lot unknown.

The sleep-wake cycle is controlled by intrinsic biological clocks that determine the timing of daily
biochemical, physiological, and behavioural changes. Our circadian clock has a 24 h cycle and
can be resynchronized or entrained by external cues such as the light to dark cycle or by internal
cues like the pineal hormone melatonin (Pace-Schott, et al., 2002). When disruptions in this
circadian system occur due to things like shift work, jet lag, and lifestyles, it can impair cognitive
function (Reid et al., 2011). In mammals, the main circadian regulator in the brain is the
suprachiasmatic nucleus (SCN). This bilateral hypothalamic nucleus lies immediately above the
optic chiasm (Klein et al., 1991), and determines the timing of sleep-wake cycles while
simultaneously synchronizing many other local brain clocks to a complementary circadian rhythm
(reviewed in: Kyriacou & Hastings, 2010). Neurochemical distinct nuclei located in the basal
forebrain, preoptic area, lateral hypothalamus, and brainstem are for example part of intricate
neurocircuitry that are anatomically linked to the SCN (Saper et al., 2010). These brain areas
induce and maintenance arousal and the different sleep stages (Mong et al., 2011). During a
typical full night of sleep the brain switches between these different sleep stages for a couple of
times in a cyclic manner (Feinberg & Floyd, 1979). This can be measured with the help of an
EEG (electroencephalogram) (Teplan, M., 2002). An EEG measures voltages generated by the
currents that flow during synaptic excitation of the dendrites of many pyramidal neurons in the
cerebral cortex, which lies right under the skull and makes up most of the brain’s mass. It takes
many thousands of underlying neurons, activated together, to generate an EEG signal big
enough to be measured at all. Therefore, the amplitude of the EEG signal is strongly dependent
on how synchronous the activity of the underlying neurons is. With an EEG the electro-activity in
the brain can be measured, of which human have a few dominant frequencies (Bear, et al.,
2016).

Human frequencies of electro-activity can be divided into two main forms of sleep that are very
different and both have their own function: rapid-eye-movement (REM) sleep and non-rapid-eye-
movement sleep (NREM) in which slow wave activity (SWA) takes place. About 25% of the total
sleep time is spent in REM and 75% is spent in NREM (Bear, et al., 2016). In the REM sleep
state, the EEG looks very active. It is a state in which the body, except for your eyes and
respiratory muscles, is immobilized, and in which you can have vivid, detailed dreams. During the
NREM sleep period, movement is minimal, temperature and energy consumption is lowered and
parasympathetic activity increases (Siegel, J. M. 2005). While REM sleep contains only one state,
non-REM sleep can be divided into 4 different stages that are varying from light to deep sleep as



you can see in figure 1 (Bear, et al., 2016). Stage 1 sleep is the lightest and the sleep stage in
which the transition of wake-sleep is made. Stage 2 sleep is slightly deeper and one of its
characteristics include the 8-14 Hz oscillation of the EEG, which is generated by the thalamic
pacemaker and called the spindle. Stage 3 sleep, is deeper and shows large-amplitude, slow
delta rhythms. Then at last, stage 4. This is the deepest stage of sleep, with large EEG rhythms
of 2 Hz or less. When all these 4 stages have been gone through, the sleep will be lighter again
and stage 3, stage 2 and stage 1 occur where after REM sleep with its fast EEG beta and gamma
rhythms and sharp, frequent eye movements begins again. The amount of NREM sleep each

cycle is in the beginning of the night high, but decreases gradually as sleep progresses (Bear, et
al., 2016).

‘ ’ 50 to 70 minutes 5 to 15 minutes

: |
Awake
and Alert: vttt
Beta brain waves sl K !
o e:ﬁ complex
spin —
but Drowsy: | | _— i
Alpha brain T il
waves Stage 1 "Jv‘l‘\‘fél & WO 0
NREM S|eefp: w b
Mixture of
alpha and theta Stage 2 1 \’ﬁ#h[k J\/\\‘:
brain waves  NREM Sleep: [V s
Sleep spindles,
K complexes, Stage 3
theta brain waves, NREM Sleep:
and begi""ings Mixture of
of delta waves theta and delta Stage 4

brain waves NREM Sleep:

Delta brain waves

Fig. 1. Sleep stages with respect to EEG. Different characteristics of EEG rhythms are visible for each sleep stage
together with the time spent in NREM and REM sleep. (Chaberova, 2017).

When we experience sleep loss, we compensate for this sleep loss the next time we sleep by
increasing the amount of NREM sleep. After short sleep deprivation the SWA also increases
which can totally recover the sleep lost within a couple of hours. In principal, there is a clear
relationship between the waking duration and the amount of SWA in NREM sleep, but there are
also observations that indicate that the occurrence of SWA in NREM sleep can change during a
life time. These changes all occur without affecting sleep homeostatic responsiveness (Deboer,
2013). The quality of sleep and waking in contrast, might be a factor that has an influence on the
homeostatic responsiveness. Disturbed sleep reduces the ability to produce high amplitude slow-
waves in NREM sleep (Deboer, 2013), which might have negative consequences concerning
metabolism, endocrine functions and immune function (AlDabal, 2011), but also mood regulation,
motor function and cognitive performance such as executive attention, working memory, and
divergent higher cognitive functions (Durmer & Dinges, 2005).



2.2 Sleep and pregnancy

According to the National Sleep Foundation, adults need 7 to 9 hours of sleep per 24 hours
(National Sleep Foundation, n.d.). The need for sleep and sleep duration varies between
individuals and could depend on age (reviewed in: Mander et al., 2017), gender (Mallampalli &
Carter, 2014) and also in pregnancy (Won, 2015). The reproductive state of the body of a
pregnant woman changes sleep in many ways, which will be elaborated in chapter 2.2.1. In
general, the quality of sleep worsens throughout pregnancy, mostly because as the pregnancy
goes on, the amount and intenseness of involved physical disturbing factors increase (Fig. 2)
(Sahota, et al., 2003). But next to the physical complaints of being pregnant, hormones can also
have an impact on prenatal sleep. This will be elaborated in subchapter 2.2.2.

2.2.1 Sleep throughout the different trimesters of pregnancy

The duration of a normal pregnancy is 40 weeks and can be divided in 3 trimesters of each 3
months. Each trimester is marked by specific fetal developments and maternal physiological
changes (UCSF Health, n.d.). When we compare the way women of these different trimesters
sleep, there are some variations visible.

In the beginning of pregnancy, the first
trimester: 0-13 weeks, women tend to
sleep more than they did before v ——
pregnancy. Women often feel very tired upper airways

* Increase in minure
ventiladon
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and they start to feel the effects of v I
pregnancy on their bodies. This makes
the realization of the pregnancy easier,
which could bring psychological stress
and fear. Complaints of fatigue and/or
nausea are in this trimester associated
with disturbed sleep (Pien & Schwab,
2004). The total hours of sleep at night
increase with 0.7 hours during the first
trimester, but the sleep efficiency
decreases together with NREM and SWA
compared to the prepregnancy period. It
seems like the longer sleep duration is
necessary to compensate for the
decreasing sleep efficiency (Oyiengo, et
al., 2014). During the second trimester of
pregnancy (14-26 weeks), the amount of
sleep begins to go back to the amount it
used to be before the pregnancy. This is
beneficial for the women because they

feel less tired throughout the day. But when
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Fig. 2. Factors influencing sleep during pregnancy. A variety of
hormonal, physiologic, and physical changes could contribute to sleep

the prggnancy goes On the \_Nome_n tend to disturbances during pregnancy (Sahota, et al., 2003).
experience more physical disturbing factors

that can cause more nocturnal awakenings than usual. In the third semester (27-40 weeks), these
factors become at their worst and could involve snoring, restless legs syndrome, frequent urge to
urinate, backache, fetal movements, heartburn or discomfort in general. The amount and intensity
of physical disturbing factors will only increase during pregnancy until the number of awakenings
is two-folded from pre-conception to the third trimester. This indicates a lower sleep efficiency in
late pregnancy than in a non-pregnant control group (Baratte-Beebe & Lee, 1999).

As explained above, during pregnancy there is a drastic change in the duration of sleep, where
sleep duration during the first semester significantly increases, but shows a big decrease towards
the end of pregnancy (Hedman et al., 2002). The reason for this change is often for a large part
due to the physical changes, but other less obvious factors like psychological stress could be
involved too. The change in the duration of sleep could also reflect specific hormonal changes,
that not only have an influence on the duration of the total amount of sleep, but can also affect the
sleep architecture during pregnancy. Findings of Lee and colleagues show that especially



multipara mothers were quickly able to get into deeper, more restorative stages of sleep after
awakening (2000). This supports the restorative theory of deep sleep in pregnancy, in which deep
sleep takes precedence over REM sleep during opportunities for recovery from sleep deprivation.
Nonetheless, the NREM sleep (stages 3 and 4) was diminished throughout pregnancy in both
multipara mothers and novice mothers compared to baseline and postpartum. Lee and
colleagues also found that the sleep of multiparas before pregnancy was less efficient compared
to nulliparas, even though their children slept through the night, and that at 3 months postpartum
the nulliparas did not return to their prepregnancy sleep patterns (2000). They returned to
baseline characteristics for multipara women (Lee, 2000). This indicates that pregnancy can have
a long-lasting effect on the sleep architecture of women.

2.2.2 Hormonal changes during pregnancy and their effects on sleep architecture

Women experience from puberty to the menopause hormonal fluctuations. When women become
pregnant, there is a major change in these cycle fluctuations. Suddenly the body has to be
prepared for making life and caring for this offspring. The first change that happens is the
production of the hormone hCG (human chorionic gonatropin) by the syncytiotrophoblast after
fertilization and nesting of the fertilized egg in the uterus wall. This hCG production maintains the
corpus luteum and stimulates progesterone production of the corpus luteum for the first 6 to 8
weeks of pregnancy (Pierce, et al., 1963). It has not been shown in humans yet, but Lukacs
showed in a rat model that hCG cause a longer sleeping time and decreased activity level (2001).
Therefore, the observed longer sleep duration during the first trimester of human pregnancy might
be related to the rising levels of the hCG hormone. Progesterone is important during pregnancy
as keeps, among other things, the decidua intact. After 6-8 weeks of pregnancy, the placenta
takes over the production of progesterone. This progesterone is secreted in the maternal
circulation (Davis, 1996) and it has been shown by several studies that progesterone can affect
sleep as it possesses hypnogenic properties (Friess et al., 1997) and diminishes REM latency
(Lee, et al. 1990).

The placenta takes up cholesterol from the mother. Cholesterol is important for fetal growth and
can be converted in the fetal adrenal gland to dehydroepiandrosterone (DHEA). DHEA then goes
back to the placenta which confers it into estradiol and secretes it into the maternal circulation.
Both progesterone and estrogen levels in the maternal circulation are changing throughout
pregnancy (O’Leary et al., 1991). Progesteron and estrogen are important for the fetal growth,
maintenance of pregnancy and preparation for lactation and delivery, but they also have an
influence on the maternal nervous system and can account for specific alterations in maternal
sleep architecture during pregnancy see text below.

Brain areas that are involved in causing NREM sleep are forebrain structures, of which in
particularly the preoptic area (Sherin et al., 1996) and the y-aminobutyric acid neurons located in
the cortex contribute to the generation of slow-wave activity. Cholinergic neurons in the pons are
responsible for the REM sleep state and it accompanying neurophysiologic phenomena (Shouse,
et al., 1992). The onset of REM sleep is also accompanied by cessation of activity in brainstem
noradrenergic and serotonergic neurons (Hobson et al., 1975). The hormonal influences and
mechanical and somatic factors that affect the sleep-wakefulness cycle during pregnancy are
shown in the figure 3 (Fig. 3) (Santiago, et al., 2001).



CNS and the Sleep-Wakefulness Cycle
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Fig. 3. Pregnancy Influences on sleep. The SCN is influenced by light and melatonin. It interacts with brain neurons to
generate a circadian timing for wakefulness and arousal and for REM and NREM sleep. Bidirectional changes in physiologic
states can occur, with the exception of REM sleep and wakefulness. Physiologic and hormonal events in pregnancy
promote (+) or reduce (-) time spent in each state through as yet unclear neural mechanisms. Gl = gastrointestinal
(Santiago, et al., 2001).

Estrogen decreases REM sleep (Nishina et al., 1996), probably by influencing an increase in
brainstem noradrenaline turnover (Heritage et al., 1980). Progesterone, on the other hand has a
kind of hypnotic, sedating or anaesthetic effect and induces sleep (Nishina et al., 1996).
Progesterone specifically increases NREM sleep (Friess et al., 1997), because it facilitates action
of its neuroactive metabolites, such as allopregnanolone on GABAA receptor functioning in the
brain (Lancel et al., 1996). When these GABAA receptors are activated by the ligands, chloride
channels that regulate chloride ion influx, open up and cause a hyperpolarisation of the cell
membrane (Brunton et al., 2014). In the progression of pregnancy rising progesterone levels are
accompanied by increased levels of allopregnalolone both in the blood and in the brain (Concas
et al., 1998). The combination of progesterone and estrogen is synergistic and increases
wakefulness and decreases spontaneous NREM and REM sleep. This can result decrease in
slow-wave sleep or even an absence of stage 4 for during sleep (Hertz et al., 1992). The effects
of progesterone and estrogen are for a part dependent on the time of the day, of which they have
the most significant effect in most rodent species during the dark phase (Hadjimarkou et al.,
2008). As is explained earlier in this thesis in chapter 2.1, sleep can be seen as a homeostatically
regulated behaviour modulated by the circadian clock. Estrogen suppresses REM sleep in the
dark phase and alters the dynamics of REM sleep recovery by suppressing the homeostatic drive
for REM sleep in the active phase. This implicates a role of the circadian system and possibly the
SCN in modulating the effects of estrogen on sleep and arousal (Hadjimarkou et al., 2008).
During REM sleep, autonomic nervous functions such as blood pressure, heart rate, and
respiratory rate, vary greatly (Snyder et al., 1964). The suppression of REM sleep during
pregnancy facilitated by hormones such as estrogen and its metabolites may be favourable
because it stabilizes both maternal and fetal functions (Nishina et al., 1996).



Chapter 3: Effects of change in sleep during pregnancy on the mother

3.1 Mechanisms involved

3.1.1 Sleep deprivation as a stressor

Sleep is crucial for the maintenance

of homeostatic function and Sleep deprivation in relation to allostatic load and pregnancy complaints
counterbalances the negative effects
of stress. Sleep deprivation can

cause inefficient management of the

systems that promote adaptation

through allostasis, which causes an

increased allostatic load (McEwen,
2006). The allostatic load is the
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nervous structures like the amygdala

(Drevets, 1999) and hippocampus (Duman, 2004), brain areas involved with the interpretation
and regulation of stress responses. The effect of sleep loss on the amygdala and hippocampus
cause an extra activation of the stress system and therefore sleep deprivation can be considered
a psychological stressor per se. Maternal sleep deficits experienced during pregnancy may lead
to a vicious cycle, in which chronic sleep loss during pregnancy is considered both the result of
stress and a stressor per se (Fig.4) (reviewed in: Palagini et al., 2014). It contributes to changes
and structural remodelling of brain areas and can therefore contribute to cognitive problems,
which can further exacerbate pathways that will lead to disease (McEwen, 2006).

Important factors for negative pregnancy outcomes due to sleep deficits are the over activation of
the hypothalamic-pituitary-adrenal axis (HPA axis) and impairments of the proinflammatory
system (Palagini et al., 2014). These pathways will be elaborated in the next subchapters.

3.1.2 HPA-axis

Stressors during pregnancy could be physical, for example when pregnant women are in pain
and have backaches, or stressors could be psychological, for example when these women
experience work pressure or fear for delivery and when they doubt their capacities to become a
good mother, but as is mentioned in chapter 3.1.1, disturbed sleep can also be a stressor.
Physical stressors rely mostly on direct brain inputs, whereas psychological stressors are more
processed by limbic brain regions (reviewed in: Herman & Cullinan, 1997). Stress can have a
rapid response which is initiated by the hypothalamus that activates the sympathetic nervous
system (SNS). Neurons in the spinal cords causes activation of the adrenal medulla, this then
results in release of the hormones adrenaline and noradrenaline. These hormones cause a more
conscious feeling of stress, as the heart rate and sweating increases, just as there is more
heavily breathing (Wolf, 2008). Chronic stressors like chronic sleep deprivation are more likely to
activate the HPA axis, of which the effects are more sustainable. Dependent on the type of
chronic stressor which determines the activity in areas of the brain like the prefrontal cortex,



hippocampus and amygdala, the brain can cause a release of cortisol to the blood via the HPA
axis. These cortisol concentrations in the blood travel to targets in the periphery where it cause
physiological changes as a response to the stressor. Cortisol can also modulate the HPA axis
function through several negative feedback mechanism of which most targets are in the brain
(Herman et al., 2005). When the allostatic load increases, the hypothalamic paraventricular
nucleus (PVN) will be activated and produce a cocktail of adrenocorticotrophic hormone (ACTH)
secretagogues, of which the most important ones are corticotropin-releasing hormone (CRH) and
arginine-vasopressin (AVP), into the pituitary portal circulation (McEwen et al., 1968). This
stimulates the pituitary to produce adrenocorticotropic hormone (ACTH), which on its turn
stimulates the adrenal cortex to produce glucocorticoids (GC) (Joéls & Krugers, 2007), of which
cortisol is the primary type in humans (Corwin & Pajer, 2008). Since GCs are small, lipophilic
molecules, they can pass through cell membranes and the blood-brain barrier to reach its targets
in the brain such as the hypothalamus and pituitary or limbic structures such as the hippocampus
and the prefrontal cortex. After entering the cell, cortisol can bind to two different intracellular
receptors, which are the mineralocorticoid receptor (MR) and the glucocorticoid receptor (GR).
After binding to the receptor, the cortisol-receptor complex travels to the nucleus of the cell and
affects the gene transcription inside the nucleus, leading to changes in the production of specific
proteins. Since the receptors MR and GR are found throughout the body, cortisol can have
various effects on different parts of the body and brain (Wirth, 2014). Cortisol has a negative
feedback on the pituitary, hippocampus and hypothalamus, which leads to decreased activity of
the HPA system. On the other hand, cortisol creates a positive feedback on the amygdala, the
prefrontal cortex (PFC) and the brain stem, which leads to increased activity of the HPA

axis (Wolf, 2003). The MR is a high affinity receptor and has high expression levels in some brain
regions, such as in all the hippocampal subfields, the central amygdala and some others, but
other parts of the brain have much less expression of MR. The GR has a much lower affinity but
is more widespread in its expression on different parts of the body. Due to its low affinity, GR will
only be activated due to high levels of cortisol, which can happen when the body experiences
chronic stress. The different characteristics of MR and GR are especially important for cells which
express both receptors, such as cells in the hippocampal CA1 region, the dentate gyrus and the
central amygdala (Joéls & Krugers, 2007).

During late pregnancy, it seems that, the HPA axis is hyporesponsive to stress. Several animal
studies showed reduced ACTH and corticosterone responses to stress in pregnant rats
(Neumann et al., 1998; Johnstone et al., 2001). Towards the end of pregnancy, mRNA levels of
CRH in the parvocellular region of the paraventricular nucleus (pPVN) are lower. The same is
true for the median eminence of CRH and anterior pituitary pro-opiomelanocortin (POMC, the
ACTH precursor) mRNA and CRH receptor levels (Johnstone et al., 2001). The physiological
adaptations of the HPA axis during pregnancy occur at several levels including the limbic
feedback systems, CRH/vasopressin neurons within the hypothalamus, corticotrophs of the
adenohypophysis, and cortical cells of the adrenal gland. The reduced HPA-activity is probably
more an effect of a reduced positive feedback than an increased effectiveness of glucocorticoid
negative feedback. This is because even though there are more GR receptors in the dentate
gyrus (amount of MR receptors stay the same) and more activity of 11b-hydroxysteroid
dehydrogenase type 1 (11b-HSD1, normally enhances corticosterone negative feedback signal)
in the PVN and anterior pituitary were measured during pregnancy, the 11b-HSD inhibitor did not
modify the stress response. Therefore, there is a reduced positive feedback of the HPA axis in
pregnancy (Johnstone et al., 2001).



From rat studies it is known that an altered ACTH-corticosterone relationship seems present in
pregnancy, and the same was found in humans (Carr et al., 1981). This might find its cause in a
lower sensitivity of the adrenal gland to ACTH because of the hormone estrogen, of which levels
are higher in pregnancy (Waddell & Atkinson, 1994). Also, normally opioids potentiate the HPA-
axis responses to stress, but in pregnancy they have a net inhibitory effect on the HPA axis
activity. This is because in pregnancy the levels of progesterone rise and progesterone can be
converted to the neurosteroid
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Studies have shown that sleep restriction, in contrast to all the effects of pregnhancy on the HPA
axis described above, can lead to a moderate activation of the HPA axis and with that elevated
glucocorticoid levels (Minkel et al., 2014). Although sleep deprivation can act as a moderate
stressor, it does not lead to habituation of the HPA axis to a homotypic stimulus and sensitization
to a heterotypic stimulus. Sleep deprivation is therefore not an usual stressor (Meerlo et al.,
2002). In rats it has been shown that one effect of chronic sleep restriction is a significant reduced
ACTH response, while the corticosterone response remains unaffected. This means that there is
some kind of change in the brain that cause an attenuated ACTH response, but at the same time
an increased adrenal sensitivity to ACTH so that the cortisol levels stay unaffected. These
changes in the brain could reflect a reduced CRH release in response to stress, a reduced
pituitary sensitivity to CRH, or a gradual increase in GR numbers in certain brain areas due to
sleep loss which lead to a more rapid and stronger negative feedback on the HPA axis (Meerlo,
et al., 2002).

In conclusion, both pregnancy and sleep deprivation may cause an increased sensitivity to ACTH
of the adrenal glands. But while pregnancy mitigate the activation of the HPA axis to stress, sleep
deprivation increases the stress response.



3.1.3 Immune System

During pregnancy, the number of immune responses is down-regulated to protect the half-foreign
embryo from the maternal immune system (Navarrete et al., 2007). Pregnancy is associated with
alternations in circulating cytokine levels of which these fluctuations can vary by trimester (Okun
& Coussons-Read, 2007). Sleep deprivation affects this functional cellular innate immune
response and is associated with elevated levels of proinflammatory cytokines (Irwin et al., 2010).
Unabated inflammation can cause undesirable side effects, so to prevent this the proinflammatory
response is normally suppressed by the reciprocal production of anti-inflammatory cytokines like
IL-4 and IL-10 (reviewed in: Opal & DePalo, 2000). The alternation from basal levels of cytokines
because of sleep deprivation indicate an activated inflammatory system (Mullington et al., 2010).
Sleep deprivation shifts the balance between proinflammatory and anti-inflammatory cytokines,
which could impact the health of pregnant women. Even a modest disturbance of sleep produces
a reduction of natural immune responses and T-cell cytokine production that could last even after
a night of recovery sleep (Irwin et al., 1996). Inflammatory markers that increase because of
sleep deprivation are interleukin-1 (IL1), IL-2, IL-6, tumornecrosis factor a (TNFa), and C-reactive
protein (M. R. Irwin, 2006; Meier-Ewert et al., 2004; Okun & Coussons-Read, 2007). Chronically
elevated proinflammatory cytokines and exposure of cells to these proinflammatory cytokines
induce a decrease of the GR function in the central nervous system. This leads to a decrease in
the sensitivity for rising cortisol of the hypothalamic CRH-secreting cells and blunting of the
normal negative feedback response of the hypothalamus to cortisol (Pace, et al., 2007). This
decrease in function of the GR function is among others mediated via the GR-mediated gene
transcription and activity of the p38 mitogen-activated kinase (MAPK) pathway. IL-1a induces GR
impairment via this p38 pathway, which is not yet fully understood, although it has been proposed
that the early events of signal transduction are similar to IL-1 activation of NF-kB and JNK (Wang,
et al., 2003). Activation of p38 MAPK pathways by proinflammatory cytokines was found to result
in GR phosphorylation that in turn is associated with reduced sensitivity to glucocorticoids (lrusen
et al., 2002). At the same time stimulate proinflammatory cytokines like IL-1, IL-2, IL-6, and TNFa
cortisol secretion directly by acting on the cells of the adrenal cortex and indirectly via stimulation
of CRH from the hypothalamus and ACTH from the anterior pituitary (McCANN et al., 2006). IL-2
is a more potent known stimulator of ACTH release than CRH on a molar-to-molar basis. (Corwin
& Pajer, 2008)

As becomes clear in the text above, the innate immune response is associated with the HPA axis.
However, the HPA activation has also a prominent effect on the inflammatory response.
Especially the glucocorticoids play here a role as they inhibit the proinflammatory cytokines by
blocking the genes responsible for their production and by inducing the production of NF-kB, a
protein that binds and neutralizes important cytokine transcription factors. Cytokines known to be
downregulated by cortisol and other glucocorticoids include IL-1, IL-2, TNF-, and IFN-y (Corwin &
Pajer, 2008). Moreover, glucocorticoids favour the production of the anti-inflammatory cytokines,
especially at low concentrations of glucocorticoids (Elenkov & Chrousos, 2002).

In the next chapter (chapter 3.2) will be elaborated on why the interaction of the innate immune
response with the HPA axis is crucial for proper maternal behaviour and the wellbeing of mothers.
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3.2 Outcomes of pregnancy and sleep deficit on mother

3.2.1 Effects on cognition and behaviour
Sleep is important in daily life functioning. When sleep is disturbed this may affect cognitive
performance, including in pregnant women.

Numerous studies studied cognitive performance during pregnancy of which most studies
concluded that pregnant women often score lower on specific cognitive tasks compared to non-
pregnant women (reviewed in: Anderson & Rutherford, 2012). Ziomkiewicz and colleagues
suggest that this is caused by life history trade-offs (2018). They say that elevated cortisol levels
during pregnancy impair maternal cognitive function due to a long-term effect on hippocampal
structure and function. Elevated cortisol levels during pregnancy enhance energy flow from the
mother through the placenta to sustain foetal development (Gangestad et al., 2012). Ziomkiewicz
and colleagues hypothesize that there is a trade-off in the energy availability for the fetus and for
the mother, which leads to maternal cognitive changes. The limited energy available for the
maternal brain is used to enhance cognitive processes that are beneficial for the health of the
mother and the fetus, which leaves less energy for cognitive processes that are less essential
(Fig. 6) (Ziomkiewicz et al., 2018).

MATERNAL ENERGY AVAILABILITY
INCREASES Increased neurogenesis in
some maternal brain regions

Increasing foetal
energy requirements

M Emotion processing
M Emotion regulation

Attention =)
\ >

Glucocorticoids : Sustained
increase N WeIkiiE meniony foetal growth

J Long-term memory

A\

Decreasing maternal
energy resource

Increased neurodegeneration

in maternal hippocampus  \, ATERNAL ENERGY AVAILABILITY
DECREASES

Fig. 6. Energy distribution between competing maternal and foetal demands effecting maternal cognition. To sustain
foetal growth and prepare for motherhood, the mother experiences limited energy availability for costly but non-essential
cognitive functions. Negative cognitive changes (pink box) caused by increased neurodegeneration arise as a consequence.
Any spare energy supports the cognitive changes necessary for maternal and offspring survival (green box) with
accompanying increased neurogenesis in specific maternal brain regions. (Ziomkiewicz et al., 2018).

The presented evolutionary perspective in the study of Ziomkiewicz and colleagues which states
that some changes in cognition that happen during pregnancy dependent on energy trait-offs, are
beneficial for the survival of the mother and her offspring is supported by other studies. For
example, most kind of memory in pregnancy show a deficit, while recognition memory is actually
better during pregnancy. Anderson & Rutherford showed that pregnant women have a better
recognition of novel faces and especially for same-race faces, using a disguised recognition task
were participants viewed male faces and female faces and then identified their ethnicity/race
(2011) (Fig. 7 and Fig. 8). This change in cognition where pregnancy causes a better recognition
of novel faces can influence behaviour in pregnant women positively, as it is important for survival
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to be good in recognizing persons and situations that are safe and that are dangerous (Anderson
& Rutherford, 2012). A better recognition for novel faces has protective function as it makes the
women more socially competent. These ideas correspond to the findings of Otgaar and
colleagues where their results support the idea that memory is enhanced by processing
information in terms of fitness value, while at the same time, it may increase the risk for memory
distortions (2010).

Recognition accuracy of male and female faces by wWhite participants' performance on white targets
pregnant and non-pregnant women
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Fig. 7. Recognition accuracy of male and female faces Fig. 8. Recognition accuracy of White male and

by pregnant and non-pregnant women. Error bars female faces by White pregnant and non-pregnant

indicate SEM. From the participants that viewed male women. Error bars indicate SEM. (Anderson &

faces were 20 pregnant and 20 non-pregnant. From the Rutherford, 2011).

participants that viewed female faces were 19 pregnant
and 19 non-preanant (Anderson & Rutherford, 2011).

The reproductive status of pregnancy influences cognition and behaviour among other things,
because of the changes in immune responses and the different concentrations of hormones
circulating in the different trimesters.

Especially during the first semester pregnant women show an increased ethnocentrism and in-
group bias (Navarrete et al., 2007). The 206 pregnant female American participants joining the
study of Navarrete et al. were presented two essays (2007). One essay presented the negative
experiences and opinions of a foreigner critical of the United States and its citizens, while the
other presented an American’s positive appraisal of America and its values. Following the essay,
the participants evaluated which author was likeable, intelligent, knowledgeable, moral, well
adjusted, and truthful, as well as the extent to which they would want to work which each author.
It appeared that the week of pregnancy was correlated with in-group attraction and out-group
negativity (Navarrete et al., 2007). The evolutionary mechanism behind this could be that it is
disease avoidant. During pregnancy, the number of maternal immune responses are initially
restrained to protect the half-foreign embryo (Wai Loke & King, 1997). This leaves the mother and
the fetus more vulnerable to intracellular pathogens such as viruses and some bacteria
(Navarrete et al., 2007). When pregnancy progresses, the fetal imnmune system develops and
changes in immune function become more localized at the maternal-fetal interface which
diminishes the dangers presented by infection. Therefore, especially during the first trimester of
pregnancy mothers and their foetuses are vulnerable for diseases. A lot of these diseases can be
avoided by behavioural changes (Fessler, et al., 2002) such as an increased ethnocentrism and
in-group bias. Interaction with outgroup members is often a greater threat of disease transmission
because the likelihood that one already possesses antibodies to pathogens carried by
conspecifics is a function of past interaction, and interactions with in-group members are more
frequent than with outgroup members (Navarrete et al., 2007). Outgroup members, particularly
when they are immigrants, also may correspond to locally maladaptive practices such as hygienic
behaviors, diet, patterns of food storage and preparation, medicinal traditions, mortuary practices,
and sexual behaviors. Cultural dissimilarity may therefor increase the risk of disease (Faulkner et
al., 2004; Navarrete et al., 2007).
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The changes in cognition and behaviour during pregnancy is for a great part mediated by
changes in hormonal levels because of the reproductive state that have an effect on the brain.
Several studies showed the effects of hormones on cognitive processes such as memory and
contagion avoiding processes (Khadilkar & Patil, 2019; Jones, et al., 2005). For example, when
progesterone levels are high in pregnancy, this has an effect on the women’s rate of others
people’s fear and disgust (Conway et al., 2007), it makes them better in identifying negative
emotions. Progesterone therefore correlates with accuracy in the identification of emotions, which
can serve as a protective mechanism to socially threatening stimuli during pregnancy and have a
survival advantage (Lustig et al., 2018). In non-pregnant women, a better accuracy in identifying
negative emotions can be more stressful. But because the stress response in pregnant women is
mitigated, pregnant women actually benefit from facilitated emotion encoding without the costs
associated with increased anxiety (Anderson & Rutherford, 2012). When pregnant women are
sleep deprived, the buffer of a mitigated stress response can fall away which make them more
vulnerable to the negative effects of social stimuli. Additionally found the study of Lustig et al.
(2018) that women with higher progesterone levels were more vulnerable to the effects of sleep
restriction on emotion processing tasks and the study of Carter et al. (2012) reported that one
night of sleep deprivation reduced progesterone in women. This shows that sleep deprivation has
negative impact on the adaptive cognitive changes happening during pregnancy both via the
stress response and hormone levels.

Since both the state of pregnancy and sleep deprivation have effects on cognition, it is interesting
to see what happens when there is a combination between the two. This thesis hypothesizes that
sleep deprivation during pregnancy can inhibit or even negatively affect the cognitive changes
occurring in pregnancy, because it levels out the buffer of the normal mitigated stress response of
pregnant women. This can influence maternal behaviour unbeneficial from an evolutionary
perspective. Maternal behaviour in humans is very complex and depends not only on behavioural
adaptive mechanisms, but also on sociocultural and environmental factors. Nonetheless it might
be useful to understand maternal behaviour in rodents so that we can get an insight in the
fundamentals of maternal behaviour during pregnancy. In the rodent behavioural repertoire,
maternal behaviour is a specific behaviour that comes to expression from the end of pregnancy to
the time of weaning. In rats it is defined as any action performed by a dam in order to nurture,
warm, feed, and protect its litter and can be divided in two basic categories: maternal care and
maternal aggression (Pires, et al., 2015). Sleep restriction during pregnancy in female rats affects
especially the behaviour of the second category: maternal aggression. It increases defensive
aggression and decreases self-grooming when compared to non-sleep-restricted lactating rats.
Self-grooming is a well-known behaviour associated with high stress situation (Katz & Roth,
1979). Sleep restriction during pregnancy can therefore be said to induce an anxiolytic condition
during the postpartum period and to increase defensive aggressive behaviour while still
maintaining maternal care (Pires, et al., 2015). There might be behavioural adaptive mechanisms
that allows for the maintenance of proper maternal care even when the dam has been exposed to
environmental challenges like sleep deprivation during pregnancy (Pires, et al., 2012). If the same
is for humans and if these adaptive mechanisms are strong enough to have effect even in
combination with other sociocultural and environmental factors, remains a subject for further
research.

3.2.2 Effects on mood

Sleep disruption or deficiency during pregnancy has been considered a significant risk factor for
the occurrence of mood disturbances, as well as the recurrence of depression. (Swanson et al.,
2011)

Depression in women after pregnancy is common: approximately 10-15% of childbearing women
experience postpartum depression (Nielsen et al., 2000). Epidemiology studies have indicated
that there appears to be an association between sleep disturbance and depression (Breslau et
al., 1996). Mothers who developed postpartum depression showed a decreased total sleep from
the end of pregnancy to early postpartum weeks, while non-depressed mothers had an increase
in total sleep time during the same time period (Wolfson et al., 2003).
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Chrousos and Gold in 1992 were the first to propose a psychoneuroimmunology model which
suggests that dysregulation in the immune system or the HPA axis or both may contribute to the
development of Postpartum Depression (Chrousos & Gold, 1992). During pregnancy, when the
development of the fetus continues, the fetal adrenal gland plays an increasing critical role in
controlling the maternal HPA axis. The fetal adrenal gland secretes under the influence of
progesterone, significant amounts of cortisol. This cortisol stimulates cells of the trophoblast and
placenta to increase their production of CRH (Mastorakos & llias, 2003). Production of CRH
causes a self-propagating cycle where elevated CRH levels stimulate further fetal cortisol
production and more CRH secretion. This then suppresses maternal CRH production and with
that the HPA axis of the mother after delivery of the infant. On the other hand, the innate immune
response in healthy postpartum women, is stimulated by labor and delivery and causes an
increase in the production of proinflammatory cytokines. Within a few weeks to months these
women recover from childbirth and the inflammation regresses. With recovery, the HPA axis
hormones also return to normal levels and assist in limiting inflammation, which leads to normal
postpartum emotional regulation (Fig. 9) (Corwin & Pajer, 2008). Sleep deficits in the prenatal
and postnatal period can induce an exaggerated inflammatory response after labor and delivery,
and an inadequately suppressed HPA axis function. These disturbed functions can alone, or both
lead to postpartum depression (Fig. 10) (Corwin & Pajer, 2008).

Chronic Elevation
Innate Immune in Innate Immune
Response + Response +
Normal
4 Postpartum L‘ + PN Postpartum
i +
+ 3 , Emoilor.1al Depression
HPA Axis . Regulation Dysregulated .
Activity HPA Axis Activity
Fig. 9. Normal relationship between the Fig. 10. Dysregulated relationships between the
inflammatory response and the HPA axis. After inflammatory response, the HPA axis and
childbirth, the anti-inflammatory milieu abruptly Postpartum Depression. Sleep deficits can lead to an
shifts to a proinflammatory state. The HPA axis is exaggerated proinflammatory response by labor and
suppressed following delivery, but normalizes delivery, and an inadequately suppressed HPA axis.
after a few weeks where after the HPA axis Together or alone can these factors lead to postpartum
hormones assist in limiting inflammation (--). depression (conceptual framework by Corwin & Pajer,
Together, these steps assure normal postpartum 2008).

emotional regulation (conceptual framework by
Corwin & Pajer, 2008).

Depression is typically characterized as a disorder of horadrenaline and serotonin
neurotransmission with first-line treatment focused on normalizing neurotransmitter function
(Kulmatycki, et al., 2006). Proinflammatory cytokines may alter neurotransmitter function by
reduction of the serotonin synthesis (Maes et al., 2002). Serotonin is synthesized from
tryptophan, which is an essential amino acid and moves via the systemic circulation and active
transport from the periphery to the brain, and is there converted into serotonin. Cytokines can
induce the stimulation of indoleamine-2,3-dioxygenase, an enzyme that switches the synthesis of
serotonin from tryptophan to kynurenine and quinolinic acid. This results into a decreased
production of serotonin by this mechanism and may lead to development of depression
(Kulmatycki, et al., 2006). Cytokine-induced activation of indoleamine-2,3-dioxygenase may also
impair the negative feedback of corticosteroids on the HPA axis through production of quinolinic
acid, a potent N-methyl-D-aspartate receptor agonist, causing hippocampal atrophy and loss of
glucocorticoid receptors (Pariante & Miller, 2001).
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3.3 Treatments

Sleep disruption and deficit is common in pregnancy and has been associated with adverse
pregnancy outcomes, both for the mother and her child. It is therefore important to find ways to
improve the sleep quality of the mother. Because the sleep disruption and deficit can be caused
by various different factors as described in this essay, we have to determine for each woman
individually what kind of treatment is appropriate. During pregnancy many drugs are avoided on
account of fears for teratogenicity (Oyiengo et al., 2014). Probably a lot of pregnancy complaints
can be obviated with treatments that involve no drugs. One option is to study is the daily life of the
pregnant women to find out what kind of bad habits she might have and if these habits could be
unlearned or prevented. However, when complaints of sleep disruption and insomnia are
extreme, other treatments could be considered. Cognitive behavioural therapy for insomnia is a
skill-based nonpharmacologic insomnia-focused psychotherapy and the study of Manber et al.
(2019) shows that it can be an effective treatment for insomnia during pregnancy. Manber and
colleagues allocated participants randomly to cognitive behavioural therapy for insomnia (a first-
line, empirically supported psychosocial intervention that addresses sleep-related behaviours and
cognitions) or to a control intervention consisting of imagery exercises that paired patient-
identified distressing night-time experiences with patient-identified neutral images. Women
assigned to the cognitive behavioural therapy for insomnia experienced significantly greater
reductions in insomnia severity, faster remission of insomnia disorder and a significantly greater
decline in Edinburgh Postnatal Depression Scale scores compared to the control group (Manber
etal., 2019).

When cognitive behavioural therapy does not help pharmacotherapy can be considered. It is
important to take the risk on teratogenicity and other negative outcomes on the child into account,
although sometimes the negative effects of sleep disruption and deficits outweigh the risk for the
child due to pharmacological treatment. Pharmacotherapy for insomnia such as the hypnotic
benzodiazepine receptor agonists: Zaleplon, Zolpidem, Zopiclone, deserve attention as they are
not associated with an increased risk for congenital malformations (Wikner & Kéallén, 2011). They
work among others on the GABAA receptors on the CRH neurons in the PVN and cause a
hyperpolarisation and decrease the excitability of the neurons. Benziazepine receptor agonists
have a broad spectrum of action (Lullmann & Mohr, 2005). Ramelteon, Amytriptyline, Trazodone,
Doxepin, Diphenhydramine and Temazepam, also deserve attention. Their effects on human
pregnancy safety and lactation are not always clear, so further studies on these substances are
important. The study of (Khazaie et al., 2013) show that treatment with Trazadone or
Diphenhydramine during the third trimester both can prevent Postpartum Depression by
improving the sleep profile of women that experienced insomnia, which are promising results.
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Chapter 4: Discussion, conclusion and implications

Physical and emotional complaints especially towards the end of pregnancy in the third trimester
can lead to a disruptive night sleep and sleep deficits. Although sleep deprivation can often be
restored by NREM sleep taking over REM sleep, sleep disruption reduces the ability to produce
high amplitude slow waves in NREM sleep and therefore has effects on the allostatic load.
Hormonal changes during pregnancy can have effects on sleep architecture. Estrogen decreases
time spent in REM sleep while progesterone increases NREM sleep. The suppression of REM
sleep might be beneficial as it stabilizes both maternal and fetal autonomic nervous functions
such as blood pressure, heart rate, and respiratory rate. Sleep deprivation because of disruption
increases the allostatic load and is considered both a result of stress and a stressor per se. When
we look into the effects of sleep deprivation in humans, often rodent models are used to gain
insights into which mechanisms are involved and how. In humans, pregnant women often
experience sleep disruption and deficits for a longer period of time because of pregnancy, but
also because of the attention demanding child in the postpartum period. It is therefore important
to make sure that in future research the rodent models are specifically tested on chronic sleep
disruption and deprivation, as short sleep deprivation often has different effects. Important factors
that play a role in the effects of negative pregnancy outcomes because of sleep disruption and
deficits are the HPA axis and the immune system. During pregnancy, the HPA axis is
hyporesponsive to stressors. This adaptation occurs at several levels, including a reduced
positive feedback of glucocorticoids. The altered ACTH-corticosterone relationship during
pregnancy can be caused by progesterone metabolites like allopregnanolone which prevents
activation of CRH neurons in the PVN. Sleep deprivation in contrast to pregnancy, activates the
HPA axis, likely because of changes in the brain that cause an increased ACTH response and
also by increasing the sensitivity of ACTH by the adrenal glands. Sleep deprivation alters our
immune response too and elevates levels of proinflammatory cytokines. Since our innate immune
response is associated with the HPA axis, sleep deprivation and elevated proinflammatory
cytokines can cause blunting of the negative feedback response of the hypothalamus to
glucocorticoids. Sleep deprivation can induce an increase of the GR function via activation of the
p38 MAPK pathway or directly and indirectly stimulate glucocorticoid secretion. The HPA axis can
in its turn also influence levels of proinflammatory cytokines for example by blocking gene activity.
The precise pathways, mechanisms and interactions concerning pregnancy hormones, HPA axis
and immune system remain subjects for further research. Here it is important to take the effects
of circadian rhythms of our brain and bodies and these factors into consideration as it might have
a great impact.

The limited energy available for the maternal brain because of pregnancy is used to enhance
cognitive processes that are beneficial for the health of the mother and the fetus, which leaves
less energy for cognitive processes that are less essential. These life history trade-offs
concerning cognition are influenced by pregnancy hormones and can enhance cognition by
processing information in terms of fithess value and therefore have positive effects on behaviour
from an evolutionary perspective. During pregnancy, the number of maternal immune responses
are initially restrained to protect the half-foreign embryo, which leaves the mother and fetus more
vulnerable to intracellular pathogens. Cognitive changes during pregnancy such as increased
ethnocentrism and in-group bias can lead to behavioural changes that diminish the danger of
diseases. Pregnant women also tend to become more socially competent and the mitigated
stress response in pregnancy allows for the maintenance of proper maternal care. Sleep
deprivation can take away the buffer of this mitigated stress response and make pregnant women
more vulnerable for the negative effects of this social competence, although studies in rats
indicate that there might be adaptive mechanisms against the effects of exposal to environmental
challenges like sleep deprivation. It would be interesting to dive more into these adaptive
mechanisms and see if similar adaptations occur in humans. Moreover, when this is the case, we
could look whether these adaptation mechanisms can be enhanced so that they also
counterbalance the negative effects of other environmental and sociocultural factors.

Sleep disruption or deficiency during pregnancy remains a significant risk factor for the
occurrence of mood disturbances. It can cause a dysregulation of the immune system, the HPA
axis or both, which can contribute to the development of Postpartum Depression in mothers. For
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this reason, effects of the untreated conditions of sleep deprivation on the health of the pregnant
woman and the fetus have to be taken into consideration when deciding to treat sleep disruptions
and deficits. To improve sleep quality during pregnancy, treatment has to be adjusted to each
pregnant women individually. Knowledge of the mothers sleep alterations and its effects is useful
for informing expecting mothers in their predelivery check-ups. Consideration of
nonpharmacologic treatments and interventions like cognitive behavioural therapy against sleep
deprivation could be effective, but needs to be further researched to make it more efficient. When
nonpharmacologic treatments are not effective, pharmacotherapy for insomnia with the use of
hypnotic benzodiazepine receptor agonists can be promising. Pregnancy often makes women
more cautious that could cause fears for teratogenity and other negative treatment outcomes of
pharmacotherapy. These fears need to be taken seriously as there still remains a lot unknown
about all the mechanisms and pathways involved with sleep deprivation and pharmacotherapy. In
addition, further research on the effects of pharmacotherapy is needed as for most treatments the
translation from a rodent to human model still remains a big step.

This thesis did not elaborate on the effects of maternal sleep deprivation during pregnancy and
postpartum on the development of the fetus and child, which is also a very interesting to look into.
Since sleep deprivation has a negative effect on the physical and psychological health of the
mother, it might also affect the fetus and child in a negative way. This is more reason to guide
women during their pregnancies and in the postpartum period into having a good night sleep and
to further investigate and research treatment options against sleep disruption and deficits during
pregnancy. On the other hand, certain negative effects of sleep deprivation, might have positive
effects on the development of the fetus/child. The maternal brain is a major force in driving
essential physiological changes during pregnancy and adaptations of the mother so that the
mother’s experience of stress and metabolism is in favor of the fetus and child. These positive
effects weigh probably a lot smaller than the negative effects, but still deserve attention in further
research as they might provide us insights into pathways and mechanisms that we can use
against the negative effects of sleep deprivation.

In conclusion, deprivation of maternal prenatal sleep has several negative neurobiological,
cognitive and behavioural effects in pregnant women. During pregnancy the HPA axis and the
innate immune response are mitigated. Sleep deprivation is a chronic stressor that activates the
HPA axis and cause inflammation. This could prevent cognitive changes that normally lead to
evolutionary adaptive maternal behaviours and sleep deprivation could eventually lead to adverse
maternal pregnancy outcomes like Postpartum Depression. Next to conducting research on the
pathways, mechanisms and treatments involved with sleep deprivation during pregnancy, it is
important to consider how our society influences the sleep of pregnant women. With knowledge
about the negative outcomes of sleep deprivation during pregnancy, we can adjust our policies
and inform women and all concerned parties such as medical doctors before, during and after
pregnancy on the effects and treatments of sleep deprivation during pregnancy.
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Fig. 11. Overview of sleep deprivation during pregnancy in relation to the HPA
axis, the immune response and its outcomes. (Figure created by Melanie Meyer)
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