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Resilience through Sleep
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The functions of sleep have been an ongoing question for clinicians
and researchers interested in the sleeping brain. Historically, sleep was
considered as a general restorative process where the brain and the
body were mostly inactive. This concept had to be revised first when
“paradoxical sleep”, also known as rapid-eye movement (REM) sleep
was discovered with the surprising observation of an intense activation
in the polysomnographic signal while the sleeper appeared completely
inactive physically, a sleep stage also named rapid-eye-movement sleep
(REM) [1]. Subsequent studies have shown that REM and non-REM
sleep states contribute to the homeostasis in functions such as emo-
tion regulation and learning and memory, as well as cardiovascular,
metabolic, and immune functions [2]. An interesting suggestion about
the possible function of REM sleep has been proposed by Crick and
Mitchison in 1983 [3]. Using a computer model, these authors suggest
that one mechanism of REM sleep is to remove certain mode of in-
teractions between neurons, a process they named “reverse learning”
or “unlearning”. These authors discussed that one function of REM
sleep could be to “forget” irrelevant information as well as to remember
relevant information for survival and adaptation. Using polysomnog-
raphy in humans [4,5], Feinberg and Campbell proposed that slow-
wave-sleep (SWS) is important for cortical pruning, a process essential
to neuroplasticity. Neuroplasticity refers to the molecular and cellular
changes in neuronal networks occurring in response to inputs from the
environment. Such a neurophysiologic process is an important part of
learning, memory and adaptation mechanisms.

Healthy adaptations are essential to the maintenance of psychologi-
cal health. The ability to successfully adapt to and recover from adverse
conditions such as traumatic experiences in humans is called resilience.
Psychological resilience refers to actions and attitudes the individual
can use to adapt to challenging situations and to reach a new level of
functioning; it can also produce a ‘steeling effect’ that promotes growth.
Psychological resilience can be promoted by reducing risk factors for
poor psychiatric outcomes following traumatic experiences and by in-
creasing or reinforcing protective factors. Most studies on risk and pro-
tective factors have investigated psychosocial factors. Biological factors,
such as sleep, also deserve to be seriously considered as an important
part of resilience, since the disruption of sleep is a robust risk factor,
whereas the treatment of sleep disturbances improves daytime emo-
tional functioning. Therefore, the detection of sleep disturbances before
or early after traumatic exposure could lead to increased resilience and
accelerated recovery from trauma reactions.

The hypothesis suggesting that sleep is an important mechanism
of psychological resilience is ripe for empirical testing. An increasing
amount of research is being conducted and recent advances in tech-
nologies bring new and exciting results supporting this hypothesis. One
of the most productive fields of research on the relationships between
trauma and sleep is found in the studies on post-traumatic stress dis-
order (PTSD). The diagnosis of PTSD requires that the individual has
been exposed to a traumatic experience and presents symptoms of hy-
perarousal (sleep disturbances, hypervigilance, irritability, anxiety), re-
experiencing (flashbacks, nightmares), and avoidance. The prevalence
estimate of trauma exposure in the general population ranges from 50%
to 90%; of these exposed individuals, 5%-10% will suffer from PTSD,
with estimates as high as 15%-30% in those exposed to interpersonal
violence. From those individuals who will develop a PTSD following
a traumatic experience, 94% will suffer from insomnia compared to

10-30% in individuals who do not develop a PTSD following compa-
rable traumatic experiences. The same is also observed for nightmares
(75%-95% in PTSD compared to 4%-8% in non-PTSD) and for sleep-
disordered breathing (50%-80% in PTSD compared to 2%-24% in non-
PTSD). These results are obtained irrespective of the type or severity of
the traumatic experience [6]. Objective studies using polysomnography
show sleep disturbances during non-REM and REM sleep in PTSD sub-
jects compared to non-PTSD controls while other studies fail to show
differences between groups [7]. One positron emission tomography
(PET) study show hypermetabolism in limbic and paralimbic brain
structures during wakefulness and during REM sleep in combat ex-
posed veterans with PTSD compared to combat-exposed veterans with-
out PTSD [8]. While these observations indicate that neurobiological
changes characterize REM sleep in PTSD, it is not clear whether diurnal
hypervigilance and anxiety cause brain hypermetabolism during REM
sleep, or whether disturbed REM sleep impairs the ability to function
in a well adapted manner during the day. It is shown that disrupted
sleep, along with increased fatigue, pain and cognitive dysfunctions,
follow stress and trauma in combat exposed military veterans [9,10].
Interestingly, studies also observe that subjective and objective sleep
disturbances following trauma exposure predict later PTSD, as well as
other psychiatric outcomes including major depression, other anxiety
disorders, and substance use disorders [11-15].

Trauma-related sleep disturbances appear to be a biological, yet
modifiable threat to psychological resilience. Fortunately, sleep dis-
turbances can be effectively treated, which in turn may contribute to
increased resilience and better psychiatric outcomes. Studies show that
behavioral treatment of nightmares and insomnia reduces daytime
PTSD symptoms, depression and anxiety [16,17,8]. These studies aim
to determine if sleep preservation or restoration can lead to increased
psychological resilience, accelerated recovery and reduced risks of poor
outcomes. Translational research efforts are needed to identify the
sleep-specific genetic, molecular and neurobiological pathways that
contribute to psychological resilience.
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