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Abstract. While there are decent amounts of studies exploring the effects of chronic stress on
sleep in animal models (e.g., rats), studies recruiting human subjects on this specific topic are
rare in neuroscience and psychology. Thus, this paper aims to review the literature focusing on
and mentioning chronic stress effects on human sleep, primarily based on experimental trials and
clinical cases. Specifically, this review assesses the relationship between chronic stress (rather
than acute stress and traumatic events) and insomnia in adult humans, the neurological and
behavioral influence of chronic stress, and potential treatments for insomnia related to stress.
The review was conducted using the PsycInfo database. Results from the reviewed literature
show that chronic stress is associated with a decrease in neurogenesis and can be predicted by
amygdala reactivity. Human subjects are likely to replicate results from rat models that show a
decrease in REM sleep time under chronic stress and altered slow wave activities during sleep,
and such deprivation of REM sleep can further alter hormonal levels in brain areas relating to
stress and learning. Promisingly, there is evidence supporting the efficacy of cognitive and
behavioral therapy for insomnia (CBT-I), conducted by professional therapists.
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1. Introduction

Insomnia is the most common sleep disorder that can present independently or with comorbidity with
other physical or mental conditions. It is highly prevalent and can lead to many costly consequences on
patients and society [1]. Multiple physiological causes for insomnia have been identified, including both
acute stress (e.g., separation, illness) and chronic stressful events (e.g., occupational stress) and
corresponding resolutions have been studied [2]. There is also abundant evidence for the hyperarousal
theory, which suggests that insomnia occurs when both sleep and arousal are active [3]. However, studies
on the neurological mechanism of how chronic stress affects insomnia presentations are rather scarce,
while lots of people with stressful lifestyles face this problem. there has been evidence on the
consequences of chronic stress on sleep quality and activities of rats, but only a few of them include
comparisons and contrasts with humans, and research using only human subjects is rarer.

Even though there are ample amount of studies discussing the causes and mechanism of insomnia,
few of them focuses on a more everyday setting and includes chronic stress as a factor — chronic stress
is not as noticeable as acute stress caused by traumatic events or other psychiatric conditions, but it
should be acknowledged, especially in a modern society where we all live under stress and may not be
fully aware of it and lack proper knowledge to cope with it. Thus, this paper aims to review the literature
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containing information on human subjects, draw conclusions on the neurological mechanisms of chronic
stress on insomnia, and examine promising treatments for insomnia that are specifically due to stress.

2. Features of insomnia
The United States faces the heavy burden of insomnia: more than 50% of adults have difficulties
sleeping, and 22.1% meet DSM-IV criteria for insomnia. The overall prevalence of insomnia in working
people is 23.2%, and it is higher in women (27.1%) than men (19.7%) [4]. Insufficient sleep has also
been declared a public health problem by The Centers for Disease Control and Prevention (CDC) and
negatively affects society globally. Given an estimate based on a macro-economic model, up to $680
Billion is lost each year across five OECD countries due to insufficient sleep [5].

Besides the societal effects of insomnia, the neurological changes caused by it are also well-studied.
In an fMRI study, insomnia patients presented higher amygdala responses to insomnia-related stimuli
compared to healthy good sleepers and lacked the habituation of amygdala responses [6]. A resting-state
fMRI study revealed abnormal spontaneous brain activities in regions such as the left orbitofrontal
cortex and inferior frontal gyrus [7]. Regarding the aspect of neural development, worse insomnia was
associated with smaller volumes of CA3 and dentate subfields of the hippocampus, consistent with the
findings of studies using animal models [8].

3. Effects of chronic stress on sleep in rodent models: Dysfunctional REM sleep

Kant et al. designed a paradigm signaling intermittent foot shock to create chronic stress for rats, which
were divided into a controllable stress group (CS) and an uncontrollable stress group (UCS) [9]. CS
could pull on a chain to avoid the electrical shock, while UCS could not. Results showed that the total
sleep time decreased significantly in CS during the first day of stress, and REM sleep was significantly
more affected by stress even after the first day. Although both NREM and REM sleep time gradually
increased after day 1 of stress, it was hard to return to the pre-stress level, demonstrating the persistent
influence of chronic stress.

In another study conducted by Machado et al., all REM-sleep-deprived (PSD) rats exhibited REM
sleep rebound, while PSD rats receiving multiple footshock (MFS) showed the highest rebound [10].
They also showed altered levels of hormones: intermediate levels of corticosterone, highest prolactin,
and elevation of serotonin in the hypothalamus. The change in hormonal levels can be explained by the
adaptation to stress, but it should also be noted that such a change in hormonal baseline can contribute
to future sleep loss, which has been observed and reported by many insomnia patients.

Furthermore, the mice model presented comparable results, showing that chronic social stress
induced by sleep deprivation disturbed homeostasis regulation and slow wave activities (SWA) during
sleep [11].

The importance of REM sleep has been highlighted by numerous studies, and its relationship with
insomnia has been acknowledged: the contribution of REM sleep to subjective wake time was
significantly larger in insomnia patients than in good sleeper controls [12]. Feige et al. further concluded
that REM sleep might be responsible for the subjectively disturbed sleep of primary insomnia patients,
their perception of insomnia. On the other hand, the slow wave activity deficiency in insomnia patients
is widely acknowledged, so it is reasonable to draw a connection between the finding of disrupted SWA
in rats and that in humans [13]. Although for now there are not enough experiments in rats or human to
draw any solid conclusion, it can be assumed that chronic stress leads to dysfunctional REM sleep and
slow wave processes, which can then cause insomnia or aggravate the condition.

4. Effects of chronic stress on sleep in humans: Altered neurological responses

Some clinical symptoms of insomnia can be attributed to neurological abnormalities: some findings
indicated that insomnia in humans was associated with volume loss in CA3/dentate subfields in the
hippocampus [8]. They conformed with the results in a rat model presenting reduced neurogenesis in
the hippocampus due to sleep fragmentation [14]. Fragmented sleep is also a result of chronic stress, so
if more human participants are recruited and more data are gathered, we might be able to explore the
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causal relationship between chronic stress and hippocampal neurogenesis reduction. Since dendritic
branching is a crucial process for learning and memory, it is not surprising that rats’ spatial learning and
spatial reference memory were impaired under chronic stress conditions without arousal from fear, and
we could assume that humans may fall under the same pattern [15].

There is also evidence shedding light on the relationship between amygdala responses and stress
levels. fMRI results presented a significant association between amygdala reactivity to fearful facial
stimuli and self-reported stress level in male poor sleepers [16]. This provides further support for the
neurological consequences of the stress-insomnia interaction.

5. Promising treatments
Researchers in the realms of pharmacology, cognitive science, psychiatry, and psychology all work hard
to develop numerous ways to improve the life quality of insomnia patients. Gladly, some experimental
trials and case studies have proven the validity of Cognitive and Behavioral Therapy (CBT). Perlis et al.
found a series of successes: in their cases, 33% of insomnia patients improved after the completion of
four or more sessions of CBT and medical comorbidity did not influence their outcome [17].

It should be noted that CBT specifically written for insomnia and administered by a professional
therapist produces the most significant reduction in insomnia, compared to self-help CBT procedures,
even helping treat comorbid insomnia with depression [18].

6. Conclusions

Insomnia, as the most prevalent sleeping disorder, severely impairs patients’ quality of life and brings
heavy burdens to societies. More importantly, it produces long-lasting effects in cognition and neural
development, which can in turn lead to more serious consequences in life. This paper reviews studies
that can validate the association between chronic stress and insomnia, aiming to bring attention to the
risky factor that has long existed under our noses. Overall, chronic stress disrupts brain wave activities
(especially REM sleep) and hormones relating to stress in rats, which consequently elevates their stress
level and impairs their sleep quality. There is potential relationship between chronic stress and insomnia,
as the deficiency of slow wave activities in insomnia subjects is already acknowledged. Moreover,
insomnia and chronic stress can worsen each other and cause long-lasting effects on the human brain,
such as the loss of neuronal branching in the hippocampus and altered fear responses in the amygdala.
We can expect impaired learning and memory in human participants with chronic-stress-induced
insomnia.

Limited by the number of related articles, this paper might not be able to give the most holistic review
of this topic. To understand more about how chronic stress affects human sleep, more clinical
experiments recruiting human subjects are needed. For more reliable results and conclusions, we should
consider the differences in gender, age, and social class, as the prevalence of insomnia differs among
them.
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