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Sleep plays a critical role in homeostasis of the body and mind. Insomnia is a disease that causes
disturbances in the initiation and maintenance of sleep. Insomnia is known to affect not only the
sleep process itself but also an individual's cognitive function and emotional regulation during
the daytime. It increases the risk of various neuropsychiatric diseases such as depression, anxiety
disorder, and dementia. Although it might appear that insomnia only affects the nervous system,
it is also a systemic disease that affects several aspects of the body, such as the cardiovascular,
endocrine, and immune systems; therefore, it increases the risk of various diseases such as hyper-
tension, diabetes mellitus, and infection. Insomnia has a wide range of effects on our bodies be-
cause sleep is a complex and active process. However, a high proportion of patients with insom-
nia do not seek treatment, which results in high direct and indirect costs. This is attributed to the
disregard of many of the negative effects of insomnia. Therefore, we expect that understanding
insomnia as a systemic disease will provide an opportunity to understand the condition better
and help prevent secondary impairment due to insomnia.
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Introduction

Insomnia is a disease in which there is a problem with the quality
or quantity of sleep. According to Diagnostic and Statistical Manual
of Mental Disorders (Sth edition), difficulty in initiating sleep, diffi-
culty in maintaining sleep, and frequent awakenings or problems
returning to sleep after awakenings were described as major symp-
toms of insomnia [ 1]. The prevalence of insomnia is reported to
be 2.3% to 25.5% in international studies [2]. However, the 1-year
incidence rate of simple insomnia symptoms is 30.7% [3]. Direct
and indirect costs due to insomnia have been investigated to reach
$100 billion per year in the United States alone [4]. Past history,
family history, increased arousability, poor general health, and
higher bodily pain are known risk factors for insomnia [3]. Insom-
nia is also a major psychiatric disorder, often comorbid with vari-
ous psychiatric disorders, and is also a symptom of some psychiat-
ric disorders [ S]. Because of these characteristics, insomnia is treat-

ed as a neuropsychiatric disorder, and the effects of insomnia tend
to be limited to the neurocognitive and affective domains. Howev-
er, insomnia is known to affect physiological processes that corre-
spond to a wide range of areas of the body and cause various physi-
cal ailments [6]. Therefore, in this review, we will examine the as-
pects of insomnia as a systemic disease and explain why insomnia
has a wide range of effects on mental and physical health in relation
to the role that sleep plays in our bodies.

Insomnia and cognitive function

The negative effects of insomnia on daytime cognitive function are
well-known, and many studies have been conducted [7]. Insomnia
is known to affect various cognitive domains such as memory, con-
centration, and attention [8].

Since sleep itself plays an important role in memory consolida-

tion, many studies have been conducted on the effect of insomnia
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on memory processes [9]. Insomnia impairs the consolidation of
declarative memory, and this impairment involves an increase in
cortisol levels and a decrease in slow-wave sleep [ 10]. Moreover,
insomnia affects the impairment of episodic memory, and it is
known that the severity of impairment is related to the severity of
insomnia symptoms [ 11]. In addition, several studies have report-
ed that insomnia causes impairment of working memory [12,13].
However, since other studies did not confirm the change in work-
ing memory due to insomnia, additional research is needed [ 14].

It is also known that various elements of attention, such as sus-
tained attention, focused attention, and shifting attention, are af-
fected by insomnia [ 14]. Sustained attention, also known as vigi-
lance, is measured by tasks that require continuous engagement
over long periods of time [15]. It was confirmed that the insomnia
group had lower accuracy and longer reaction time than the con-
trol group in this sustained attention task [ 16,17]. Shifting atten-
tion, which changes the focus of attention and requires flexibility,
also showed differences between insomnia patients and control
groups [ 18,19]. Daytime concentration problems are one of the
most common complaints of insomnia [20]. The insomnia patient
group showed difficulty in concentration during the daytime com-
pared to the control group. This concentration difficulty is thought
to be due to the impairment of sustained attention and shifting at-
tention [8].

Executive function is a set of neurocognitive skills involved in
problem-solving, including working memory, inhibitory control,
and shifting/flexibility. Therefore, executive function is a cognitive
domain that includes some concepts, such as working memory
and shifting attention previously introduced [21]. The association
between executive function and insomnia has recently become an
apostate issue compared to other cognitive domains, and the re-
sults tend to be inconsistent; therefore, a meta-analysis has been
conducted with various studies recently. Guo et al. [22] confirmed
that naming, immediate memory, delayed recall, and overall Mon-
treal Cognitive Assessment (MoCA) scores were lower in the in-
somnia group using the Pittsburgh Sleep Quality Index and
MoCA. They also found that an increase in the severity of insom-
nia translates to a more extensive and severe cognitive impairment.
Fortier-Brochu and Morin [23] found that there was an impair-
ment of episodic memory and attention in the insomnia group,
which was associated with sleep continuity, sleep microstructure,
and dysfunctional belief. Fulda and Schulz [24] confirmed that
there was impairment in episodic memory, problem-solving, ma-
nipulation in working memory, and retention in working memory
through a meta-analysis of 24 insomnia studies, but the degree of
impairment remained small to moderate. They, in a meta-analysis

of 18 insomnia studies, found no consistent evidence of cognitive
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dysfunction associated with insomnia. They noted that the differ-
ence in sample size and situational factors may have an effect as the
sample size and situational factors produce different results in dif-
ferent studies. As such, impairment of executive function due to in-
somnia tends to have different results even in a meta-analysis;

therefore, further evaluation is necessary:

Insomnia and emotion regulation

Sleep and emotion have bidirectional interactions with each other
[25]. Therefore, chronic insomnia is known to affect emotion reg-
ulation [26]. Several studies have reported that sleep deprivation
due to insomnia affects emotional valence; hence, poor sleep quali-
ty induces low positive emotions and high negative emotions, and
this tendency is reported to be stronger in women [27]. However,
in another study, this effect on sex was not confirmed [28]. Emo-
tional disturbances caused by sleep deprivation are known to in-
volve the amygdala and the medial prefrontal cortex [29]. It is also
known that insomnia, negative emotions, and intrusive or unwant-
ed thoughts tend to aggravate symptoms by composing a vicious
cycle with each other [30]. A study by Markarian et al. [31] found
that emotional dysregulation difficulties were associated with de-
pression, anxiety, and stress and that sleep quality plays an import-
ant role. Another study found that aggression and impulsivity are
associated with worse sleep quality and higher insomnia scores
[32]. It has been reported that emotional dysregulation due to in-
somnia is associated with changes in heart rate variability (HRV).
These results suggest that the mechanism by which insomnia caus-
es emotional dysregulation is closely related to brain-body interac-
tions known to reflect HRV [33]. Interoception is a concept that
includes nociception, thermoception, and visceral sensation and is
known to play an important role in brain-body interactions. Intero-
ception was also confirmed to have profound effects on insomnia
[34]. Heartbeat evoked potential (HEP) is a heartbeat-induced
change in the electroencephalogram (EEG) signal that is known to
directly reflect interoceptive processing. Changes in HEP have
been reported in insomnia patients, suggesting that insomnia may
be closely related to changes in interoception. [35]. In addition, in
recent studies, interoception has been shown to play an important
role not only in emotion regulation but also in anxiety and depres-
sion induced by sleep deprivation [36]. Recent discoveries on in-
teroception have given strength to the hypothesis that changes in
interoception due to insomnia are a key mechanism in the devel-
opment of symptoms such as emotion regulation disturbance, anx-
iety, and depression [37].
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Insomnia and neuropsychiatric disorders

Insomnia not only affects cognitive function and emotion regula-
tion but is also strongly associated with several related neuropsy-
chiatric disorders [38]. Depression and insomnia have a bidirec-
tional relationship [39]. In a 40-year longitudinal follow-up study
of medical students, it was found that individuals with baseline in-
somnia were twice as likely to develop the major depressive disor-
der than those who did not [40]. In addition, the odds ratio that an
insomnia patient without depression would later develop depres-
sion was 6.2, and the odds ratio that a depressed patient without
insomnia would later develop insomnia was 6.7 [41]. Insomnia is
also known to increase the risk of suicidal ideation in subjects with-
out mental disorders [42,43].

Insomnia is known to increase the risk of various anxiety disor-
ders and depression. In a population-based study of 2,393 random
individuals, symptoms of insomnia related to anxiety disorders
were identified as short sleep duration, daytime sleepiness, and
sleep disturbance [41]. Among anxiety disorders, generalized anxi-
ety disorder is a disease closely related to insomnia as there are
sleep disturbance symptoms in the main symptoms [ 1]. In indi-
viduals reporting symptoms of insomnia in a French population
study, generalized anxiety disorder was the most prevalent psychi-
atric disorder [44]. Various anxiety disorders, such as panic disor-
der, specific phobia, and social anxiety disorder, have been report-
ed to be comorbid with insomnia [41].

The cross-sectional relationship between dementia and insom-
nia has been well-known for a long time, but recently, various co-
hort studies and meta-analysis studies have reported that insomnia
increases the risk of all types of dementia [45]. In a nationwide
population-based study in Taiwan, insomnia was found to increase
the risk of Alzheimer dementia, especially if insomnia started be-
fore the age of 40 years [46]. There are several possible mecha-
nisms by which chronic insomnia increases the risk of dementia.
The hyperarousal state caused by insomnia induces overactivation
of the hypothalamic-pituitary-adrenal cascade, leading to neurode-
generation [47]. In addition, aggregation of f-amyloid in the brain
is considered the main cause of Alzheimer dementia. f-amyloid is
actively excreted during sleep, and a decrease in f-amyloid clear-
ance due to insomnia is also thought to increase the risk of demen-
tia [47]. However, there is controversy regarding the amyloid hy-
pothesis as a pathophysiology of dementia. Therefore, additional
research is needed to elucidate the exact reason why insomnia in-
creases the risk of dementia.

https://doi.org/10.12701/yujm.2021.01424

Insomnia and physiological process

Insomnia is also known to cause various physiological changes
during the day and night. Monroe [48] found elevated rectal tem-
perature, heart rate, basal skin resistance, and phasic vasoconstric-
tion in poor sleepers. It is known that these changes in the auto-
nomic nervous system are caused by an imbalance between the
sympathetic and parasympathetic nervous systems [49]. Imbal-
ance of the autonomic nervous system, which is the main patho-
genesis of insomnia, is also a key mechanism in the hyperarousal
model, the main pathogenesis of insomnia [ S0].

Since various hormones, such as growth hormone and mela-
tonin, are involved in sleep regulation, sleep and hormones have a
reciprocal relationship [51]. Therefore, insomnia causes dysregula-
tion of various endocrine systems [52]. An increase in cortisol hor-
mone and a change in the 24-hour metabolic rate have been ob-
served in patients with chronic insomnia [13,53]. In addition, it
was confirmed that sleep deprivation decreased insulin sensitivity,
while insulin resistance and secretion increased, especially in elder-
ly patients with insomnia [ 54,55]. Insomnia is also known to in-
duce changes in the endocrine system that controls appetite. Limit-
ed total sleep time was associated with higher ghrelin and reduced
leptin levels, according to the Wisconsin Sleep Cohort Study [56].
In a study by Motivala et al. [57], a study on chronic insomnia con-
firmed a decrease in nocturnal ghrelin, but leptin did not show a
significant difference in the control group. Based on these results,
insomnia is thought to induce inappropriate overeating and weight
gain. Melatonin, a hormone that controls circadian rhythm, is also
closely related to insomnia. Various studies have confirmed that
melatonin levels are decreased in patients with insomnia. In partic-
ular, the longer the insomnia period, the greater the decrease in
melatonin [58].

The immune system is also reciprocally related to sleep, and
sleep regulation is regulated by the immune system. It is also estab-
lished that sleep deprivation affects the immune system [59,60].
During sleep, cytokines such as interleukin 1 and tumor necrosis
factor are known to be involved in non-rapid eye movement
(NREM) sleep. Sleep deprivation is known to cause changes in im-
mune cell number, immune function, and cytokines, as well as to
make them more susceptible to viral and bacterial infections [61].
In addition, chronic insomnia has been reported to increase in-
flammation and mortality rates [62].

Insomnia induces various neurophysiological changes. In a me-
ta-analysis that analyzed 23 studies using polysomnography in in-
somnia patients, it confirmed the changes in various sleep vari-
ables, including sleep efficiency index, total sleep time, rate of slow-

wave sleep, rate of rapid eye movement (REM) sleep, and rate of
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change in the wake time [63]. In addition, these neurophysiologi-
cal changes were observed during the daytime. High-beta power
was observed in the resting state EEG of an insomnia patient, and a
change in the P200 component was reported in the event-related
potential study [64,65]. These daytime neurophysiological chang-

es are known to reflect the hyperarousal state caused by insomnia.

Insomnia and physical disorders

Insomnia is known to cause temporary changes in various physio-
logical functions as well as various physical diseases [66]. Since in-
somnia is accompanied by changes in heart rate and blood pres-
sure, several studies have been conducted in the past to determine
whether insomnia is related to cardiovascular diseases such as hy-
pertension, coronary heart disease, and heart failure; however, each
study revealed inconsistent results [67]. However, several me-
ta-analysis studies and nationwide population-based studies con-
ducted over the past decade have reported that insomnia increases
the risk of cardiovascular disease [67-69]. Sofi et al. [70] conclud-
ed in a meta-analysis that insomnia was associated with the devel-
opment of cardiovascular disease and cardiovascular disease mor-
tality. The onset of cardiovascular disease is known to be associated
with dysregulation of the autonomic nervous system due to in-
somnia and metabolic syndrome due to hormonal dysregulation
[71].

Insomnia is also known to cause endocrine disorders. In the case
of type 2 diabetes mellitus, several studies have slightly different re-
sults, but several studies have suggested that insomnia and type 2
diabetes mellitus are related, and that insomnia may act as a risk
factor for type 2 diabetes mellitus [72,73]. Although it is well-
known that abnormal thyroid function induces insomnia, the ef-
fect of insomnia on thyroid function has not been well studied
[66]. However, elevated levels of thyrotropin-releasing hormone
and thyroid-stimulating hormone have been reported in patients
with insomnia accompanied by depression [74]. Obesity has also
been reported to increase the risk of insomnia, and changes in ap-
petite-regulating hormones, such as leptin and ghrelin, are known
to be involved. However, a recently reported meta-analysis con-
firmed that insomnia did not directly increase the risk of obesity
[75,76]. Therefore, further evaluation is needed to determine
whether insomnia increases the risk of obesity.

Insomnia is known to increase the risk of infection and cancer
because of the close relationship between sleep and the immune
system [38]. A cohort study confirmed that insomnia increases
the risk of respiratory tract infection, and it has been reported that
patients receiving chemotherapy are more susceptible to infection
if they complain of insomnia [77,78]. Many researchers have long
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believed that insomnia increases the risk of cancer [79]. This is
not just a belief; some studies have reported that insomnia in-
creases the risk of breast cancer [80,81]. In addition, according to
ameta-analysis of cohort studies on insomnia, insomnia increases
the risk of all cancers overall, but only thyroid cancer reported

a significant increase in risk due to insomnia in specific cancer

types [82].

Insomnia as systemic disease

We looked at examples in previous chapters where insomnia af-
fects various systems of the body as well as the neuropsychiatric
domain. Insomnia is characterized as a systemic disease as the role
of sleep is not only limited to rest and conservation of energy.
Moreover, sleep has an active, complex, and unique function in the
body. Sleep can be divided into REM and NREM stages, and it is
known that the two stages play different roles [83]. NREM stage is
known as the most restorative stage, and it is known to play an im-
portant role in energy conservation and maintenance of physical
health, such as hormonal regulation, p-amyloid clearance, and
adaptive immune response [84]. REM sleep is a stage clearly dis-
tinguished from NREM sleep in neurophysiological characteris-
tics, and it is known that eye movement, voluntary muscle paralysis
and dreaming appear [83]. REM sleep is related to the process of
emotional memory. Also, in REM sleep, muscle tone is actively
suppressed, and autonomic and respiratory activation appear [85].

As such, sleep is a very dynamic process in which stages have dif-
ferent purposes and appear alternately, and each stage has a bidirec-
tional relationship with different biological systems. Therefore, if
this complex process is disturbed due to insomnia, it inevitably has
a systemic effect on the body and mental health.

Furthermore, insomnia has a systemic effect and is not limited to
a specific area as it affects distributed systems throughout the body.
An example is a decrease in immune function due to insomnia.
Chronic insomnia increases inflammation in the body, making it
vulnerable to infection. The hyperarousal model, which is one of
the main causes of insomnia, also affects the autonomic nervous
system distributed in all parts of the body, so it affects not only the
central nervous system but also the peripheral nervous system and
various organs throughout the body. In addition, the endocrine
and circulatory systems are also greatly affected.

Moreover, the systemic effect of insomnia is not limited to the
body but is known to directly or indirectly affect social and occupa-
tional functions [86,87]. The array of systemic effects and comor-
bidities caused by insomnia is known to be directly related to a re-
duced quality of life for patients across a range of different domains
[88]. Although the treatment of insomnia is important due to its
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systemic effect, it has been reported that many subjects with in-
somnia symptoms do not feel the need for treatment or do not re-
ceive appropriate treatment [89]. The rationale many patients ne-
glect insomnia even though they are symptomatic is because its
negative effects are undermined and its systemic sequelae are not
well-known [90]. Therefore, we expect that this review, which
studied the characteristics of insomnia as a systemic disease, will
help reduce the enormous personal and social burden of untreated

insomnia and prevent insomnia-induced secondary diseases.

Conclusion

Insomnia not only causes problems related to sleep initiation and
maintenance but also has a secondary global sequela on both the
mind and body. Insomnia causes functional impairment in various
cognitive domains and causes emotional dysregulation. Chronic
insomnia also increases the risk of various diseases, such as major
depressive disorder and Alzheimer dementia. However, insomnia
is not limited to these neuropsychiatric areas, but it affects various
physiological systems such as the immune system, endocrine sys-
tem, and circulatory system and increases the risk of various diseas-
es such as diabetes mellitus, hypertension, cancer, and infection.
Insomnia is considered a systemic disease because the sleep pro-
cess is a very complex, dynamic, and globally biological phenome-
non. However, despite the negative effects of insomnia, the pro-
portion of patients who do not receive optimal treatment is very
high. This is due to the very limited view of the negative effects of
insomnia on our bodies. Therefore, recognizing insomnia as a sys-
temic disease is expected to help prevent secondary impairment
and reduce costs through early detection and appropriate treat-
ment.
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