
Introduction 

Insomnia is often treated with medication. While such treatments 
provide only a temporary improvement in sleep disorders for 
some people, the benefits after drug discontinuation are often di-
minished, with the negative effects on daytime functioning and 
risk of addiction [1-3]. One of the common nonpharmacological 
interventions for insomnia is poor sleep hygiene education, which 
targets changes in daily behavior and environmental factors that 
cause sleep deprivation. Among standard clinical treatments, cog-
nitive behavioral therapy (CBT) focuses on regulating sleep needs 
and modifying sleep expectations, attitudes, and beliefs [1,4]. 
Since the report of a randomized controlled trial (RCT) published 
in the Journal of the American Medical Association ( JAMA) in 
2015 revealed the effects of mindfulness-based interventions 
(MBIs) on insomnia, a nonpharmacological approach has been ex-
pected for mindfulness-based treatments for insomnia [5]. 
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Mindfulness and mindfulness meditation are ways to recognize 
all thoughts, feelings, and body sensations that occur to us as they 
are, observe them without judgment, and accept them as they are. 
By observing negative thoughts and feelings in a nonjudgmental 
way, we do not automatically respond to such thoughts and feel-
ings, and ultimately do not identify them with us and look at them 
as a kind of mental event that is not absolutely true and can come 
to us for a while and then disappear [6]. It appears from published 
findings that there is no longer any doubt that these MBI have 
therapeutic effects in mental health medicine. A recently published 
randomized controlled study on sleep disorders [7], randomized 
controlled study of patients with depression [8,9], anxiety disor-
ders [10], psychosomatic disorders including pain [11], substance 
abuse disorders [12], and eating disorders [13], all showed signifi-
cant effects compared to the control group. In addition to the ef-
fects of MBIs on each disease, studies are continuing to elucidate 
the underlying mechanisms of MBI [14]. Moreover, attempts have 
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been made to reveal the mechanism of the effect of MBI in a neu-
robiological way and to investigate this using neuroimaging tech-
niques [15,16]. In recent years, there have been reports that MBI 
affects the activity of telomerase as well as the improvement of im-
munological function [7,17,18]. 

This paper reviewed the effect of MBI on insomnia and also 
evaluated the mechanistic evidence to aid in future clinical applica-
tion. 

Vicious cycle of insomnia 

Patients with chronic insomnia describe their condition as a “vi-
cious cycle.” In other words, insomnia worsens as the effort and de-
sire to sleep increases. A strong desire to get more sleep and avoid 
daytime fatigue leads to a state of feeling trapped between the 
states of drowsiness and awakening [19]. Several models have been 
proposed to explain the pathophysiology of insomnia. Among 
them, Shallcross and Visvanathan [18] presented a model of in-
somnia that integrated core cognitive and behavioral processes 
from several extant theoretical frameworks. Insomnia is generally 
initiated and persisted by the following continuous cognitive and 
behavioral processes: (1) excessive daytime and nighttime rumina-
tion (i.e., excessive daytime and nighttime anxiety and rumination 
of sleep); (2) primary arousal (i.e., physiological arousal occurs 
with the first negative assessment of daytime problems caused by 
sleep deprivation); (3) secondary arousal (i.e., negative secondary 
or metacognitive judgment of initial arousal and subsequent con-
tinuation of physiological arousal); (4) excessive monitoring and 
selective attention to internal and/or external sleep cues that are 
consistent or inconsistent with sleep onset; (5) dysfunctional per-
ceived need for control and engagement in sleep effort (i.e., actively 
taking a nap or increasing sleep opportunities); and (6) distorted 
perceptions about sleep impairment (i.e., perceptions about sleep 
impairment as excessively serious). Practical examples for each of 
these sequential cognitive and behavioral processes would be the 
following. (1) Rumination: “All day long, there are useless 
thoughts of sleep in my head.” (2) Primary arousal: “What if I have 
a problem with my work tomorrow?” (3) Secondary arousal: 
“Why am I doing this? I feel bad and irritable.” (4) Selective atten-
tion/sleep monitoring: “How did I fall asleep normally? I keep ob-
serving the feeling of falling asleep.” (5) Dysfunctional perceived 
need for sleep: “I have to take a nap tomorrow, otherwise I can’t 
work.” (6) Distorted perceptions: “I’m desperate. If my sleep time 
is short, I am going to get tired and ruin my work all day tomorrow. 
What if I get fired?” Misunderstandings of sleep deprivation often 
lead to excessive negative perceptions of sleep, thus strengthening 
the vicious cycle of chronic insomnia. 

CBT for insomnia (CBT-I) is one of the most widely studied 
nonpharmacological therapies for insomnia [20]. CBT-I has 
evolved as a multi-component therapeutic approach, combining 
the following: (1) cognitive strategies, such as thought restructur-
ing to change sleep-related dysfunctional beliefs and attitudes; (2) 
behavioral techniques, such as sleep restriction and stimulus con-
trol, to promote healthy sleep habits. While this is a good way to 
mediate the pathophysiological mechanisms of insomnia, a signifi-
cant proportion (19%–26%) of individuals do not benefit from 
CBT-I, and the average overall improvement among those who do 
respond is only 50% to 60% [21]. In order to resolve the ironic sit-
uation in which the more obsessed with falling asleep, the more 
sleep will run away, something other than a cognitive approach is 
necessary. 

Theoretical rationale of mindfulness-
based interventions for insomnia 

While the effectiveness of MBI has been proven by many studies, 
consistent results have not been reported on the mechanism of 
therapy. In a review article published in 2016 [14], the psychologi-
cal mechanisms suggested by existing researchers were systemati-
cally reviewed and published; however, each researcher had priori-
tized these differently. In addition, attempts are being made to clar-
ify the mechanism of the effect of MBI neurobiologically and to in-
vestigate this by using neuroimaging techniques [15,16].  

During mindfulness meditation, there is a physiological change 
in the “wakeful hypometabolic state” [22]. The activity of the sym-
pathetic nervous system decreases and the activity of the parasym-
pathetic nervous system, which is important for relaxation and 
rest, increases, but this state is known to be one that is clearly differ-
ent from the state of simply resting or sleeping qualitatively and 
quantitatively [23]. In other words, in addition to relaxing the 
body, it aims to reduce mental activity by relaxing the mind, there-
by providing feedback to the body, leading to deeper physical relax-
ation. This has been proven in studies that measure physiological 
changes in the body while practicing mindfulness meditation 
[22,23]. Body relaxation, such as simple muscle relaxation, is asso-
ciated with the activation of primary and secondary motor regions. 
The activity of the paralimbic brain regions, which mediate sympa-
thetic nerve stimulation, such as the anterior cingulate and insula, 
is known to be a change in both relaxation and mindfulness medi-
tation. It is known that certain areas other than these are addition-
ally activated, and many experienced meditators have reported ac-
tivation of frontolimbic and frontoparietal neural networks [24-
29]. More interesting to note, is that larger, intensified activation is 
observed in the frontoparietal attention networks in experienced 
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meditators than in novice meditators with little experience. If 
mindfulness meditation is not different from simple general relax-
ation, short-term and long-term meditators are expected to relax 
similarly and not differ in their physiological or neurophysiological 
characteristics. These physical and mental relaxation states are 
helpful for mental as well as physical arousal that occurs in the vi-
cious cycle of insomnia. 

The psychological mechanisms by which MBI influences in-
somnia are as follows. First, MBI helps in insomnia by improving 
metacognitive awareness. One of the important elements of mind-
fulness is based on the fact that “there is nothing eternal and un-
changing” which is central to Buddhist psychology. With mindful-
ness meditation training, all experiences are observed as they occur 
and disappear. In the process, we become aware of constantly 
changing experiences, and thus, we understand that all experiences 
are temporary [30]. This process has been called reperceiving or 
decentering [31] and has been described as the development of an 
observer perspective [32]. In the literature dealing with MBI, 
metacognitive awareness, a variety of terms refer to the ability to 
observe one’s own thoughts or feelings as transient events of the 
mind, rather than being true and accurate in themselves. It was 
somewhat mixed with decentering, defusion, distancing, and re-
perceiving [33]. Through the mindfulness training process, it be-
comes possible to see the content of consciousness, that is, the mo-
ment-to-moment experience more clearly and objectively without 
identifying oneself with one’s thoughts. Thus, it becomes a thera-
peutic process that introduces a ‘space’ between one’s own ‘percep-
tion’ and ‘reaction’ by leaving the individual’s immediate experi-
ence from the observer’s point of view for insight and analysis of 
habitual patterns of emotions and behaviors. Indeed, evidence that 
mindfulness meditation training influences metacognitive aware-
ness has been reported in several studies [34,35]. Metacognitive 
awareness helps people with insomnia to become aware of their 
thoughts and experiences as and when they are trapped in a vi-
cious cycle of insomnia, which breaks the link to the next step. In 
fact, there are reports that MBI reduces rumination, which is com-
mon in patients with insomnia through metacognitive awareness 
[36]. 

Attention control is also a major psychological mechanism by 
which MBI affects insomnia. The development of attention is one 
of the key elements of mindfulness meditation training. A general 
guideline for meditation in line with the mindfulness meditation 
tradition is “Focus on your breathing in and out. Keep your atten-
tion without distracting. If you get distracted, quietly turn your at-
tention to your breath and start over [37].” Attention training im-
proves the ability to maintain nonjudgmental awareness of thought 
patterns, assumptions, and sensory perception. This awareness 

helps keep your thoughts and emotions away from being overly in-
tense. With mindfulness meditation, we train to sustain attention 
to your breathing and redirect your attention to our breathing as an 
anchor whenever our thoughts wander. This attention control is 
helpful in rumination, arousal, and selective attention/sleep moni-
toring processes in the vicious cycle of insomnia. 

The next psychological mechanism of MBI is the reduction of 
automatic thoughts and self-referential thinking. Automatic think-
ing begins unconsciously and is not easy to interfere with or pre-
vent. In other words, when consciousness cannot consciously at-
tract attention, the default mode network (DMN) starts involun-
tarily [38]. Objective perception of thinking through mindfulness 
meditation interprets thinking as ‘just thoughts’ and prevents un-
reasonable negative thinking from seeing as facts. Objective recog-
nition of these automatic thoughts through mindfulness medita-
tion is known as a major mechanism by which MBI reduces de-
pression, anxiety, and stress [39]. Parts of the DMN, especially cor-
tical midline structures (CMS), include the medial prefrontal cor-
tex, the anterior cingulate cortex, and the posterior medial cortices, 
which are automatic thinking [40,41]. It is known to play an im-
portant role in CMS, and it has been reported that decreased activ-
ity of CMS is associated with a decrease in automatic thinking. 
CMS is also involved in self-referential thinking, which is a type of 
automatic thinking known to be associated with mood and anxiety 
disorders. MBI weakens nonadaptive habitual self-view by affect-
ing the DMN area, especially CMS [16]. Reducing these negative 
and automatic thoughts through MBI can reduce negative, but ex-
tremely subjective, self-referencing thoughts that occur during in-
somnia. This helps to reduce primary and secondary arousal in the 
vicious cycle of insomnia. 

In addition, meditation is a training of acceptance. Acceptance is 
a nonjudgmental process, acknowledging and accepting the expe-
rience of the mind and body at the present moment as it is. The au-
tomatic reaction of the mind hates all pain and runs blindly. How-
ever, this autopilot reaction is more painful. In a way of life that ac-
cepts pain and can coexist, acknowledging reality and not escap-
ing, it becomes active approval, not passive defeat. One way to ac-
cept pain is through self-compassion. The concept of self-compas-
sion is related to mindfulness [42]. Self-compassion, defined by 
Neff [41], consists of three components. The first is self-kindness, 
which refers to an attitude that allows us to have a kind and under-
standing attitude to ourselves rather than being harsh and critical 
when we feel painful or inappropriate. The second is common hu-
manity, which is to perceive one’s own experience as part of a great-
er human experience than to see it as separating and isolating. The 
third is mindfulness, which refers to the ability to experience one’s 
painful emotions and thoughts with a balanced awareness rather 
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than overidentifying with them. As can be seen from the concept 
itself, mindfulness and self-compassion are very related, and one 
study reported the correlation between the total score on the 
mindfulness scale and the total score on the self-compassion scale 
[43]. In addition, studies have reported that changes in mindful-
ness can predict changes in self-compassion, and it has been ar-
gued that self-compassion partially mediates the relationship be-
tween mindfulness and well-being [44]. This acceptance relieves 
the pain of secondary arousal and continuous distorted and biased 
perceptions and thoughts that occur in insomnia. Increased accep-
tance of difficult thoughts, emotions, and physical sensations al-
lowed them to let go of their desire (and desperate behaviors) to 
make sleep happen. 

Evidence of mindfulness-based 
interventions for insomnia 

Many studies have been conducted to verify the effect of MBI on 
insomnia. Representatively, the RCT published in the 2015 JAMA 
was randomized into two groups for those with moderate sleep 
disorder (Pittsburgh Sleep Quality Index [PSQI] > 5) among 
adult subjects (mean ± standard deviation of age, 66.3 ± 7.4 years). 
A total of 49 patients were randomly assigned to the MBI or gener-
al sleep hygiene training for 6 weeks (2 hours per week), and par-
ticipants in the MBI group showed significant improvement in 
PSQI compared to those in the control group. The mean differ-
ence between groups was 1.8 (95% confidence interval, 0.6–2.9) 
and the effect size was 0.89. MBI showed significant improvement 
in secondary health outcomes of insomnia symptoms, depressive 
symptoms, fatigue disorder, and fatigue intensity compared to the 
control group (all p < 0.05). Nuclear factor kappa B (NF-κB) con-
centration decreased significantly with time in both groups 
(p < 0.05). No differences were observed between the groups for 
anxiety, stress, and NF-κB [5]. Studies that include more objective 
indicators as variables have also been reported accordingly. In one 
study, mindfulness-based stress reduction (MBSR) and drug treat-
ment groups were randomly assigned, and the Insomnia Severity 
Index (ISI), PSQI, sleep diaries, and wrist actigraphy were used as 
objective indicators. When comparing the results after 8 weeks 
with the baseline, sleep onset latency in the MBSR group de-
creased by 8.9 minutes (p < 0.05) [45]. In a 2015 study of breast 
cancer survivors, subjects were randomly assigned to the MBSR 
group and the usual care (UC) group, and objective variables, in-
cluding actigraphy, were measured. As a result, after 12 weeks of 
objective sleep variable, MBSR group had a more significant effect 
than control group in the following areas; sleep efficiency (78.2% 
of MBSR group vs. 74.6% of UC group, p = 0.04), percent of sleep 

time (81.0% of MBSR group vs. 77.4% of UC group, p = 0.02), and 
less number of waking bouts (93.5 in MBSR group vs. 118.6 in the 
UC group, p < 0.01) [46]. 

In a 2014 study, a randomized, partially blinded, and noninferi-
ority trial was conducted to determine whether MBSR was inferior 
to CBT-I for insomnia. This study was conducted in patients with 
insomniac cancer, and the evaluation was performed at baseline, 
immediately after the program, and after 3 months of follow-up. 
MBSR was inferior to CBT-I immediately after the program but 
showed noninferiority after follow-up (p = 0.02). Although CBT-I 
is associated with rapid and durable improvement and remains the 
best option for nonpharmacological treatment of insomnia, MBSR 
has brought about clinically significant changes in sleep and psy-
chological outcomes [47]. In another three-arm and single-site 
RCT, 54 subjects were placed in the MBSR group, mindful-
ness-based therapy for insomnia (MBTI) group, or an 8-week self- 
monitoring condition. Total wake time (TWT), Pre-Sleep Arousal 
Scale (PSAS), ISI, and objective sleep measurements were mea-
sured using laboratory polysomnography and wrist actigraphy. Sub-
jects who received MBI (MBSR or MBTI) were found to be superi-
or to the self-monitoring control group from baseline to postinter-
vention in TWT (43.75 vs. 1.09), PSAS (7.13 vs. 0.16), and ISI 
(4.56 vs. 0.06). There was no significant difference between the 
MBSR and MBTI. From baseline to 6-month follow-up, MBTI 
showed a greater reduction in ISI score than MBSR (p<0.05), with 
the largest difference at the 3-month follow-up. Remission and re-
sponse rates of MBTI and MBSR were maintained until 6 months 
follow-up, and MBTI showed the highest ratio of treatment remis-
sion (50%) and response (78.6%) at 6 months follow-up [48]. 

As these studies have increased recently, systematic reviews and 
meta-analysis results of these studies are also reported in literature. 
In the meta-analysis results of MBI insomnia published in 2020, 
participants in the MBI group showed a significant improvement 
in insomnia as measured by the PSQI (p < 0.00001) as compared 
to the control group. In this comprehensive meta-analysis, MBI ap-
pears to be effective in treating insomnia. However, the authors 
suggested that further research is needed to investigate the long-
term effects of MBI on insomnia [49]. 

Each study has used somewhat different techniques for MBI as a 
basis for insomnia. The MBI that has accumulated the most evi-
dence so far is MBSR, and in the case of mindfulness-based cogni-
tive therapy, subjective improvement is reported, but the most ob-
jective evidence is insufficient [50,51]. In the case of MBTI, which 
is a more specific technique for insomnia, recent studies are under-
way, and several significant results described above have been re-
ported accordingly. 
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Mindfulness-based approach to treatment 
of insomnia 

The mindfulness-based approach to insomnia incorporates key el-
ements of MBI. In order to quantitatively report the effect on in-
somnia, conventional MBIs such as MBSR have been widely used 
as research results. In recent years, evidence for MBTI specialized 
in insomnia has also been collected accordingly. If the core ele-
ments of mindfulness are properly included, basically, any form of 
intervention will help with insomnia. However, the therapists will 
need to be embodied in the MBI; they should have medical knowl-
edge, including that of sleep physiology. 

The goal of MBTI is to increase awareness of mental and physi-
cal conditions that cause chronic insomnia and to develop adaptive 
ways for these undesirable conditions [52]. The practice of medi-
tation, discussion, and daily monitoring of sleep and waking activi-
ty helps to enhance this awareness. Particular attention is paid to 
the mental and physical conditions of sleepiness and fatigue, and 
participants are taught to distinguish between these two condi-
tions. Using awareness as a platform, you are trained to respond to 
sleep disorders with mindfulness techniques instead of automati-
cally reacting by increasing effort to rest. Participants should avoid 
meditating to sleep at night. Instead, the meditations are used as a 
practice of cultivating awareness and mindfulness principles, not to 
be used as a relaxation strategy for falling asleep. It includes effec-
tively managing emotional responses to sleep disturbance and day-
time fatigue as well as reducing unwanted waking at night. As the 
program progresses, participants are taught to use mindfulness 
principles and behavioral strategies to work in these undesired con-
ditions. Specific behavioral changes (sleep restriction and stimulus 
control) are empirically supported techniques for insomnia that 
complement the mindfulness principle and should be treated to-
gether. MBTI consists of three major components: (1) start with 
activities in the form of formal mindfulness meditation, including 
one quiet meditation and one movement meditation; (2) discus-
sions are guided by MBTI leaders when participants are asked 
about their findings during meditation and their application to in-
somnia; and (3) the didactic period includes education about 
sleep and wake physiology and instructions for stimulus control 
and sleep restriction [52]. 

Conclusion 

Insomnia begins with the discomfort of sleep itself, but as it contin-
ues, patients fall into a vicious circle with negative thoughts related 
to sleep. As such, those who experience chronic insomnia fall into a 
vicious cycle of “increasing sleep worsens as the desire and effort to 

sleep increases” which in turn leads to a strong desire to get more 
sleep and avoid daytime fatigue. MBI corrects sequential cognitive 
and behavioral processes and can be a useful nonpharmaceutical 
intervention for insomnia. In many studies, MBI for insomnia has 
been proven with stability and efficacy. 
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