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may cause neurological dysfunction as well as other side 
effects. Therefore, social and psychological factors should 
be considered in the treatment of CP, and corresponding 
psychotherapy should be administered based on individual 
psychological conditions.

Mindfulness therapy (MT) is represented in psychother-
apy and has sufficient randomized controlled trial evidence 
[6]. As research on MT deepens, it is increasingly being 
used to treat a range of deseases, including depression, acro-
megaly, and even CP(7–8). The efficacy of MT in published 
studies remains controversial due to the neglect of cognitive 
differences. This review analyses the cognitive structure and 
its influencing factors to find out the reasons for the dispari-
ties. It also examines the mechanism of MT treatment of CP 
and analyses the relationship between the two to provide 
new ideas for the clinical treatment of CP from a psycho-
logical perspective.

Introduction

Chronic Pain (CP) is defined by the International Assoicia-
tion for the Study of Pain as pain that lasts more than three 
months and is associated with actual or potential soft-tissue 
injury. It is considered the fifth vital sign after body temper-
ature, breathing, pulse, and blood pressure [1–3]. Reports 
indicated a global incidence of CP as high as 31%, with 
women being affected more than men, which can seriously 
impact their quality of life [4]. Medication is currently the 
primary treatment for CP [5]. However, they are insuffi-
cient in restoring normal physical and mental functions and 
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Abstract
Purpose of Review Mindfulness therapy is a widely used treatment for many diseases and has been shown to improve pain-
related functions. There is growing support for the use of psychotherapy in the treatment of chronic pain. While studies 
have shown a positive effect of mindfulness therapy, it is important to consider psychosocial factors as there are still a small 
number of studies that question its effectiveness.
Recent Findings Based on current studies, mindfulness therapy involves cognitive factors related to chronic pain, both in 
terms of cognitive production and its impact on cognitive control. Psychological and neurobasic studies were reviewed to 
provide a deeper understanding of these components, which include thought inhibition, attention deficit, pain catastroph-
izing, and self-efficacy. Mindfulness therapy has the potential to normalize psychology and nerves, and increase internal and 
external connectivity to work networks related to stress perception, cognition, and emotion. However, further research is 
needed to fully understand its effects. By exploring the relationship between mindfulness therapy and chronic pain.
Summary This review provides a new avenue for future research in psychotherapy for patients with chronic pain.
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Relationship Between Mindfulness Therapy 
and Cognition

It has been shown that MT contributes to the sense of well-
being and quality of life. To achieve high levels of mind-
fulness, it is important to maintain a general orientation 
towards objective information and avoid subjective evalua-
tions. Mindfulness is the ability of individual to focus their 
attention on their thoughts, emotions, and experiences while 
remaining fully aware and conscious of them. MT is primar-
ily based on mindfulness-based stress reduction(MBSR). 
MBSR requires individuals to be self-aware, accept and 
focus on the present moment, refrain from making judg-
ments based on their experiences, and maintain a compas-
sionate attitude in their daily practice. To cater to specific 
population, MBSR has been modified into various forms 
such as mindfulness-based cognitive therapy, mindfulness-
based relapse prevention, and mindfulness-based stress 
reduction [9]. These adaptations aim to address the unique 
needs of different population. The main forms of MT are 
cognitive therapy, relapse prevention, and relationship 
enhancement, including exercises in sensory, emotional, 
and respiratory mindfulness, which can help individuals 
cultivate and enhance positive thoughts [10–12]. We will 
analyze the causes of cognitive differences among individ-
uals in terms of the order of thinking, way of attentional 
focus, and levels of negative emotions and experiences [13].

Variances in the Order of Thinking Produce 
Cognitive Differences

The use of language and words is central to the coales-
cence of complex information into a succinct foundation of 
thought. Different combinations of language can result in 
cognitive differences. The thought-language hypothesis has 
been proposed by Folder that the mind constructs complex 
ideas and expresses them by recombining the internal lan-
guage of symbols [14]. Even simple ideas require the activa-
tion of various brain networks working together. Research 
by Frankland et al [15] has revealed the important role of the 
Default Mode Network (DMN) of the brain in idea genera-
tion and comprehension. DMN is a brain network structure 
comprised of the prefrontal cortex (PFC), posterior cingu-
late cortex (PCC) and angular gyrus. It is activated when 
an individual attempts to comprehend a thought and col-
laborates with the brain to gather and articulate the neces-
sary information for the thought. This information is then 
conveyed between individuals through natural language 
[16]. Natural language is the input and output system for 
information. When information is input, the brain constructs 
a mental model for the individual to identify the input infor-
mation and stimulate mental activities and thoughts(17–18). 

Simultaneously, the brain processes information and pro-
duces output, which subsequently impacts the development 
of behavior and cognitive system of individuals. However, 
the sequencing of thoughts can differ among individuals, 
leading to variations in behavior and cognition [19].

Variances in Attentional Focus Produce Cognitive 
Differences

Attention is a crucial element of cognitive structure(20). 
It is divided into selective, sustained, and dispersed types. 
Its essence lies in concentration, which enables individu-
als to selectively process information and exclude irrel-
evant information in various environments. This improves 
the efficiency of individual behaviors and gradually forms 
a fixed pattern that is retained in memory [20–22]. Shom-
stein et al [23] states that attention is achieved through a top-
down signal transmission process. This process is realized 
by projecting information through the posterior parietal cor-
tex (PPC) and activating cortical or subcortical regions such 
as the superior frontal and inferior parietal lobes to generate 
attention. Under high pressure, the regions mentioned above 
will be activated, causing the brain to overemphasize the 
target and increase attention, thereby enhancing the ability 
of the DMN to encode information and improve memory 
efficiency(24–25). Two studies on the attentional blink have 
shown that individuals report different orders of stimuli in 
memory when presented with the same visual stimuli fre-
quently. This is due to the different cognitive and emotional 
stimuli given to them, indicating that attention is equally 
influenced by cognition and emotion(26–27).

Varying Levels of Negativity Produce Cognitive 
Differences

Emotions can affect both peripheral and neurological modes 
of perception and interpretation [28]. The mechanisms 
behind their generation are often explained through emo-
tional filtering process, which involves the processing of 
natural language after the initial filtering of emotional infor-
mation through attention and storing the processed infor-
mation is ultimately stored in memory(29–28). Memory of 
Humans and animals store six basic emotions: happiness, 
sadness, anger, disgust, surprise, and fear. These emotions 
are expressed consistently across cultures and races, and 
individuals can discern them through various informa-
tion, such as facial expressions, language, and body move-
ments(30–31). The Inner Canon of Huangdi recorded that 
emotional stability is crucial for promoting mental health 
and quality of life. Negative emotions, which may be due to 
stress and illness, can affect mental health, as well as judg-
ment and decision-making [32].
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The activation of anterolateral regions, including the pre-
frontal lobes in the brain, is associated with positive emo-
tions and personality. Due to the neuroplastic nature of these 
regions, they can be trained to improve functionality. Mind-
fulness-based meditation can have a positive effect on left 
anterior activation and long-term meditation can enhance 
the positive effects as well as reduce negative effects such 
as anxiety brought about from this region. The study found 
that the effect spilled over into immune function, with acti-
vation of the left anterior part of the brain leading to a faster 
rise in antibody titres in individuals [33]. Enhanced memory 
training mitigates negative emotions in depressed individu-
als, and highly cognitive individuals experiencing stressful 
events are less affected by negative emotions and decision 
making [34].

Variances in Experience Produce Differences in 
Perception

Experiences are patterns of cognitive behavior developed 
during social participation that can influence mental health 
[35]. Social participation includes events in which individu-
als engage with family, friends, peers, and other members of 
society [36]. Individuals may experience various negative 
events, such as illness, failure, property crises, and other 
experiences that can impact their levels of anxiety, depres-
sion, and overall life satisfaction [37]. Simultaneously, 
these experiences form memories and influence cognitive 
abilities. Surveys indicate that cultural and experiential 

disparities lead to seniors in the United States and Japan 
reporting greater disparities in recalling significant events 
throughout their lives, and exhibiting diverse personal-
ity traits and cognitive levels [38]. According to a study 
[39], exposure to adverse experiences and chronic stressful 
events may reduce the life goals and cognitive flexibility of 
children.

Cognitive flexibility develops gradually during child-
hood and adolescence, determining ability of individuals to 
adapt to environmental contingencies. Therefore, research-
ing intracerebral networks has become a breakthrough 
point in modulating cognitive flexibility [40]. Research has 
shown that the joint participation of the distribution network 
of frontal-parietal regions, such as PFC, anterior cingulate 
cortex (ACC), PPC, and insula, regulates cognitive flexibil-
ity. This network also supports the attention generation and 
persistence. Thus, experiencing CP not only affects cogni-
tive flexibility but also impacts attention [41, 42].

Although it has been shown that MT can improve cog-
nition and mindfulness, the controversy surrounding the 
effectiveness of clinical studies on MT is due to differences 
in various population. Individuals disparities can affectt 
the way DMN processes information, which can influ-
ence the development of individual thought and cognitive 
behavioral systems, ultimately affect attentional focus pat-
terns. Therefore, it is significant for MT studies need to use 
similar population to avoid biased results caused by signifi-
cant disparities. Figure 1 illustrates the interdependence of 
attention, emotion, and experience in determining cognitive 

Fig. 1 Mechanisms of mindful-
ness therapy for chronic pain. 
The management of chronic pain 
encompasses various components 
that specifically target pain symp-
toms, including the adjustment 
of cognitive patterns, perception 
of stress, secretion of cortisol, 
and enhancement of connectivity 
within relevant neural networks. 
Each of these mechanisms 
independently regulates the 
experience of pain. Therefore, 
mindfulness therapy possesses 
the capability to engage multiple 
regulatory systems for direct 
alleviation of chronic pain
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Attentional Bias

Maladaptive attentional bias is a passive process, similar to 
thought suppression, where the focus is on the CP, result-
ing in a response that reduces the perceived threat of pain. 
The focus on the pain is intrusive, leading to cognitive inter-
ference that increases fear and avoidance [47]. Research 
indicates that individuals with a higher cognitive load and 
attentional bias experience lower pain perception com-
pared to those with a lower cognitive load. This is because 
attentional processing influences pain-related brain nerves 
[48]. Thus, the brain receives information about pain at the 
expense of other stimuli and allocates attention preferen-
tially to pain-related stimuli. This prompts individuals with 
chronic pain to focus more on their pain, as it increases cog-
nitive conformity and enhances individual pain perception.

Unlike thought suppression, attentional bias can be used 
to reduce pain perception. Braithwaite et al [49] found that 
attentional bias and reframing of positive memories reduced 
the intensity of pain and fear reported by participants. Previ-
ous research has shown that deficient attentional process-
ing and negative physical threat-related interpretations have 
a significant cumulative impact on self-reported pain and 
pain-related worries/disasters. On the other hand, enhanced 
attention is the basis for improved cognitive functioning, 
and inadequate attentional allocation results in cognitive 
bias [50]. Cognitive biases may trigger catastrophic thoughts 
and emotions, which can exacerbate the experience of pain 
and lead to further catastrophic thoughts [49].

Effect of Chronic Pain on Cognition

Pain Catastrophizing

CP research often describes an individual’s psychological 
response to pain in terms of three constructs related to 
cognitive appraisal of pain: self-efficacy, catastrophizing, 
and fear avoidance [51]. Most studies suggest that pain 
catastrophizing is a form of extreme worry that exac-
erbates the negative effects of pathologizing concerns. 
It is characterized by a tendency to magnify the threat 
value of the painful stimulus, a feeling of helplessness 
and apprehension in the context of pain, and an inability 
to inhibit pain-related thoughts during the painful event 
[52]. Episodes of pain catastrophizing can lead to an 
increase in pain perception, which is unrelated to nega-
tive emotions. Furthermore, the induction of negative 
emotions can lead to a dysfunction in pain perception, 
resulting in an increase in the perceived intensity of pain 
[53]. Therefore, an increase in catastrophizing may lead 
to more intense pain, higher levels of fear avoidance, and 
stronger cognitive interference.

ability of individuals. Cognitive flexibility develops gradu-
ally during childhood and can be enhanced through specific 
training. In addition to attention, cognitive flexibility is also 
influenced by the level of cognitive processing and positive 
thoughts.

Relationship between Chronic Pain and 
Cognition

CP is typically evaluated through self-perception of patient 
and related questionnaires, as it cannot be directly detected. 
Zhu et al [43] discovered that individuals with CP experi-
enced more fatigue, higher stress levels, and lower levels 
of mindfulness. The statement suggests that the brain will 
automatically adjusts to ‘low energy consumption’ modes 
of response when receiving pain information. The negative 
stress and emotions induced in these modes will increase 
pain catastrophizing, decrease self-efficacy, and heighten 
perception of CP.

Strategies to Cope with Chronic Pain

Thought Suppression

When the CP information is inputted into the DMN to 
eliminate subjective pain perception, the DMN produces 
the thought ‘do not want the pain’. This phenomenon can 
lead to an increase in ‘unwanted’ thought, the cognition then 
continues to emphasize the thought and blindly retrieve it 
from memory, and the cognition continues to emphasize the 
thought and blindly retrieve it from memory. However, the 
suppression eventually seases, leading to a ‘rebound effect’, 
this effect provides the foundation for the development of 
phobic support [44].

The sensation of fear is regulated by the connections 
between the amygdala and key areas of PFC, specifically 
the ACC and orbitofrontal cortex. These areas are associ-
ated with thought inhibition. The networks of brain pas-
sively engage in thought suppression after receiving 
information about pain, resulting in effects that contradict 
their initial purpose. This phenomenon is explained by the 
environmental cues hypothesis. Based on this hypothesis, 
the brain automatically emphazies the ‘unwanted’ thought 
and searches for distracting information in memory and the 
environment. This can cause the thought to reappear in the 
mind and become linked with distractions, thereby increas-
ing the risk of stress and disease recurrence [45]. In addi-
tion, individuals with higher levels of mindfulness tend to 
suppress their thoughts less. It is inmportant to note that the 
theories of yhought suppression and attentional bias have 
similarities [46].
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feelings of self-blame, guilt, and anxiety. This can make 
it difficult for them to focus on learning about their con-
dition and effectively managing their rehabilitation [62].

The relationship between emotions and pain is recip-
rocal. Pain can guide emotions, while emotions can also 
guide pain perception. According to Christiansen et al., 
emotions can be beneficial when they appropriately guide 
sensory processing, enhance decision-making abilities, 
or provide information about the best course of action. 
However, they can be potentially harmful when the inten-
sity, duration, frequency, or type of emotion is inappro-
priate for a given situation [63]. The brain encodes input 
information and triggers emotions through the decision-
making ability, sensory processing, and situational fac-
tors. In the case of painful stimuli, the brain determines 
the intensity and duration of the pain and triggers associ-
ated emotions, leading to varying levels of anxiety and 
depression. It is important to maintain objectivity and 
avoid subjective evaluations.

Pain Perception is Influenced by Stress

Not only emotions, but also stress and pain are closely 
related. Healthy individuals exposed to acute stress tend 
to show a decrease in pain perception and an increase 
in pain tolerance. This phenomenon is known as stress-
induced analgesia. However, in patients with chronic 
pain, stress directly increases pain perception. Previous 
studies have suggested a positive correlation between 
stress perception and pressure receptor activation. How-
ever, recent research has contradicted this [64].

Pressure receptors are mechanosensitive elements of 
the peripheral nervous system that help maintain homeo-
stasis in the body. They coordinate the physiological 
responses of the internal and external nervous systems. 
The transmission of signals through the vagus nerve and 
the glossopharyngeal nerve by pressure receptor afferent 
nerves has an inhibitory effect on pain perception [65]. 
However, pressure can directly affect the transmission 
rate of signaling substances and inhibit the activation of 
pressure receptors, making it difficult for them to exert 
their homeostatic effect [66]. When an individual expe-
riences pain, pressure receptors are activated, which in 
turn affect their heart rate, respiration, and blood pres-
sure. The pressure receptors also transmit signals to areas 
such as the ACC, PFC, and amygdala. These areas work 
together to integrate the individual’s perception of injury, 
awareness, and cognition [67]. CP can impact pressure 
perception and disrupt the balancing effect of pressure 
receptors. Therefore, restoring signaling is an important 
mechanism to reduce stress perception and improve an 
individual’s level of mindfulness.

Pain catastrophizing and pain-related fear are partially 
overlapping constructs. The fear component of catastro-
phizing may cause individuals to prioritize information 
about pain-related stimuli, resulting in attentional bias. 
For instance, if an individual believes that thinking about 
and analyzing their pain or emotions will help to resolve, 
cope with, or prevent the pain, they may engage in over-
thinking that exacerbates pain catastrophizing [54]. Rabi-
nowitz et al [55] observed that PFC is the brain region 
associated with catastrophizing. This region is involved 
in executive control aspects related to emotional and 
cognitive pain processing. A reduced ability to distract 
from pain or hypervigilance to painful stimuli may also 
interfere directly with cognitive performance by taking 
away attentional resources needed for effective cogni-
tive processing. The PPC in the brain has a wider role in 
attentional focusing. It regulates the dynamic interactions 
between the DMN and the hetero-modal cognitive con-
trol and attention networks [56]. Pain catastrophizing can 
lead to negative attitudes such as fear, avoidance, anxi-
ety, and depression. This is often caused by experiences 
of psychological injury, worsening pain, and social harm, 
which can interfere with cognition [57].

Self-Efficacy for Pain

Both pain self-efficacy and pain catastrophizing are sig-
nificant factors in the experience of individuals coping 
with common pain conditions such as arthritis and cancer 
[58]. Self-efficacy refers to confidence of an individual in 
their ability to manage pain. CP can reduce self-efficacy 
over time due to coping mechanisms such as thought 
suppression and attentional bias. These mechanisms can 
promote higher levels of catastrophizing, undermine con-
fidence of individuals in their ability to manage pain, and 
lead to lower levels of cognition as well as maladaptive 
behaviors. Research has shown that self-efficacy is neg-
atively correlated with fear of pain and exercise avoid-
ance. Combining educational and exercise interventions 
can improve self-efficacy in athletes, and reduce fear and 
avoidance beliefs, and enhance cognitive abilities. Early 
cognitive training involves multiple cognitive domains 
can also enhance self-efficacy, cognitive abilities, and 
positive emotions in seniors(59–60).

Pain Intensity is Influenced by Emotions

Individuals with CP exhibit reduced cognitive abilities 
compared to those without condition, these changes are 
influenced by emotional factors related to CP rather than 
the pain itself [61]. Individuals with chronic pain often 
experience a significant emotional burden, including 
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the sensations brought about by pain and to restructure their 
cognitive processes and content of pain catastrophizing [76].

During the transition period, the shift to cognitive condi-
tioning causes an attentional shift that disrupts the normal 
cognitive structure. According to Day et al., observing brain 
waves showed that MT reduces the beta band of deteriorat-
ing cognition and behavior, making the individual’s attention 
more focused and flexible [77]. Another study shown that 
emotion, as a cognitive factor, can significantly impact pain 
perception [78]. Positive beliefs and expectations conveyed 
by MT can improve pain threshold and tolerance of indi-
viduals. MT interventions, such as positive thought medita-
tion, provide individuals with complete attentional control, 
enhancing cognitive control and thoughts. Anxiety states and 
negative affect are linked to attentional control. MT increases 
theta-wave power, which has direct benefits not only for 
anxiety states but also for negative states such as anger and 
depression that trigger thought suppression [79]. Therefore, 
MT can alter pain perception of individuals by communicat-
ing positive beliefs and expectations, modulating attention, 
and reducing catastrophizing and related emotions.

Cellular Molecular Mechanisms of Mindfulness 
Therapy for the Treatment of Chronic Pain

Mindfulness Therapy Reduces Cortisol Secretion to Treat 
Pain

A study indicates that MT may decrease the perception of stress 
by effectively reducing cortisol secretion [80]. Pain amplifies 
stress perception in individuals experiencing chronic pain, 
making it challenging to maintain a positive emotional state 
[81]. This amplification not only originates from the body, 
but CP also affects the pituitary gland and hypothalamus with 
abnormal signaling, generating more mental stress [82].

Excessive stress leads to increased in cortisol produc-
tion in the brain. Cortisol has an anti-inflammatory effect 
by binding to the glucocorticoid receptor. Abnormal corti-
sol secretion decreases the compensatory properties of the 
receptor, rendering it unable to bind to cortisol properly. 
This disruption leads to prolonged pain persistence(83–84). 
CP can cause stress, which may lead to an abnormal physi-
ological stress response and the persistence of pain.

The amygdala in the brain processes stressors by rapidly 
assigning emotional significance to events in the environ-
ment. It is beliThus, MT has a psychological impact on 
individuals by reducing the amount of cortisol secreted 
to alleviate the effects of perceived stress and achieve 
pain relief.eved to be involved in coordinating behavioral 
changes induced by stressors, particularly in unfavorable 
environmental conditions and stressors that negatively 
impact health [85].

Mechanisms of Mindfulness Therapy for 
Chronic Pain

Psychological Mechanisms of Mindfulness Therapy 
for the Treatment of Chronic Pain

Mindfulness Therapy Reduces Stress Perception to Treat 
Chronic Pain

Research has shown that pain resulting from trauma, mus-
culoskeletal disorders, or other illnesses can be distressing 
to individuals. Conversely, exercise that results in muscle 
soreness can enhance individual well-being [68]. The higher 
incidence of CP in women may be due to gender disparities 
in how individuals react to stressful events. Men are usu-
ally more sensitive to work-related stress, while women are 
more susceptible to life-related stress(69–70). Furthermore, 
stress is a known factor in the development of CP [71].

A study has shown that MT intervention can decrease 
subjective stress perception and enhance well-being [72]. 
MT is characterized by two features: grounding attention 
and perception in the present moment, and openness and 
acceptance of experience of their own [73]. The former is a 
behavioral approach that trains skills to reduce an individ-
ual’s primary threatening and negative emotional responses 
to everyday stressors. The latter is a cognitive approach that 
improves attitudes towards the self to reduce evaluative and 
judgmental narratives about the individual’s experiences, 
i.e. judgemental behavior/thinking. After completing mind-
fulness training, an individual’s non-judgmental behaviors, 
thoughts, and cognitions are likely to increase, leading to 
a reduction in stress caused by judgment and overthinking 
[74]. This hugh level of cognitive function not only reduces 
the perception of stress but also restores the balancing effect 
of stress receptors.

Positive Thought Therapy Adjusts Cognitive Patterns to 
Treat Chronic Pain

Individuals with CP typically exhibit stimulus-dependent 
pain responses. However, individuals who engage in long-
term meditation do not display such responses. Wielgosz et 
al [75] hypothesized that during orthostatic training involves 
a gradual shift from sensory to cognitive pain modulation. 
They suggest that this transition may be related to changes 
in pain catastrophizing of individuals, and that this gradual 
transition from a sensory to a cognitive modulation pattern 
may be related to changes in pain catastrophizing of indi-
viduals. The change in the pattern could be attributed to 
the fact that MT improves control over pain perception of 
individuals. MT requires individuals to confront and accept 
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modulate respiratory rate, heart rate, and muscular exer-
cises, which can help reduce stress perception.

Neurological Mechanisms in the Brain of 
Mindfulness Therapy for Chronic Pain

The Triple Network of the Brain Regulates Cognitive Levels

The brain’s Central Executive Network (CEN), DMN, and 
Salience Network (SN) work together to generate and regu-
late emotions, attention, and cognitive processes. These net-
works can be modified through training [6]. The DMN is 
thought to reflect various cognitive processes, such as situ-
ational memory retrieval, autobiographical memory, inter-
nal thinking, self-relevant and social cognitive processes, 
value-based decision-making, and emotion regulation. Its 
significant connections are with the hippocampus and the 
amygdala. SN is a brain system responsible for detecting, 
integrating, and filtering relevant internal perceptual, auto-
nomic, and emotional information. Its pivotal nodes are 
located in the insulae of the ACC. The SN is centered on the 
dorsolateral prefrontal cortex (dlPFC) and the PPC. It modi-
fies and monitors the state of CEN and DMN, and receives 
an allocation of attentional resources to support cognitive 
control and processes mentally demanding activities and 
working memory [100].

Mindfulness Therapy Regulates Nerves

Individuals with CP exhibit increased activity in several 
brain regions, including the dlPFC, vlPFC, orbitofrontal 
cortex, somatosensory cortex, amygdala, thalamus, and hip-
pocampus. In contrast, healthy individuals show increased 
activation of the anterior cingulate cortex and anterior insu-
lar cortex, and decreased activation of the thalamus [101]. 
Pain is believed to be caused by injury receptors that trans-
mit signals from the peripheral tissue to the dorsal horn 
of the spinal cord. This injurious information then travels 
to the brain on the opposite side of the pain site through 
the spinal thalamic pathway, with feedback connections 
between lower sensory regions playing a crucial role. The 
feedback connections involve brain regions such as the 
thalamus. Subsequently, harmful information is transmitted 
to the posterior insular cortex and the anterior insular cor-
tex. These regions are further refined to activate the PFC, 
ACC, and other higher-order brain regions [102]. The PCC, 
ACC, PFC, and subcortical regions are all central sites for 
controlling attention, regulating emotion, and enhancing 
self-awareness.

MT modifies the central site, which includes the brain 
regions mentioned above. Changes in these brain regions 
and the amygdala are accompanied by functional and 

Mindfulness Therapy Reduces Expression of 
Inflammatory Factors in the Treatment of Chronic 
Pain

In indivuduals with CP, MT not only affects cortisol secre-
tion but also reduces the expression levels of IL-1β, IL-6, 
and TNF-α [86–88]. The increase of inflammatory factors 
by pain may be due to the activation of the amygdala in 
the brain when individuals are afraid of CP, which leads to 
the release of catecholamines from the brainstem, which in 
turn leads to the proliferation of inflammatory factors [89], 
whereas IL-1β and IL-6 are representative inflammatory 
factors that are widely used to detect inflammatory changes 
and to predict major depressive disorder [86, 90].

In individuals with depression, proliferation of inflam-
matory factor affects neurotransmitter synthesis, signaling, 
metabolism, and function. It also has a severe impact on the 
morphology of PFC and hippocampal regions of the brain 
and can influence mood circuits in the central nervous sys-
tem [91]. In individuals with chronic pain, inflammatory 
factor proliferation also increases pain sensitivity, which 
accelerates the vicious cycle between stress, inflammation, 
and pain [92]. CP has been found to have a close associa-
tion with depression and anxiety. This association leads to 
higher levels of inflammatory factors expression and lower 
cognitive performance among individuals with CP(93–94). 
Furthermore, inflammatory factor expression levels are 
closely associated with sarcopenia, which may explain the 
reparative effects of MT on skeletal muscle [84].

Mindfulness Therapy Repairs Soft Tissue for Chronic Pain

Musculoskeletal pain can have various causes, including 
injury, receptor sensitization, trigger point formation, and 
musculoskeletal transmission signals. Chronic stress can 
also contribute to the development of pain by increasing 
muscle tension and sensitivity, resulting in a startle reflex 
that perpetuates pain. These causal connections have been 
established in previous research(95–86). Cervical spondy-
losis is a musculoskeletal disorder that causes chronic neck 
pain. It has been reported to be associated with increased 
apoptosis in neck muscles and nerve cells [95]. Psychologi-
cal studies have shown that individuals with CP may avoid 
exercise due to excessive attention paid to pain, which can 
lead to neglecting exercises aimed at improving muscle 
function, resulting in a vicious cycle of decreasing muscle 
function, stress, and anxiety(96–97). Thus, prioritising 
muscle exercises is a crucial component in the treatment of 
chronic pain. Yoga is a mind-body practice that promotes 
positive emotional, mental, and muscular functioning, and 
can improve muscle function in patients with CP [98]. 
Furthermore, Herbert et al [99] have shown that yoga can 
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some controversy surrounding its effectiveness. This may 
be due to cognitive differences between different popula-
tions, and therefore, more high-quality clinical trials are 
needed to validate its efficacy in the future.

Cognitive testing and pain assessment both use question-
naires to evaluate cognitive levels. However, neurological 
studies rely on observing changes in brain area networks 
through techniques such as MR and EEG. Unfortunately, 
the use of different observation methods often leads to dis-
crepancies in data between studies. Thus, it is necessary to 
establish a uniform method for validation and to reduce dis-
crepancies when detecting pain and cognitive levels.

One advantage of MT is that operators can choose dif-
ferent forms based on the occurrence and causes of CP. 
However, MT should only be implemented by professional 
operators to avoid discrepancies caused by human factors. 
Therefore, researchers need to ensure uniform training and 
testing of MT operators.

Current research on the mechanisms of MT focuses on 
the neurological, psychological, and hormonal aspects of 
the brain that can impact cognition and behaviour. However, 
few studies have have considered cognitive differences 
when selecting experimental population. Future studies 
should aim to avoid population with significant cognitive 
disparities between individuals. At the same time, studies 
can compare the mechanism of medical treatment in differ-
ent population to identify disparities and reasons for such 
variations. This can lead to the development of a rich, stan-
dardized, and unified theory. As the mechanism of medical 
treatment for diseases is still not completely understood, it is 
necessary to continue to strengthen relevant basic research.
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structural alterations in the brain. Ong et al [103] discovered 
that the PFC has a dual role in pain. On the one hand, it can 
mediate resistance to painful feelings through connections 
with other cortical areas. On the other hand, it participates 
in inducing chronic pain by suppressing impaired thoughts, 
behaviors, and emotions. Additionally, ACC is believed to 
be involved in both pain and emotional processing, becom-
ing active when an individual directs their attention towards 
the site of the pain. The ACC and frontal insular cortex are 
also part of SN, which facilitates cognitive processes by 
linking brain regions that are far apart(104–105).

Research has shown that mindfulness-based art therapy 
(MBAT) can increase blood flow to specific areas of the 
brain, such as the insular cortex, amygdala, hippocampus, 
and striatum. Additionally, undergoing MBAT can lead to a 
decrease in activation of the ACC in response to stressors, 
indicating that MBAT may help regulate the stress response 
and anxiety levels [106]. MT improves functional connec-
tivity and activates areas of the PFC, enhancing vigilance, 
visuospatial processing, working memory, and cognitive 
flexibility. The PCC and PFC are key regions of the DMN, 
which is overactivated in a negative state. The DMN can 
invade the CEN, affecting attentional control [107]. A study 
has shown that mindfulness-based cognitive therapy can 
alter connectivity and somato-motor networks in the dACC, 
alPFC, and anterior insula regions during depressive rumi-
nation. Furthermore, these brain regions can predict the 
response to psychotherapy for depression. Moreover, dur-
ing the intervention, MT enhances the functional connec-
tivity of the triadic network. It is important to note that the 
internal connectivity of the DMN is strongly correlated with 
the level of positive thoughts. Additionally, MT decreases 
the activation caused by noxious heat in the supplementary 
motor area, bilateral secondary somatosensory cortex/pari-
etal lid, and posterior insula [108].

Therefore, it is suggested that MT may enhance ability of 
individuals to control pain perception by increasing the inter-
nal and external connectivity of the triple network model. It 
may also modulate the involvement of mental states such as 
stress, anxiety, depression, environmental CP and co-symp-
toms caused by CP. Furthermore, MT may help to train more 
efficient brain states with higher regulation of energy expen-
diture in the human brain, while also improving limited atten-
tion, cognitive control, and conscious processing.

Conclusion

This review describes the relationship between MT and 
CP and the mechanism study (Fig. 1). The impact of CP on 
cognition has been established, and while the use of MT as 
a therapy has gained widespread acceptance, there is still 
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