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Abstract: A negative correlation exists between attention and pain. The cognitive impairments linked to pain can significantly impede
a patient’s healing process and everyday tasks, particularly for individuals experiencing persistent pain. Furthermore, it has been
demonstrated that diversion can effectively decrease pain levels in individuals. The focus of this review is to analyze clinical trials and
fundamental investigations regarding alterations in focus and persistent discomfort. Moreover, we investigated the common neuroa-
natomy associated with attention and pain. Furthermore, we examined the impact of various neuromodulators on the transmission of
pain and processes related to attention, while also considering the potential neural mechanisms that contribute to the co-occurrence of
pain and attention deficits. Further investigation in this field will enhance our comprehension of patient symptoms and the underlying
pathophysiology, ultimately resulting in more objective approaches to treatment.
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Introduction

Pain is an individual and intricate feeling that hinders physical ability, emotional well-being, and social interaction, and its
intensity can be influenced by different factors including biological, psychological, and social circumstances. The classic
definition of pain is as follows: it represents an unpleasant sensory or emotional experience associated with actual or potential
tissue damage.' From a “biopsychosocial” medical perspective, this new definition of pain adds cognitive and social dimensions
to the old definition of pain used by the International Association for the Study of Pain (IASP) since 1979. The reason behind
chronic pain (pain that persists for 3—6 months or more) is frequently a sudden noxious stimulus or injury. Chronic pain has
neurological, inflammatory, or idiopathic origins. Studies have shown that chronic pain problems are already prevalent in the
general population. The number of Americans suffering from chronic pain is estimated to be as high as 50 million.? The
attentional aspects of cognitive functioning are also somewhat affected in patients with pain, in addition to sensory symptoms
such as nociceptive hypersensitivity and pain hypersensitivity. It is hypothesized that attention and pain processing share neural
systems and regulate each other.

Our environment generates a vast quantity of sensory data. By choosing the most relevant stimuli from the surrounding
environment and filtering out less relevant information, we can promptly respond to important environmental changes and
accomplish behavioral goals with greater efficiency. This cognitive process is generally known as attention.” Furthermore,
attention has been identified as falling into two broad categories, top-down and bottom-up, with the difference primarily being
whether or not one actively seeks target information in the environment based on voluntary selection factors.* Due to their
biological salience, pain and attention are intrinsically linked; pain is essentially a sensory process that requires attention. The
objective of this review is to review clinical studies on attention deficits in pain patients and determine whether pain negatively
affects attention. Additionally, our research centers on the neurological foundations that potentially contribute to attentional
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deficits in individuals experiencing pain, encompassing neuroanatomical structures and neurotransmitter systems. We also
focus on studies on the pain-relieving effects of attentional interventions, for example, whether shifting the focus of patients
with pain results in a reduction or enhancement of pain levels. Furthermore, this review seeks to utilize clinical and preclinical
research to help us comprehend the interactions between pain and attention.

Clinical Evidence of Pain Comorbidities in Attention Deficit
The growing number of patients with chronic pain who self-report difficulties with attentional focus, as well as the wide range
of economic and psychological consequences of this comorbidity, have sparked an intense interest in the neurobiological
mechanisms of attentional deficits in pain comorbidities and the impact of pain on a variety of attentional processes. Numerous
studies have previously investigated disruptions in concentration processes in a variety of prevalent pain syndromes.”’ Pain
questionnaires, numerical rating scales (NRS), and visual analog scales (VAS) were the frequently employed assessments in
these studies to measure pain intensity. Additionally, attention tests were also utilized. Selective series reaction time tests
(5-CSRTT) and continuous performance tests (CPTs) are the two main types of attention tests. The former is frequently
employed in basic research, while the latter is utilized in clinical practice.

In addition, pain is primarily a sensory process that requires focus. Patients with pain frequently report concentration
difficulties;*° at the same time, empirical studies have shown evidence of attention deficits among patients with chronic

1912 particularly with regard to attentional switching and attentional interference. Attention is a selection mechanism for

pain,
prioritizing task-relevant information over irrelevant (distracting) information, ie, it is a filtering mechanism that involves
some cognitive resources. Assuming that stimuli induced by pain must compete for limited cognitive resources with other
stimuli requiring attention,'® persistent stimulation may disrupt top-down attentional control mechanisms, impairing the
ability to filter out irrelevant signals and resulting in poor task performance.'® In addition, pain can lead to plastic changes in
certain neural pathways, and this rewiring or reorganization of neural connections in particular areas of the brain can disrupt
regular cognitive processes.'>'® Furthermore, there is a suggestion that the neurochemical substances discharged throughout
persistent pain could potentially impair cognitive functions.'” Consequently, the abovementioned causes may contribute to
cognitive dysfunction and even attention deficits due to pain. Multiple chronic pain disorders, such as fibromyalgia, migraine,
chronic back pain, rheumatoid arthritis, diabetic neuropathy, osteoarthritis, CRPS, and multiple sclerosis, have been the
subject of numerous studies that have shown their comorbidity with attention deficits.

Potential Neural Mechanisms of Comorbid Attention Deficits in Pain

Functional Areas of the Brain in Pain and Attention

Functional magnetic resonance imaging (fMRI) is a developing neuroimaging method that employs magnetic resonance
imaging to identify hemodynamic alterations instigated by neural activity.'® This allows researchers to pinpoint functional
areas in the brain activated under specific experimental conditions. Recent studies utilizing this neuroimaging technique
have contributed significantly to our comprehension of the neuroanatomical relationship between pain and cognitive
processing. In a meta-analysis of 67 functional magnetic resonance imaging (fMRI) studies of vigilant attention, 14
functional areas of the brain that were consistently activated during various sustained attention tasks were identified."”
These regions include (1) bilateral presupplementary motor area (pre-SMA) and midcingulate cortex, extending to more
anterior medial prefrontal cortex (PFC); (2) bilateral inferior PFC extending to the ventral premotor cortex (VPMC);
(3) bilateral anterior insula, including the right frontal cap; (4) bilateral thalamus; (5) right PFC; (6) right temporoparietal
junction (TPJ); (7) right inferior parietal lobule and intraparietal sulcus (IPS); (8) left dorsal PMC (dPMC); and (9) cere-
bellar vermis.'” In contrast, seven brain regions have been identified as the most frequently activated in the brain’s
processing of pain information in the body: somatosensory cortical areas 1 and 2 (SI and SII), insular cortex (IC), locus
coeruleus (LC), thalamus, prefrontal cortex (PFC) and anterior cingulate cortex (ACC).*°

ACC and Pain Comorbid with Attention Deficit

In the above studies, it was shown that functional brain regions involved in pain processing are also involved in the regulation
of body attention. The ACC is a functional central region of the brain that influences the coordination between multiple neural
networks in the brain. Klein et al identified synaptic connections between the ACC and limbic regions (eg, thalamus,
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hippocampus, and amygdala) by fMRI and confirmed the ACC’s function in the control of selective attention, working
memory, and false consciousness.?' This finding indicates that the ACC may serve as an essential component in maintaining
the functional integrity of brain networks involved in attention. In a study by Buckingham et al comparing ACC activation in
healthy subjects and patients with chronic pain, all subjects were required to simultaneously execute an executive, continuous
task that demanded constant attention.”” In the experiments, it was found that ACC activation is influenced by pain and
sustained attention tasks, and an inverse relationship exists between these two different types of activation. Moreover, fMRI
research has demonstrated that activation of attention-related ACC regions differs between patients and controls. In light of the
above experimental results, it can be concluded that pain alters the normal processing of the ACC, which may be one of the
causes of attention deficit disorder. Furthermore, according to the limited resources doctrine, the rivalry between pain and
attention over limited cognitive resources in the anterior cingulate cortex (ACC) may impact the connectivity of attentional
networks, resulting in attentional deficits in pain (Figure 1).

PFC and Pain Comorbid with Attention Deficit

The prefrontal cortex (PFC) is involved in executive function, attention, nonverbal memory, and visuospatial ability. It has
been found that the PFC is responsible for both emotion processing and the downregulation of emotional states such as pain, as
well as for several cognitive functions such as cognitive flexibility, working memory, and planning.>* Silva'® et al used
transcranial direct current stimulation (tDCS) on the dorsolateral prefrontal cortex (DLPFC) of patients with fibromyalgia to
assess attentional indices with the attentional network test (ANT). According to the results, the experimental group showed
improved performance on the attentional networks of orientation and execution compared to the control group but did not
affect performance on the attentional networks of alertness. However, it has also been discovered that the input of harmful
information may have a dual impact on the activity of the prefrontal cortex. For example, the medial prefrontal cortex responds
directly to injurious input with an intensity-dependent increase in activity.24 Nonetheless, nociception activation inhibits the
activity of the medial prefrontal cortex, which may be regulated by dopamine in the amygdala.>® Although externally
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Figure | Potential Neural Mechanisms of Comorbid Attention Deficits in Pain. Changes in cognitive resource redistribution, neurotransmitters, and neuroplasticity may
underlie the comorbid neural basis of the interaction between pain and attention deficit. Created by figdraw.
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induced pain may activate the medial prefrontal cortex, chronic deleterious input may increase activity elsewhere, thereby
decreasing output from the medial prefrontal cortex. For instance, the activation of the medial prefrontal cortex by initial pain
will lead to increased attention, awareness, and concentration. However, sustained noxious input may activate the amygdala,
resulting in a preponderance of inhibitory input from the medial prefrontal cortex, which reduces activity and impairs
attentional operations.?” Additionally, fMRI studies have shown that patients with autism spectrum disorders have insufficient
activation of the medial prefrontal cortex during reward inversion,*® as well as insufficient activation of the DLPFC during
sustained attention and working memory.?’

IC and Pain Comorbid with Attention Deficit

The insular cortex (IC) is a functionally heterogeneous region of the brain associated with somatic and visceral sensory processes,
autonomic regulation, and motor processing.*” In the early stages, the insula was primarily considered a low-level “marginal”
structure. In recent years, an increasing number of studies have demonstrated that the functions of the insula are varied and
intricate. In addition to detecting salience®' and predicting risks,** the right anterior insula also contributes to the regulation of
attention.” Given that this part of the brain is important for many cognitive tasks, it recently came to light that the right anterior
insula (AI) is an essential component in a large-scale brain network that also includes the anterior cingulate cortex (ACC).** It has
also been found that IC activation induced by experimental heat pain decreases when subjects are distracted by visual stimuli.>’
The pain-induced changes in neuronal activity in the insular cortex of healthy subjects were also reduced when other distracting
tasks were performed.*®

Thalamus and Pain Comorbid with Attention Deficit

In primates, the thalamus receives sensory input from all parts of the body, including pain (except smell), and transmits it
to the cerebral cortex. In addition to acting as a switching station for sensory information, parts of the thalamic nucleus
also receive input from cortical or subcortical structures. Among the main sources of thalamic inhibition is the thalamic
reticular nucleus (TRN), which is thought to govern thalamic cortical interactions and is crucial for sensory processing,
attention, and cognition.>’ >° Previous studies have also confirmed that TRN dysfunction is associated with sensory
abnormalities, attention deficits, and sleep disorders in various neurodevelopmental disorders.** >

LC and Pain Comorbid with Attention Deficit

The locus coeruleus (LC) contains a significant number of norepinephrine (NE) synthetic neurons, which form synaptic
connections with numerous functional nuclei of the central nervous system; therefore, the LC-NE system may be associated
with the regulation of arousal, attention, and stress response. Previous studies have shown that pain can lead to neuroplasticity and
neurochemical changes in the LC-NE system; for example, peripheral nerve injury can increase excitatory synaptic transmission
of LC neurons in the experimental mouse brain after 7 days of chronic contractile injury.* Additionally, alterations in LC activity
have been linked to attention deficits. Since LC-NE activity is the primary source of prefrontal norepinephrine, it influences all
cognitive processes that support attentional executive function.** When a person engages in cognitive processes, cortical
norepinephrine activity may regulate cognitive function, particularly attention, by modulating overall arousal levels and setting
basal levels of cortical activity.*> Therefore, the above studies suggest that pain alters the activity of the LC-NE system, and that
the LC plays a crucial role in the regulation of attentiveness, both of which suggest that the LC-NE system serves as an important
mediator system in the occurrence and development of pain comorbid with attention deficit.

Neurotransmitters and Receptors in Pain and Attention Processes

Numerous prior studies have argued, either directly or indirectly, that several neurotransmitter systems involved in pain
processing may also be implicated in attentional activity regulation.’”***® This paper’s objective is to review the
evidence that indicates that different neuromodulators (GABA, ACH, DA, NA, and 5HT) play a direct or indirect role in
pain and attention. However, there is currently no direct evidence linking the two.

GABA and Pain Comorbid with Attention Deficit
Gamma-aminobutyric acid (GABA) was discovered to be extensively dispersed throughout the neuraxis. As an inhibitory
neurotransmitter, GABA inhibits neuronal activity by inhibiting the release of other neurotransmitters.** Consequently, it is
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hypothesized that GABA reduces the perception of pain by delaying sensory transmission. GABA receptors come in three
subtypes: GABAA receptors, GABAB receptors, and GABAC receptors. GABAB receptors are metabotropic receptors,
while GABAA receptors and GABAC receptors are ionotropic receptors. Various studies have shown that GABAB agonists
can effectively relieve thermal nociceptive sensitization associated with acute or inflammatory pain when administered
systemically or intrathecally.’®>" The relatively high concentrations of GABA in the brain and spinal cord, as well as its
widespread distribution, indicate that it plays a substantial role in modulating the majority of functions of the central nervous
system, including slowing cognitive processes and inducing sedation. Thus, it may be possible to link pain transmission and
cognitive systems (including the attentional system) through GABA. In an inflammatory pain model, overactivation of the
basolateral amygdala led to increased levels of GABA in the PFC and impaired performance on pain-induced emotional
decision-making tests in rats.”” Nagai et al found that spiny neurons (MSNs) in the striatum trigger astrocyte signaling via
y-aminobutyrate B (GABAB) receptors and then selectively activate this pathway by chemogenetic means, thereby causing
acute hyperactivity and disruption of attention.”> GABAB receptors also play a regulatory role in pain pathways. Clinically,
the GABAB receptor agonist baclofen is the drug of choice for multiple sclerosis and spinal cord injury spasticity.
Additionally, it can be used to relieve pain from spinal cord injury and trigeminal neuralgia. In normal rats, administration
of GABAA receptor antagonists or GABAB receptor antagonists produces hypersensitivity to heat and touch. In contrast, the
GABAB receptor agonist baclofen, when administered trans-spinally, produced antinociceptive effects in the tail-flick assay.™
The co-expression of GABA receptors subtypes may be linked to the neural mechanisms of chronic pain alongside attention
deficits. However, additional research is required to elucidate the underlying mechanisms.

NA and Pain Comorbid with Attention Deficit

The noradrenergic system is closely associated with the transmission of nociception in the spinal cord, with downstream
noradrenergic neurons playing a key role in endogenous analgesia. In rats subjected to injurious stimuli, excitatory activity in
the bilateral LCs and release of norepinephrine through projections to the bilateral spinal dorsal horns can be observed.”*>°
This is because the LC, located in the brainstem, is the largest noradrenergic nucleus in the brain.”” LC neurons are capable of
projecting through the noradrenergic system to almost the entire central nervous system to modulate sensory gating and
responses, including cognitive function (attention and memory), sleep and arousal, anxiety, and pain.*® It has been demon-
strated that the noradrenergic downstream inhibitory system from the LC to the dorsal nucleus of the spinal cord plays an
essential function in the analgesic mechanism of gabapentin and antidepressants (tricyclic antidepressants and 5-hydroxy-
tryptamine noradrenaline reuptake inhibitors). Previous research has demonstrated that drugs that inhibit the reuptake of
norepinephrine, like atomoxetine (ATO) or nortriptyline, have the ability to markedly decrease impulsive conduct in rodents.
The evidence for this can be seen in fewer premature responses when performing the 5-Choice Serial Reaction Time Task
(5-CSRTT) or enhanced performances in the Stop Signal Reaction Time Task.’*®' Similarly, the administration of NE
receptor agonists enhanced rodent attentiveness and decreased impulsivity.**** For instance, guanfacine, a drug that
stimulates the alpha-2 adrenergic receptor, has proven to be effective in treating attention deficit hyperactivity disorder.®>**
Correspondingly, studies have shown that certain NE receptor blockers (mainly a-1 receptors) do not have any notable or
negative impact on impulsivity and sustained attention in rodents when administered in isolation.**> In conclusion, the
aforementioned clinical and basic studies have demonstrated that the noradrenergic system is involved in the regulation of
attention and plays a key part in the transmission of nociception within the body and that additional research is required to
determine how pain influences attention via the NE system.

5-HT and Pain Comorbid with Attention Deficit

Serotonin, also known as 5-HT, is a monoamine neurotransmitter found widely in both the peripheral and central nervous systems
(CNS). It plays a role in various physiological and behavioral conditions, including but not limited to major depression, anxiety
disorders, schizophrenia, bipolar disorder, autism spectrum disorder, obesity, and pain perception. A well-established fact is that
downstream 5-HT pathways influence nociceptive information processing in the spinal cord either in an inhibitory (downstream
inhibitory) or facilitative (downstream facilitative) manner, according to the type of receptor and the underlying pain state.*®¢”
Based on pharmacological, structural, and transduction properties, the 5-hydroxytryptamine receptor family is divided into seven

subfamilies (5-HT1-5-HT7), comprising 15 receptor subtypes. However, the role of the different receptor subtypes in nociceptive
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neurotransmission is still unclear. 5-Hydroxytryptamine receptors play various roles in regulating pain, but the 5-HT 1a receptor
appears to play a more critical role.®® Research conducted on individuals has indicated that numerous areas implicated in pain
regulation or modification, including the central suture nucleus, amygdala, cingulate cortex, insula, and prefrontal cortex, exhibit
significant concentrations of 5-HTla receptors.®® 7% A significant quantity of 5-HT2a receptors were discovered in various
regions of the rat brain involved in pain modulation pathways downstream from the brainstem, such as the nucleus raphe magnus,
ventrolateral periaqueductal gray, spinal dorsal horn, reticular formation, central gray, thalamus, cerebral cortex, and limbic
structures.”' Compared to ACh, DA, and NA, 5-hydroxytryptamine acts less directly on top-down attention, but it does affect
top-down attention and spatial working memory. As an example, systemic administration of 5-HT2A agonists in rats resulted in
decreased accuracy (attention) and increased impulsivity (response disinhibition) in the 5-CSRTT.”? Nevertheless, direct
injections of a 5-HT2A/C antagonist into the rodent mPFC decreased impulsivity but not attention.”® This difference may
suggest that the effect of 5-HT on attention/accuracy is elicited in a different region than the mPFC. Additionally, blocking
5-HT1A and 5-HT2A receptors may counteract the deficit in 5-CSRTT performance that occurs when NMDA receptors are
blocked.” In spite of this shared impact on precision, the two receptor subtypes operate distinctively when it comes to focus
(accuracy). For example, 5-HT1A blockers improve accuracy by reducing the effect of NMDA receptor blockers, whereas
5-HT2A blockers affect accuracy by reducing impulsivity. Due to this dissociation, it has been suggested that 5-HT2A receptors
are crucial in the attentional regulation of regulatory response inhibition.”” In conclusion, the serotonergic system is implicated in
both pain and attention, but distinct 5-HT receptors may regulate each differently.

ACH and Pain Comorbid with Attention Deficit

According to recent studies, the cholinergic system of cortical projection starts in the basal forebrain (BF) and is involved in
cognitive processes like wakefulness, focus, acquisition of knowledge, retention, and even awareness.’®’’ Several prior
investigations have demonstrated that the cholinergic system plays a vital function in the control of attention from higher
cognitive processes. Selective attention deficits occur in primates and rodents when the cholinergic system is damaged, while
other cognitive functions like learning and memory remain unaffected.”® The increase in cholinergic drive facilitates
attentional performance, especially when the task demands are high and distracting stimuli are present.”” There is less
proof to support the role of the cholinergic system in pain regulation. Nevertheless, this transmitter plays a direct and indirect
role in the downstream inhibition of pain,®” and the involvement of nicotinic and muscarinic receptors on neurons in pain
transmission has been suggested. Studies have shown that centrally administered nicotine and nicotinic receptor agonists, like
epibatidine, have analgesic properties.®' Muscarinic receptor agonists, such as CMI-936 and CMI-1145, have also been found
to have potent analgesic effects.**** Furthermore, neostigmine, which inhibits acetylcholine degradation, reverses abnormal
pain and hyperalgesia in a rat model of neuropathic pain.®' Radzicki et al observed that SNI rats had a loss of excitatory
cholinergic regulation in the mPFC, which may help to explain mPFC inactivation associated with neuropathic pain and
contribute to specific cognitive deficits associated with neuropathic pain (attention and working memory).*” Thus, the
cholinergic system may facilitate the interaction between pain and attention.

DA and Pain Comorbid with Attention Deficit

The limbic dopamine system in the midbrain includes neurons in the ventral tegmental area (VTA) and substantia nigra
(SN), which project to the ventral striatum. It has been well documented that pain can cause dopaminergic deficiency,
which impairs motivated behavior. According to human imaging studies, the limbic dopamine system in the midbrain of
patients with chronic pain responds in a less sensitive way to significant stimuli.*® For instance, patients with chronic

4884 and presynaptic dopamine activity® in the striatum at rest and following acute

pain have lower D2 receptor binding
painful stimuli. According to studies conducted on animals, chronic pain resulted in reduced c-Fos activation in the VTA
and reduced overall dopamine levels and striatal D2 receptors.®® In addition, the DA system is a major pharmacological
target for the treatment of attention deficit hyperactivity disorder (ADHD), schizophrenia, and Parkinson’s disease,
among other disorders associated with attention deficit.*” Within the limbic dopamine system of the midbrain, the
signaling of SN-DA might have a stronger correlation with task execution and focus, while the signaling of VTA-DA
might have a stronger correlation with the experience of gratification. Indeed, these disparities have been noted in tasks

involving working memory.*® The question remains as to whether these discoveries will be valid in a task that demands
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focused attention from the beginning. Nonetheless, in mice participating in a 5-choice series reaction time task
(5-CSRTT), enhancing the function of midbrain dopaminergic neurons using chemical genetics hinders attentional
performance while not suppressing the act of responding.® As a result, it is theorized that persistent pain might impact
the functioning of VTA or SN-DA neurons, leading to a decrease in different facets of focus.

Analgesic Effects of Distraction

Distraction through the management of cognitive behaviors has become a prevalent approach in pain management.
Nevertheless, various studies have yielded differing results in terms of its analgesic effectiveness. Some studies have
reported moderate pain relief,” while others have indicated weak’ or no discernible effect.”’ These variations in
outcomes may partly stem from differences in research methodologies and study populations. However, recent research
indicates that individual differences in cognitive inhibition may also influence pain perception.’”*> In a recent study,
participants completed a series of cognitive inhibition tasks before undertaking a working memory task. The findings of
this study suggest that selective attention plays a crucial role in the effectiveness of pain relief associated with task
engagement. This is possibly because selective attention enables individuals to sustain their focus on a distracting task
while suppressing the inclination to concentrate on their pain.” Additionally, emerging research underscores the potential
benefits of cognitive behavioral management in pain relief. For example, recent studies have shown that through
cognitive-behavioral interventions, patients can effectively learn to regulate their pain perception, leading to reduced
pain intensity and duration.’* This discovery implies that cognitive behavioral management can serve not only as
a distraction technique but also as a tool to help patients modify their psychological responses to pain, potentially
resulting in more extensive pain relief.

In conclusion, despite variations in the analgesic effects of cognitive behavioral management, recent research
emphasizes the significance of individual differences and cognitive inhibition in this process. Moreover, cognitive
behavioral management offers patients an opportunity to acquire effective pain coping strategies, expanding its applic-
ability. This dynamically evolving field presents novel prospects for pain management and merits further comprehensive

research and exploration.

Conclusions and Future Directions

In conclusion, past basic research and clinical research have provided sufficient evidence to support the theory that pain
is related to attention deficits. The results of attention tests with high behavioral validity suggest that pain patients often
experience poor sustained attention performance, which dramatically impacts the patient’s quality of life. This review
also outlines some of the neuropathological mechanisms underlying pain-related attentional deficits and provides
evidence for considerable overlap between brain nuclei and neurotransmitter systems involved in pain and attentional
processes (Figure 1). However, this review also has limitations in that, due to the complexity of pain transmission and
attention processes, individual nuclei or individual neurotransmitter systems may not be able to explain their comorbidity,
and there are still no clear findings to confirm what the key brain nuclei and neurotransmitters involved in pain-comorbid
attention deficits are and whether there is a dominant neural circuit for the occurrence and development of attention
deficit in pain complications needs to be further studied from the perspective of neural network coordination.

Funding

The authors disclosed receipt of the following financial support for the research, authorship, and/or publication of this
article: This study was supported by a grant from the National Natural Science Foundation of China (No. 82001197) and
the Basic and Applied Basic Research Foundation of Guangdong Province (No. 2021B1515120050).

Disclosure
All authors declare no conflicts of interest in this work.

Journal of Pain Research 2024:17 hetps: 1061

Dove:


https://www.dovepress.com
https://www.dovepress.com

Liang et al Dove

References

1.

oo

15.

16.
17.

18.
19.

20.

Raja SN, Carr DB, Cohen M, et al. The revised international association for the study of pain definition of pain: concepts, challenges, and
compromises. Pain. 2020;161(9):1976-1982. doi:10.1097/j.pain.0000000000001939

. Dahlhamer J, Lucas J, Zelaya C, et al. Prevalence of chronic pain and high-impact chronic pain among adults - United States, 2016. MMWR Morb

Mortal Wkly Rep. 2018;67(36):1001-1006. doi:10.15585/mmwr.mm6736a2

. Katsuki F, Constantinidis C. Bottom-up and top-down attention: different processes and overlapping neural systems. Neuroscientist. 2014;20

(5):509-521. doi:10.1177/1073858413514136

. Corbetta M, Shulman GL. Control of goal-directed and stimulus-driven attention in the brain. Nat Rev Neurosci. 2002;3(3):201-215. doi:10.1038/

nrn755

. Rischer KM, Gonzalez-Roldan AM, Montoya P, Gigl S, Anton F, van der Meulen M. Distraction from pain: the role of selective attention and pain

catastrophizing. Eur J Pain. 2020;24(10):1880-1891. doi:10.1002/ejp.1634

.Wm G, Lm D, Rl Q. Cognitive load and the effectiveness of distraction for acute pain in children. Eur J Pain. 2021;25(7). doi:10.1002/ejp.1770
. Buhle JT, Stevens BL, Friedman JJ, Wager TD. Distraction and placebo: two separate routes to pain control. Psychol Sci. 2012;23(3):246-253.

doi:10.1177/0956797611427919

. Mufioz M, Esteve R. Reports of memory functioning by patients with chronic pain. Clin J Pain. 2005;21(4):287-291. doi:10.1097/01.

ajp.0000173993.53733.2¢

. Baker KS, Gibson SJ, Georgiou-Karistianis N, Giummarra MJ. Relationship between self-reported cognitive difficulties, objective neuropsycho-

logical test performance and psychological distress in chronic pain. Eur J Pain. 2018;22(3):601-613. doi:10.1002/ejp.1151

. Silva AF, Zortea M, Carvalho S, et al. Anodal transcranial direct current stimulation over the left dorsolateral prefrontal cortex modulates attention

and pain in fibromyalgia: randomized clinical trial. Sci Rep. 2017;7(1):135. doi:10.1038/s41598-017-00185-w

. Dick BD, Rashiq S. Disruption of attention and working memory traces in individuals with chronic pain. Anesth Analg. 2007;104(5):1223-1229.

doi:10.1213/01.ane.0000263280.49786.15.

. Oosterman JM, Derksen LC, van Wijck AJM, Veldhuijzen DS, Kessels RPC. Memory functions in chronic pain: examining contributions of

attention and age to test performance. Clin J Pain. 2011;27(1):70-75. doi:10.1097/AJP.0b013e3181f15cf5

. Grisart JM, Van der Linden M. Conscious and automatic uses of memory in chronic pain patients. Pain. 2001;94(3):305-313. doi:10.1016/S0304-

3959(01)00366-9

. Legrain V, Damme SV, Eccleston C, Davis KD, Seminowicz DA, Crombez G. A neurocognitive model of attention to pain: behavioral and

neuroimaging evidence. Pain. 2009;144(3):230-232. doi:10.1016/j.pain.2009.03.020

Basbaum Al, Bautista DM, Scherrer G, Julius D. Cellular and molecular mechanisms of pain. Cell. 2009;139(2):267-284. doi:10.1016/].
¢ell.2009.09.028

Gulyaeva NV. molecular mechanisms of neuroplasticity: an expanding universe. Biochemistry. 2017;82(3):237-242. doi:10.1134/S0006297917030014
Hart RP, Martelli MF, Zasler ND. Chronic pain and neuropsychological functioning. Neuropsychol Rev. 2000;10(3):131-149. doi:10.1023/
a:1009020914358

Chen JE, Glover GH. Functional magnetic resonance imaging methods. Neuropsychol Rev. 2015;25(3):289-313. do0i:10.1007/s11065-015-9294-9
Langner R, Eickhoff SB. Sustaining attention to simple tasks: a meta-analytic review of the neural mechanisms of vigilant attention. Psychol Bull.
2013;139(4):870-900. doi:10.1037/a0030694

Apkarian AV, Bushnell MC, Treede RD, Zubieta JK. Human brain mechanisms of pain perception and regulation in health and disease. Eur J Pain.
2005;9(4):463-484. doi:10.1016/j.ejpain.2004.11.001

21. Klein TA, Endrass T, Kathmann N, Neumann J, von Cramon DY, Ullsperger M. Neural correlates of error awareness. Neuroimage. 2007;34
(4):1774-1781. doi:10.1016/j.neuroimage.2006.11.014

22. Buffington ALH, Hanlon CA, McKeown MJ. Acute and persistent pain modulation of attention-related anterior cingulate fMRI activations. Pain.
2005;113(1-2):172—184. doi:10.1016/j.pain.2004.10.006

23. Ozdemir H, Atmaca M, Yildirim H, Gurok MG. Dorsolateral prefrontal cortex volumes remained unchanged in obsessive compulsive disorder.
Published Online. 2013;1. doi:10.5455/bcp.20120928030920

24. Zhang R, Tomida M, Katayama Y, Kawakami Y. Response durations encode nociceptive stimulus intensity in the rat medial prefrontal cortex.
Neuroscience. 2004;125(3):777-785. doi:10.1016/j.neuroscience.2004.01.055

25. Onozawa K, Yagasaki Y, Izawa Y, Abe H, Kawakami Y. Amygdala-prefrontal pathways and the dopamine system affect nociceptive responses in
the prefrontal cortex. BMC Neurosci. 2011;12:115. doi:10.1186/1471-2202-12-115

26. Ji G, Neugebauer V. Pain-related deactivation of medial prefrontal cortical neurons involves mGluR1 and GABA(A) receptors. J Neurophysiol.
2011;106(5):2642-2652. doi:10.1152/jn.00461.2011

27.Ji G, Sun H, Fu Y, et al. Cognitive impairment in pain through amygdala-driven prefrontal cortical deactivation. J Neurosci. 2010;30
(15):5451-5464. doi:10.1523/INEUROSCI.0225-10.2010

28. Chantiluke K, Barrett N, Giampietro V, et al. Inverse effect of fluoxetine on medial prefrontal cortex activation during reward reversal in ADHD
and autism. Cereb Cortex. 2015;25(7):1757-1770. doi:10.1093/cercor/bht365

29. Chantiluke K, Barrett N, Giampietro V, Brammer M, Simmons A, Rubia K. Disorder-dissociated effects of fluoxetine on brain function of working memory
in attention deficit hyperactivity disorder and autism spectrum disorder. Psychol Med. 2015;45(6):1195-1205. doi:10.1017/S0033291714002232

30. Augustine JR. Circuitry and functional aspects of the insular lobe in primates including humans. Brain Res Brain Res Rev. 1996;22(3):229-244.
doi:10.1016/50165-0173(96)00011-2

31. Menon V, Uddin LQ. Saliency, switching, attention and control: a network model of insula function. Brain Struct Funct. 2010;214(5-6):655-667.
doi:10.1007/s00429-010-0262-0

32. Bossaerts P. Risk and risk prediction error signals in anterior insula. Brain Struct Funct. 2010;214(5-6):645-653. doi:10.1007/s00429-010-0253-1

33. Nelson SM, Dosenbach NUF, Cohen AL, Wheeler ME, Schlaggar BL, Petersen SE. Role of the anterior insula in task-level control and focal
attention. Brain Struct Funct. 2010;214(5-6):669—680. doi:10.1007/s00429-010-0260-2

34. Seeley WW, Menon V, Schatzberg AF, et al. Dissociable intrinsic connectivity networks for salience processing and executive control. J Neurosci.
2007;27(9):2349-2356. doi:10.1523/JNEUROSCI.5587-06.2007

1062 https: Journal of Pain Research 2024:17

Dove!


https://doi.org/10.1097/j.pain.0000000000001939
https://doi.org/10.15585/mmwr.mm6736a2
https://doi.org/10.1177/1073858413514136
https://doi.org/10.1038/nrn755
https://doi.org/10.1038/nrn755
https://doi.org/10.1002/ejp.1634
https://doi.org/10.1002/ejp.1770
https://doi.org/10.1177/0956797611427919
https://doi.org/10.1097/01.ajp.0000173993.53733.2e
https://doi.org/10.1097/01.ajp.0000173993.53733.2e
https://doi.org/10.1002/ejp.1151
https://doi.org/10.1038/s41598-017-00185-w
https://doi.org/10.1213/01.ane.0000263280.49786.f5
https://doi.org/10.1097/AJP.0b013e3181f15cf5
https://doi.org/10.1016/S0304-3959(01)00366-9
https://doi.org/10.1016/S0304-3959(01)00366-9
https://doi.org/10.1016/j.pain.2009.03.020
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1016/j.cell.2009.09.028
https://doi.org/10.1134/S0006297917030014
https://doi.org/10.1023/a:1009020914358
https://doi.org/10.1023/a:1009020914358
https://doi.org/10.1007/s11065-015-9294-9
https://doi.org/10.1037/a0030694
https://doi.org/10.1016/j.ejpain.2004.11.001
https://doi.org/10.1016/j.neuroimage.2006.11.014
https://doi.org/10.1016/j.pain.2004.10.006
https://doi.org/10.5455/bcp.20120928030920
https://doi.org/10.1016/j.neuroscience.2004.01.055
https://doi.org/10.1186/1471-2202-12-115
https://doi.org/10.1152/jn.00461.2011
https://doi.org/10.1523/JNEUROSCI.0225-10.2010
https://doi.org/10.1093/cercor/bht365
https://doi.org/10.1017/S0033291714002232
https://doi.org/10.1016/s0165-0173(96)00011-2
https://doi.org/10.1007/s00429-010-0262-0
https://doi.org/10.1007/s00429-010-0253-1
https://doi.org/10.1007/s00429-010-0260-2
https://doi.org/10.1523/JNEUROSCI.5587-06.2007
https://www.dovepress.com
https://www.dovepress.com

Dove Liang et al

35.

36.

37.

38.

39.

40.

Brooks JCW, Nurmikko TJ, Bimson WE, Singh KD, Roberts N. fMRI of thermal pain: effects of stimulus laterality and attention. Neuroimage.
2002;15(2):293-301. doi:10.1006/nimg.2001.0974

Bantick SJ, Wise RG, Ploghaus A, Clare S, Smith SM, Tracey 1. Imaging how attention modulates pain in humans using functional MRI. Brain.
2002;125(Pt 2):310-319. doi:10.1093/brain/aw{022

Dong P, Wang H, Shen XF, et al. A novel cortico-intrathalamic circuit for flight behavior. Nat Neurosci. 2019;22(6):941-949. doi:10.1038/s41593-
019-0391-6

Halassa MM, Chen Z, Wimmer RD, et al. State-dependent architecture of thalamic reticular subnetworks. Cell. 2014;158(4):808-821. doi:10.1016/
j-cell.2014.06.025

McAlonan K, Cavanaugh J, Wurtz RH. Attentional modulation of thalamic reticular neurons. J Neurosci. 2006;26(16):4444—4450. doi:10.1523/
JNEUROSCI.5602-05.2006

Krol A, Wimmer RD, Halassa MM, Feng G. Thalamic reticular dysfunction as a circuit endophenotype in neurodevelopmental disorders. Neuron.
2018;98(2):282-295. doi:10.1016/j.neuron.2018.03.021

41. Saletin JM, Coon WG, Carskadon MA. Stage 2 sleep EEG sigma activity and motor learning in childhood ADHD: a pilot study. J Clin Child
Adolesc Psychol. 2017;46(2):188-197. doi:10.1080/15374416.2016.1157756

42. Steullet P, Cabungcal JH, Bukhari SA, et al. The thalamic reticular nucleus in schizophrenia and bipolar disorder: role of parvalbumin-expressing
neuron networks and oxidative stress. Mol Psychiatry. 2018;23(10):2057-2065. doi:10.1038/mp.2017.230

43. Rohampour K, Azizi H, Fathollahi Y, Semnanian S. Peripheral nerve injury potentiates excitatory synaptic transmission in locus coeruleus neurons.
Brain Res Bull. 2017;130:112-117. doi:10.1016/j.brainresbull.2017.01.012

44. Milstein JA, Lehmann O, Theobald DEH, Dalley JW, Robbins TW. Selective depletion of cortical noradrenaline by anti-dopamine
beta-hydroxylase-saporin impairs attentional function and enhances the effects of guanfacine in the rat. Psychopharmacology. 2007;190
(1):51-63. doi:10.1007/500213-006-0594-x

45. M J, Rs R, E H. Noradrenergic, but not cholinergic, deafferentation of prefrontal cortex impairs attentional set-shifting. Neuroscience. 2008;153(1).
doi:10.1016/j.neuroscience.2008.01.064

46. Moazen P, Torabi M, Azizi H, Fathollahi Y, Mirnajafi-Zadeh J, Semnanian S. The locus coeruleus noradrenergic system gates deficits in visual
attention induced by chronic pain. Behav Brain Res. 2020;387:112600. doi:10.1016/j.bbr.2020.112600

47. Radzicki D, Pollema-Mays SL, Sanz-Clemente A, Martina M. Loss of ml receptor dependent cholinergic excitation contributes to mpfc
deactivation in neuropathic pain. J Neurosci. 2017;37(9):2292-2304. doi:10.1523/INEUROSCI.1553-16.2017

48. Martikainen IK, Nuechterlein EB, Pecifa M, et al. Chronic back pain is associated with alterations in dopamine neurotransmission in the ventral
striatum. J Neurosci. 2015;35(27):9957-9965. doi:10.1523/JNEUROSCI.4605-14.2015

49. Enna SJ, McCarson KE. The role of GABA in the mediation and perception of pain. Adv Pharmacol. 2006;54:1-27. doi:10.1016/s1054-3589(06)
54001-3

50. Enna SJ, Harstad EB, McCarson KE. Regulation of neurokinin-1 receptor expression by GABA(B) receptor agonists. Life Sci. 1998;62(17—
18):1525-1530. doi:10.1016/s0024-3205(98)00101-5

51. Green GM, Dickenson A. GABA-receptor control of the amplitude and duration of the neuronal responses to formalin in the rat spinal cord. Eur
J Pain. 1997;1(2):95-104. doi:10.1016/s1090-3801(97)90067-7

52. Nagai J, Rajbhandari AK, Gangwani MR, et al. Hyperactivity with disrupted attention by activation of an astrocyte synaptogenic cue. Cell.
2019;177(5):1280-1292.¢20. doi:10.1016/j.cell.2019.03.019

53. Malan TP, Mata HP, Porreca F. Spinal GABA(A) and GABA(B) receptor pharmacology in a rat model of neuropathic pain. Anesthesiology. 2002;96
(5):1161-1167. doi:10.1097/00000542-200205000-00020

54. Tsuruoka M, Tamaki J, Maeda M, Hayashi B, Inoue T. Biological implications of coeruleospinal inhibition of nociceptive processing in the spinal
cord. Front Integr Neurosci. 2012;6:87. doi:10.3389/fnint.2012.00087

55. Kimura M, Suto T, Morado-Urbina CE, Peters CM, Eisenach JC, Hayashida KI. Impaired pain-evoked analgesia after nerve injury in rats reflects
altered glutamate regulation in the locus coeruleus. Anesthesiology. 2015;123(4):899-908. doi:10.1097/ALN.0000000000000796

56. Howorth PW, Teschemacher AG, Pickering AE. Retrograde adenoviral vector targeting of nociresponsive pontospinal noradrenergic neurons in the
rat in vivo. J Comp Neurol. 2009;512(2):141-157. doi:10.1002/cne.21879

57. Singewald N, Philippu A. Release of neurotransmitters in the locus coeruleus. Prog Neurobiol. 1998;56(2):237-267. doi:10.1016/s0301-0082(98)
00039-2

58. Loughlin SE, Foote SL, Grzanna R. Efferent projections of nucleus locus coeruleus: morphologic subpopulations have different efferent targets.
Neuroscience. 1986;18(2):307-319. doi:10.1016/0306-4522(86)90156-9

59. Paterson NE, Wetzler C, Hackett A, Hanania T. Impulsive action and impulsive choice are mediated by distinct neuropharmacological substrates in
rat. Int J Neuropsychopharmacol. 2012;15(10):1473-1487. doi:10.1017/S1461145711001635

60. Roychowdhury S, Pena-Contreras Z, Tam J, et al. o[- and B-adrenoceptors involvement in nortriptyline modulation of auditory sustained attention
and impulsivity. Psychopharmacology. 2012;222(2):237-245. doi:10.1007/s00213-012-2635-y

61. Sasamori H, Ohmura Y, Yoshida T, Yoshioka M. Noradrenaline reuptake inhibition increases control of impulsive action by activating D1-like
receptors in the infralimbic cortex. Eur J Pharmacol. 2019;844:17-25. doi:10.1016/j.ejphar.2018.11.041

62. Pattij T, Schetters D, Schoffelmeer ANM, van Gaalen MM. On the improvement of inhibitory response control and visuospatial attention by
indirect and direct adrenoceptor agonists. Psychopharmacology. 2012;219(2):327-340. doi:10.1007/s00213-011-2405-2

63. Arnsten AF, Scahill L, Findling RL. alpha2-Adrenergic receptor agonists for the treatment of attention-deficit/hyperactivity disorder: emerging
concepts from new data. J Child Adolesc Psychopharmacol. 2007;17(4):393-406. doi:10.1089/cap.2006.0098

64. Taylor FB, Russo J. Comparing guanfacine and dextroamphetamine for the treatment of adult attention-deficit/hyperactivity disorder. J Clin
Psychopharmacol. 2001;21(2):223-228. doi:10.1097/00004714-200104000-00015

65. Bari A, Robbins TW. Noradrenergic versus dopaminergic modulation of impulsivity, attention and monitoring behaviour in rats performing the
stop-signal task: possible relevance to ADHD. Psychopharmacology. 2013;230(1):89—111. doi:10.1007/s00213-013-3141-6

66. Jeong CY, Choi JI, Yoon MH. Roles of serotonin receptor subtypes for the antinociception of 5-HT in the spinal cord of rats. Eur J Pharmacol.
2004;502(3):205-211. doi:10.1016/j.ejphar.2004.08.048

Journal of Pain Research 2024:17 https: 1063

Dove:


https://doi.org/10.1006/nimg.2001.0974
https://doi.org/10.1093/brain/awf022
https://doi.org/10.1038/s41593-019-0391-6
https://doi.org/10.1038/s41593-019-0391-6
https://doi.org/10.1016/j.cell.2014.06.025
https://doi.org/10.1016/j.cell.2014.06.025
https://doi.org/10.1523/JNEUROSCI.5602-05.2006
https://doi.org/10.1523/JNEUROSCI.5602-05.2006
https://doi.org/10.1016/j.neuron.2018.03.021
https://doi.org/10.1080/15374416.2016.1157756
https://doi.org/10.1038/mp.2017.230
https://doi.org/10.1016/j.brainresbull.2017.01.012
https://doi.org/10.1007/s00213-006-0594-x
https://doi.org/10.1016/j.neuroscience.2008.01.064
https://doi.org/10.1016/j.bbr.2020.112600
https://doi.org/10.1523/JNEUROSCI.1553-16.2017
https://doi.org/10.1523/JNEUROSCI.4605-14.2015
https://doi.org/10.1016/s1054-3589(06)54001-3
https://doi.org/10.1016/s1054-3589(06)54001-3
https://doi.org/10.1016/s0024-3205(98)00101-5
https://doi.org/10.1016/s1090-3801(97)90067-7
https://doi.org/10.1016/j.cell.2019.03.019
https://doi.org/10.1097/00000542-200205000-00020
https://doi.org/10.3389/fnint.2012.00087
https://doi.org/10.1097/ALN.0000000000000796
https://doi.org/10.1002/cne.21879
https://doi.org/10.1016/s0301-0082(98)00039-2
https://doi.org/10.1016/s0301-0082(98)00039-2
https://doi.org/10.1016/0306-4522(86)90156-9
https://doi.org/10.1017/S1461145711001635
https://doi.org/10.1007/s00213-012-2635-y
https://doi.org/10.1016/j.ejphar.2018.11.041
https://doi.org/10.1007/s00213-011-2405-2
https://doi.org/10.1089/cap.2006.0098
https://doi.org/10.1097/00004714-200104000-00015
https://doi.org/10.1007/s00213-013-3141-6
https://doi.org/10.1016/j.ejphar.2004.08.048
https://www.dovepress.com
https://www.dovepress.com

Liang et al Dove

67.

68.

69.

70.

Dogrul A, Ossipov MH, Porreca F. Differential mediation of descending pain facilitation and inhibition by spinal SHT-3 and SHT-7 receptors. Brain
Res. 2009;1280:52—59. doi:10.1016/j.brainres.2009.05.001

Mico JA, Berrocoso E, Ortega-Alvaro A, Gibert-Rahola J, Rojas-Corrales MO. The role of 5S-HT1A receptors in research strategy for extensive
pain treatment. Curr Top Med Chem. 2006;6(18):1997-2003. doi:10.2174/156802606778522195

Hirvonen J, Kajander J, Allonen T, et al. Measurement of serotonin 5-HT1A receptor binding using positron emission tomography and
[carbonyl-(11)CJWAY-100635-considerations on the validity of cerebellum as a reference region. J Cereb Blood Flow Metab. 2007;27
(1):185-195. doi:10.1038/sj.jcbfm.9600326

Martikainen IK, Hirvonen J, Kajander J, et al. Correlation of human cold pressor pain responses with 5-HT(1A) receptor binding in the brain. Brain
Res. 2007;1172:21-31. doi:10.1016/j.brainres.2007.07.036

71. Xie H, Dong ZQ, Ma F, Bauer WR, Wang X, Wu GC. Involvement of serotonin 2A receptors in the analgesic effect of tramadol in mono-arthritic
rats. Brain Res. 2008;1210:76-83. doi:10.1016/j.brainres.2008.02.049

72. Koskinen T, Ruotsalainen S, Puumala T, et al. Activation of 5-HT2A receptors impairs response control of rats in a five-choice serial reaction time
task. Neuropharmacology. 2000;39(3):471-481. doi:10.1016/s0028-3908(99)00159-8

73. Passetti F, Dalley JW, Robbins TW. Double dissociation of serotonergic and dopaminergic mechanisms on attentional performance using a rodent
five-choice reaction time task. Psychopharmacology. 2003;165(2):136—145. doi:10.1007/s00213-002-1227-7

74. Carli M, Baviera M, Invernizzi RW, Balducci C. Dissociable contribution of 5-HT1A and 5-HT2A receptors in the medial prefrontal cortex to
different aspects of executive control such as impulsivity and compulsive perseveration in rats. Neuropsychopharmacology. 2006;31(4):757-767.
doi:10.1038/sj.npp.1300893

75. A’ S, Mel-S H. The 5-HT2A serotonin receptor in executive function: implications for neuropsychiatric and neurodegenerative diseases. Neurosci
Biobehav Rev. 2016;64. doi:10.1016/j.neubiorev.2016.02.008

76. Lucas-Meunier E, Fossier P, Baux G, Amar M. Cholinergic modulation of the cortical neuronal network. Pflugers Arch. 2003;446(1):17-29.
doi:10.1007/500424-002-0999-2

77. Hasselmo ME, Sarter M. Modes and models of forebrain cholinergic neuromodulation of cognition. Neuropsychopharmacology. 2011;36(1):52-73.
doi:10.1038/npp.2010.104

78. Dalley JW, Theobald DE, Bouger P, Chudasama Y, Cardinal RN, Robbins TW. Cortical cholinergic function and deficits in visual attentional
performance in rats following 192 IgG-saporin-induced lesions of the medial prefrontal cortex. Cereb Cortex. 2004;14(8):922-932. doi:10.1093/
cercor/bhh052

79. St Peters M, Demeter E, Lustig C, Bruno JP, Sarter M. Enhanced control of attention by stimulating mesolimbic-corticopetal cholinergic circuitry.
J Neurosci. 2011;31(26):9760-9771. doi:10.1523/JNEUROSCI.1902-11.2011

80. Millan MJ. Descending control of pain. Prog Neurobiol. 2002;66(6):355-474. doi:10.1016/s0301-0082(02)00009-6

81. Jones PG, Dunlop J. Targeting the cholinergic system as a therapeutic strategy for the treatment of pain. Neuropharmacology. 2007;53(2):197-206.
doi:10.1016/j.neuropharm.2007.04.002

82. Tata AM. Muscarinic acetylcholine receptors: new potential therapeutic targets in antinociception and in cancer therapy. Recent Pat CNS Drug
Discov. 2008;3(2):94-103. doi:10.2174/157488908784534621

83. Wess J, Eglen RM, Gautam D. Muscarinic acetylcholine receptors: mutant mice provide new insights for drug development. Nat Rev Drug Discov.
2007;6(9):721-733. doi:10.1038/nrd2379

84. Wood PB, Schweinhardt P, Jaeger E, et al. Fibromyalgia patients show an abnormal dopamine response to pain. Eur J Neurosci. 2007;25
(12):3576-3582. doi:10.1111/j.1460-9568.2007.05623.x

85. Wood PB, Patterson JC, Sunderland JJ, Tainter KH, Glabus MF, Lilien DL. Reduced presynaptic dopamine activity in fibromyalgia syndrome
demonstrated with positron emission tomography: a pilot study. J Pain. 2007;8(1):51-58. doi:10.1016/j.jpain.2006.05.014

86. Narita M, Ozaki S, Narita M, Ise Y, Yajima Y, Suzuki T. Change in the expression of c-fos in the rat brain following sciatic nerve ligation. Neurosci
Lett. 2003;352(3):231-233. doi:10.1016/j.neulet.2003.08.052

87. Amsten AFT, Rubia K. Neurobiological circuits regulating attention, cognitive control, motivation, and emotion: disruptions in neurodevelop-
mental psychiatric disorders. J Am Acad Child Adolesc Psychiatry. 2012;51(4):356-367. doi:10.1016/j.jaac.2012.01.008

88. Matsumoto M, Takada M. Distinct representations of cognitive and motivational signals in midbrain dopamine neurons. Neuron. 2013;79
(5):1011-1024. doi:10.1016/j.neuron.2013.07.002

89. Boekhoudt L, Voets ES, Flores-Dourojeanni JP, Luijendijk MC, Vanderschuren LJ, Adan RA. Chemogenetic activation of midbrain dopamine
neurons affects attention, but not impulsivity, in the five-choice serial reaction time task in rats. Neuropsychopharmacology. 2017;42(6):1315-1325.
doi:10.1038/npp.2016.235

90. McCaul KD, Monson N, Maki RH. Does distraction reduce pain-produced distress among college students? Health Psychol. 1992;11(4):210-217.
doi:10.1037//0278-6133.11.4.210

91. Goubert L, Crombez G, Eccleston C, Devulder J. Distraction from chronic pain during a pain-inducing activity is associated with greater
post-activity pain. Pain. 2004;110(1-2):220-227. doi:10.1016/j.pain.2004.03.034

92. Oosterman JM, Traxler J, Kunz M. The influence of executive functioning on facial and subjective pain responses in older adults. Behav Neurol.
2016;2016:1984827. doi:10.1155/2016/1984827

93. Zhou S, Després O, Pebayle T, Dufour A. Age-related decline in cognitive pain modulation induced by distraction: evidence from event-related
potentials. J Pain. 2015;16(9):862-872. doi:10.1016/j.jpain.2015.05.012

94. Hadley G, Novitch MB. CBT and CFT for Chronic Pain. Curr Pain Headache Rep. 2021;25(5):35. doi:10.1007/s11916-021-00948-1

1064 https: Journal of Pain Research 2024:17

Dove!


https://doi.org/10.1016/j.brainres.2009.05.001
https://doi.org/10.2174/156802606778522195
https://doi.org/10.1038/sj.jcbfm.9600326
https://doi.org/10.1016/j.brainres.2007.07.036
https://doi.org/10.1016/j.brainres.2008.02.049
https://doi.org/10.1016/s0028-3908(99)00159-8
https://doi.org/10.1007/s00213-002-1227-7
https://doi.org/10.1038/sj.npp.1300893
https://doi.org/10.1016/j.neubiorev.2016.02.008
https://doi.org/10.1007/s00424-002-0999-2
https://doi.org/10.1038/npp.2010.104
https://doi.org/10.1093/cercor/bhh052
https://doi.org/10.1093/cercor/bhh052
https://doi.org/10.1523/JNEUROSCI.1902-11.2011
https://doi.org/10.1016/s0301-0082(02)00009-6
https://doi.org/10.1016/j.neuropharm.2007.04.002
https://doi.org/10.2174/157488908784534621
https://doi.org/10.1038/nrd2379
https://doi.org/10.1111/j.1460-9568.2007.05623.x
https://doi.org/10.1016/j.jpain.2006.05.014
https://doi.org/10.1016/j.neulet.2003.08.052
https://doi.org/10.1016/j.jaac.2012.01.008
https://doi.org/10.1016/j.neuron.2013.07.002
https://doi.org/10.1038/npp.2016.235
https://doi.org/10.1037//0278-6133.11.4.210
https://doi.org/10.1016/j.pain.2004.03.034
https://doi.org/10.1155/2016/1984827
https://doi.org/10.1016/j.jpain.2015.05.012
https://doi.org/10.1007/s11916-021-00948-1
https://www.dovepress.com
https://www.dovepress.com

Dove Liang et al

Journal of Pain Research Dove

Publish your work in this journal

The Journal of Pain Research is an international, peer reviewed, open access, online journal that welcomes laboratory and clinical findings in the
fields of pain research and the prevention and management of pain. Original research, reviews, symposium reports, hypothesis formation and
commentaries are all considered for publication. The manuscript management system is completely online and includes a very quick and fair
peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/journal-of-pain-research-journal

Journal of Pain Research 2024:17 n il in n Dove 1065


https://www.dovepress.com
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Clinical Evidence of Pain Comorbidities in Attention Deficit
	Potential Neural Mechanisms of Comorbid Attention Deficits in Pain
	Functional Areas of the Brain in Pain and Attention
	ACC and Pain Comorbid with Attention Deficit
	PFC and Pain Comorbid with Attention Deficit
	IC and Pain Comorbid with Attention Deficit
	Thalamus and Pain Comorbid with Attention Deficit
	LC and Pain Comorbid with Attention Deficit

	Neurotransmitters and Receptors in Pain and Attention Processes
	GABA and Pain Comorbid with Attention Deficit
	NA and Pain Comorbid with Attention Deficit
	5-HT and Pain Comorbid with Attention Deficit
	ACH and Pain Comorbid with Attention Deficit
	DA and Pain Comorbid with Attention Deficit


	Analgesic Effects of Distraction
	Conclusions and Future Directions
	Funding
	Disclosure

