Deciphering nociplastic pain: clinical features, risk factors and

potential mechanisms
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Abstract

Nociplastic pain is a mechanistic term used to describe pain that arises or is sustained
by altered nociception, despite the absence of tissue damage. Although nociplastic pain
has distinct pathophysiology from nociceptive and neuropathic pain, these pain
mechanisms often coincide within individuals, which contributes to the intractability
of chronic pain. Key symptoms of nociplastic pain include pain in multiple body
regions, fatigue, sleep disturbances, cognitive dysfunction, depression and anxiety.
Individuals with nociplastic pain are often diffusely tender-indicative of hyperalgesia

and/or allodynia -and are often more sensitive than others to non-painful sensory



stimuli such as lights, od ours and noises. This Review summarizes the risk factors,
clinical presentation and treatment of nociplastic pain, and describes how alterations in
brain function and structure, Immune processing and peripheral factors might
contribute to the nociplastic pain phenotype.
This article concludes with a discussion of two proposed subtypes of nociplastic pain
that reflect distinct neurobiological features and treatment responsivity.
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Key points

e Nociplastic pain was recently endorsed as the third mechanistic descriptor of pain and
is characterized by wide spread body pain, often co-occurring with fatigue and altered
sleep, cognition and mood, as well as multisensory hypersensitivity.

« Nociplastic pain probably occurs on a continuum and can coexist with nociceptive
and/or neuropathic pain.

« Although the exact cause (or causes) of nociplastlc pain remain unknown, female
sex, early-life stressors, trauma, poor sleep, heightened somatic awareness and
physical inactivity increase the risk for nociplastic pain.

« Alterations in the central nervous system, particularly in brain regions situated within
the default mode, salience and somatosensory networks have been reported in many

chronic pain conditions with nociplastic features.
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Introduction

In 2016, the term nociplastic pain was introduced to describe a third

pain mechanism1 that is distinct from both nociceptive and neuropathic pain.
Nociceptive pain is defined by the International Association for the Study of Pain (IASP)
as“pain that arises from actual or threatened damage to non-neural tissue and is due
to the activation of nociceptors neuropathic pain is defined as“pain caused by a lesion
or disease of the somatosensory nervous system.”The IASP defines nociplastic pain as
“pain that arises from altered nociception despite no clear evidence of actual or
threatened tissue damage causing the activation of peripheral nociceptors or evidence
for disease or lesion of the somatosensory system causing the pain. '’

Nociplastic pain can manifest in any chronic pain condition. However, this type of pain
is best exemplified in conditions such as fibromyalgia, interstitial cystitis/bladder pain
syndrome (IC/BPS), irritable bowel syndrome (IBS), chronic low back pain (cLBP),
tension headache and migraine, and temporomandibular disorder (TMD), where
nociplastic pain is thought to be the predominant pain mechanism?2.

These conditions have been collectively referred to as idiopathic pain syndromes,
centralized pain or central sensitivity syndromes, functional pain syndromes and, most
recently, chronic overlapping pain conditions (COPCs)2.T he2 019 International
Statistical Classification of Diseases (ICD-11) characterizes these conditions as’
primary pain ', meaning that pain is the primary problem rather than a consequence of
another disease3. As described in this Review, a majority of evidence has suggested
that this type of pain is driven primarily by aberrant pain processing within the central
nervous system (CNS), although peripheral factors might also play an important part in
pain manifestation in many individuals. Our understanding of the phenotypic features
as well as the underlying etiology and pathophysiology of nociplastic pain is improving.
This Review examines research findings from human participants presumed to have
nociplastic pain, with an emphasis on clinical studies of COP Cs. We delineate the key

phenotypic features of nociplastic pain, including the spatial distribution of pain, as well



as common comorbid symptoms including fatigue, sleep, memory, mood problems and
multisensory hypersensitivity. Next, we discuss risk factors spanning early-life events,
sociodemographic characteristics, lifestyle behaviors and pain exposure, which all have
roles in the onset of nociplastic pain. Brain, immune and peripheral contributions to
nociplastic pain are then described. Finally, we conclude with a discussion of two
potential subtypes of nociplastic pain -top-down and bottom-up-that may carry

substantial treatment implications.

20165, REZAUERBELMBEEENHRB L LELRIFBIORBANIALIERTEE
& LT, 20164 (Cnociplastic paink WH EENEA SNz, BEERETS (ASP) (4.
REZAUEEREY [FHEREBORBOBEEE/-IEIZT0BZNIEL, REZRIBRDE
MALICERT 2%/B] EEHLTWS, IASPIE. [BREZAROEFELEF|IERILT
W3 EREOHEBIEGECZOEZNOH 2HEMIEBE. H5WIIEAEEERI L TV IEME
RERDEECHEZDRERILNA T VICHE Db ST, BREZFROLHISEL DF
H] ETEERLTWD,

REZRIEEBORA» L. REFRRE. MEMEEN/ BEIEE®REE (IC/BPS) | B5%
WBIEMREE (IBS) . 1EMMERAE (cLBP) . EX5RAVEEECHIER. SEEEE (TMD) A& o
WREICRD K <PHIEES N5,

INOOEREBIE, FREERFBEGR. PARERRE E 72 PIR R, EEEERRIE
BB, Z L TBRETIRIEBHEREEE (COPC) &#HfranTund, AR TR LS
IZ. 2LDITET Y RIE, ZOBORMIEICHREHER (CNS) TORELREFBLIEIC
Lo THTRISNS L ETEL TV D, FABEERFORRUOFHIZIT Tl %
DIRIEICH DIRACTRREEEZ T 2BRITRE Y O0H 5,

AfBERTlE. COPCsDERARMIZR & F/ 00 C. nociplastic painE HEESI NS b b DR %
BET %, BAOEEUAMC, HH. ER, LE. [2o0ME. ZREBE/LED—HK
N fEERG LS, BERERERROFELGRREORHZBONICT 5, XRIC, BHEEE
BT HEE, 2 AORETF2NEE. £5178. BREESEL L, FRREREICES
T HEREFICOVTRENRDS, Tt T, M, RE. FIEOREHICH F 2 HEERE~DE
BIZDOWTHRB, REIC, BREZAMEERD2ODEBENLEY 7 XA 7 -top-down &
bottom-up-ICDOWTERL, BENDEELRREEXDTHA D,

Clinical presentationEgEER

Prevalence

No validated clinical diagnostic criteria currently exist specifically for nociplastic pain,



so its true prevalence is difficult to estimate. Furthermore,
multiple mechanistic drivers might be present in any individual and can evolve over
time. However, data from COP Cs provide useful insights. The prevalence of different
COP Cs varies from 2%t o 6%f or conditions such as fibromyalgia and IC/BPS, to
approximately 10% each for cLBP, TMD and 1854. These figures are consistent with
estimates that at least 8 11% of the general population have chronic widespread
painb .Interestingly, compared with the general population, nociplastic pain symptoms
have a much higher prevalence (10-48%) among people with an existing diagnosis of an
autoimmune rheumatic conditionto r other conditions such as sickle cell disease/, dry
eye disease8 or osteoarthritis9 that have been historically considered as solely
nociceptive.
The identification of different pain mechanisms within individual diseases is an active
area of research that will result in more accurate phenotyping in the future 13. In
addition, the updated classification system for chronic pain, implemented in ICD-
11in2019, was developed to improve the recording of chronic pain3. With this approach,
chronic primary pain comprises co [1ditionssuch as fibromyalgia, IB S and many of the
other CO PCs, which are considered to be health conditions in their own right3. By
contrast, chronic secondary pain describes cases in which the pain initially manifests
owing to another condition such as rheumatoid arthritis, and the term is used to identify
the transition in which pain requires treatment independent of the initiating disease or
pathology
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Symptoms

People with nociplastic conditions typically experience pain that is

disproportionate to any peripheral pathology present4 - - 15. The pain

itself is often constant and tends to follow a diffuse, widespread distribution

across the body". Pain that is poorly localized, follows a nonanatomic distribution or is
present in areas such as the upper arms or upper legs is suggestive of nociplastic
pain6. The quality of the pain is typically described as dull, deep and aching with
variation in location and intensity over time, and is often accompanied by dysesthesia
andparaesthesias4 - .Furthermore, the pain is often unpredictable, worsening or
easing in response to multiple nonspecific factors". Although this description is
common for typical presentations, particularly for conditions such as fibromyalgia, the
exact pain characteristics can vary dramatically between individuals, in terms of
location, severity and descriptors, and according to the dominating clinical syndrome
present.

Therefore, considering nociplastic pain as a spectrum of different pain features rather
than as ingle, specific presentation is more helpfulZ.

Non-pain symptoms can often provide helpful diagnostic guidance.

Common non-pain symptoms include intrusive fatigue, poor refreshment from sleep,
depressed mood, problems with concentrate on and short-term memory, and
hypersensitivity to visual, auditory and tactile stimuli4 - 11 - 12(F ig. |). Other factors
suggestive of nociplastic pain include the presence of numerous comorbid illnesses and
hypersensitivities that are often described as 'allergies' as well as a history of
unresponsiveness to conventional analgesics or procedures intended to relieve pain4 -
0 - 13- 17.In addition, a personal or family history of chronic pain not limited by any
anatomical location should alert the clinician to the possibility of nociplastic pain, as
COPCs are often familial”

The combination of numerous symptoms affecting multiple systems and limited
consultation time can be challenging for patients and clinicians alike18. However,
identifying and acknowledging this feeling of overwhelm can be reframed as a useful
indicator of nociplastic pain, rather than a marker offailure
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Fig.1|Central nervous system-mediated features of nociplastic pain. In

Fig. Il Central nervous system-mediated features of nociplastic pain.

In addition to widespread pain that can involve the viscera, head and face, and
musculoskeletal system, people with nociplastic pain often experience a cluster of
central nervous system (CNS)-mediated symptoms, including cognitive
disturbances, mood problems such as depression and anxiety, unrefreshing sleep
and fatigue, and multisensory hypersensitivity. Individuals with nociplastic pain
are commonly diagnosed with multiple chronic overlapping pain conditions. IBS,
irritable bowel syndrome
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Diagnostic tools
In addition to the clinical features described above, a range of questionnaires are

available to assess the features of nociplastic pain. Although questionnaire + based



assessment should not replace clinical assessment, screening tools such as the Central
Se T[isitizationlnventory'9 - 20 can be used to identify common characteristics of
nociplastic pain 1.

Abnormal scores on neuropathic pain questionnaires, such as PainDETECT?', can help
to distinguish features of neuropathic pain from those of nociplastic painl - 22 -
?3.Furthermore, the severity of nociplastic pain can be measured using the
Fibromyalgia Survey Criteria. 24. There is increasing recognition that nociplastic pain
should be considered as a continuum rather than a binary diagnostic category. For
example, the Fibromyalgia Survey Criteria, when used as a continuous measure o
nociplastic severity, can predict surgery and opioid non-responsiveness following
arthroplasty?5 and hysterectomy26. The 2019 publication of clinical criteria and a
grading system specifically for nociplastic pain in the musculoskeletal system13 is an
improvement over previous measures and is useful for clinicians seeking an
understanding of pain mechanisms to help guide treatment decisions.

Screening tools such as the Patient Health Questionnaire-9 (ref. 27), Generalized
Anxiety Disorder-7 (ref. 28) and Insomnia Severity Scale?9 - 30,or short National
institutes of Health (NIH) Patient-Reported Outcomes Measurement information
System (PROMIS) merasures of these same domains can also help to identify relevant
non-pain features such as depression, anxiety and sleep disturbance, respectively.
Work is underway to identify which tools or combination of features prove most useful
for discerning different pain mechanisms
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Treatment options

The core principles for treating nociplastic pain are summarized in Box 1. A strong
patient-clinician partnership, built on effective communication, is essential for
supporting the individual in taking an active role in developing strategies to improve
their quality oflife2122 . Validation of the experienced symptoms, offering an
explanation of the pain process, highlighting the multifactorial nature of the pain,
sharing a specific diagnosis with the patient and setting realistic expectations can all
help to encourage individuals to take an active role in their own treatment and to adopt
self-management strategies3'.

Non-pharmacological options are the mainstay of evidence-based options available to
people with nociplastic pain4 - 6 - 4.Education is considered to be the foundation
of developing a care plan and enables individuals to take a more active role
overall4.ldeally, this education would include a basic description of pain mechanisms
including components of the biopsychosocial model, which acknowledges that an
individual’S experience of chronic pain involves a complex interaction between
biological, psychological and social factors35 - 36. Education could also include
suggestions for healthy lifestyle habits such as strategies to increase physical activity,
sleep better and manage stresse. Various psychological treatment programmers
incorporate a number of these strategies, including classic pain-based cognitive
behavioral therapy (CBT) given either in person or via the internet, CBT for insomnia, or
newer therapeutic approaches aimed at individuals with a history of trauma, for
example, emotional awareness exposure therapy or neural re-processing, as well as
acceptance and commitment therapy432 - 37. Increasing evidence has demonstrated
the effectiveness of a number of non-pharmacological therapies, including mindfulness,
yoga, TaiChi, acupuncture or acupressure, and chiropractic manipulation3/; however,
more high-quality randomized controlled trials of these treatments are needed. In
addition, several neurostimulatory approaches have been shown to be of some benefit,
including transcranial direct current stimulation, vagal nerve stimllationand
transcutaneous electrical nerve stimulation38.41. Although data that evaluate
pharmacological options specific for nociplastic pain are limited, the number of

pharmacological treatments shown to be effective for chronic pain conditions overall is



diminishing4 - 34.47 - 43, Traditional so called analgesic medications including
non-steroidal anti-inflammatory drugs and paracetamol are typically ineffective, and
opioids should be avoided by individuals with nociplastic pain4 - 32 - 34. More effective
medications include tricyclic compounds, such as low-dose cyclobenzaprine given at
bedtime, serotonin-noradrenaline reuptake inhibitors (SNRIs) such as duloxetine and
milnacipran, noradrenaline reuptake inhibitors such as esreboxetine, and
gabapentinoids. Although the benefit of these therapies is limited by marginal efficacy
and side effects, these classes of drugs can be considered as part of the multi modal
strategy for improving quality of life in people with nociplastic pain
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Box1 Core principles of treating nociplastic pain BEZREEERED
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Risk factors

Given that the term nociplastic pain was first described in 2016 (ref.1) , few studies to
date have focused solely on risk factors for this type of pain. However, research in COP
Cs, and fibromyalgia in particular. can shed light on common precipitators. Factors
spanning early-life events, lifestyle behaviors and pain exposure influence nociplastic
pain onset (Fig. 2), as described in this section.
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Genetics

Nociplastic pain conditions, such as JBS and fibromyalgia, are complex disorders that
display heritability similar to other common chronic illnesses”.Gen etic association
studies have identified causal genetic variants in serotonergic46 and adrenergic4/ path
ways, pointing to potential underlying biological mechanisms. Findings from a large-
scale genome-wide association study of relevant chronic pain phenotypes. such as
multisite chronic pain, have suggested that genes associated with brain structure and
function. as well as neurodegenerative, psychiatric and autoimmune disease, might
have a role in chronic pain48 This genetic predisposition probably interacts with
environmental factors, perhaps through epigenetic influences, given the role of early-
life experiences on modulating genetic function
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Female sex

All nociplastic pain conditions display a female sex preponderance and are
approximately 1.5-2 times more common in female than in male individuals, particularly
post-pubertyb0 - 51.In healthy people without chronic pain, female individuals display
greater sensitivity to painful pressure and thermal stimuli, but not other modalities.th
an male in dividualsb” - 53.Al though the underlying mechanisms off this difference are
poorly understood, gonadal hormones, particularly estrogen and testosterone, might
have arole . Evidence to support this hypothesis comes from the observation that
sex differences in pain sensitivity appear around the time ofpuberty>/, and that in

female individuals, pain responses vary with the menstrual cycle

Sex hormones might modulate the pain experience through actions on both the
peripheral nervous system and the CNS. At high concentrations, oestradiol displays
anti-nociceptive effects and can modulate efficiency of descending pain inhibition in
healthy womenb59; however, at low concentrations, oestradiol can enhance vulnerability
to pain60. In a mouse study, orchiectomy of male mice produced longer lasting and
more widespread sensitivity to pain than controls, whereas testosterone administration
to females or orchiectomized males had the opposite effect, suggesting that
testosterone is protective against widespread pain6'. Testosterone also seems to exert
anti-nociceptive effects in humans. In a 2013 study of adult female individuals taking
oral contraceptives, reduced levels of endogenous testosterone were associated with a
reduced thermal pain threshold and reduced activity in the rostral ventromedial medulla
(RVM),an important component of the descending pain modulatory system (DPMS)
Painful menstrual cycles and higher prevalence of adverse childhood experiences in
female individuals might also contribute to the elevated risk of nociplastic pain. For
example, a 2021 study has shown that in a 10 year follow-up period, dysmenorrhoea
increased the risk of developing chronic multisite pain (in non-pelvic anatomical
locations)- a cardinal feature of nociplastic pain62. Furthermore, another study has

shown that women with IBS were more likely to report a history of adverse childhood



experiences (AC Es) than men
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Age

Age displays a nonlinear relationship with pain. Most regional nociplastic pain
conditions increase in prevalence following puberty until mid-life64; however,
conditions such as fibromyalgia peak later in life65, possibly owing to spreading
regional pain. Differentiation between nociplastic pain and pain resulting from age-
related degenerative changes in which accruing nociceptive input can lead to peripheral
and central sensitization is challenging
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Early-life factors



Early-life stressors, such as intrauterine factors, maternal stress, low birth weight

and neonatal intensive care admission have been associated with heightened pain
sensitivity69 and a higher prevalence of COPCs in later life , suggesting that these
factors predispose individuals to nociplastic pain6/ - The landmark ACE Study
identified a link between ACEs, such as physical and sexual abuse, with later-life
morbidity 73, which has been borne out for a range of health outcomes74.

Although ACEs, and socioeconomic deprivation in childhood more generally, are
associated with a range of COP Cs, including fibromyalgia/0, pelvic pain/1,
endometriosis;7/and functional abdominal pain/”, AC Es are more likely a risk factor
than a primary pathophysiological driver of nociplastic pain. In line with this theory,
population-based studies have suggested that approximately only 10% of cases of
fibromyalgia are attributable to ACEs7/6.
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Sociodemographic factors

Nociplastic pain is more common among socioeconomically deprived individuals, those
who are unemployed, those with lower education and other vulnerable demographics~
The clustering of nociplastic pain within families suggests a mix of environmental,
genetic and epigenetic intluences /5. This relationship is bidirectional: pain and related
symptoms can also lead to missed school, lower educational attainment,
unemployment or disability /9. Physical inactivity is one of the most consistently
identified risk factors for nociplastic pain. One hypothesis is that physical activity alters
descending pain modulation, having a protective role against the development of
nociplastic pain. Preclinical work in mice has shown that regular physical activity can
decrease nociception through effects on the RVM&0. In clinical studies, physical activity
is associated with diminished pain facilitation, whereas sedentary time is associated
with decreased pain inhibition"'. Furthermore, cessation of regular exercise in healthy
adults can lead to the development of nociplastic symptoms such as widespread pain

and fatigue2. A cross-sectional analysis of middle-aged adults in the UK Biobank has



found that levels of objective physical activity are inversely associated with the number
of painful body sites, a key marker of nociplastic pain
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Obesity

Obesity is associated with a greater prevalence of chronic pain disorders, including
fibromyalgia84. Weight loss can alleviate pain severity in chronic pain and, notably,
severe calorie restriction appears to reduce nociplastic pain even before major weight
loss8h. Mechanical changes to joints and their associated muscles and tendons seen in
obesity could contribute to ongoing nociceptive input and subsequent CNS
sensitization87. A study by Singh et al. has demonstrated that adults with obesity
experience significantly higher lumbar disc compression forces while lifting than adults
who do not have obesity or overweight

Obesity is also associated with a pro-inflammatory state, which might also play ap art
in ongoing pain sensitivity89 - 90. Park et al. have shown that serum concentrations of
the pro-inflammatory cytokines CRP, TNF and IL - 6were positively associated with
measures of adiposity

In addition, obesity can effect physical activity91, mood8; and sleep9”, which in turn

can effect nociplastic pain.
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Sleep disturbances

Sleep problems are consistently identified as an important risk factor for nociplastic
pain, although uncertainty exists over which characteristics of sleep quality, such as
total duration, phases of sleep and circadian rhythm, are most crucial. Foundational
studies from Moldofsky - 4 have demonstrated that sleep deprivation can provoke
fibromyalgia-like symptoms in healthy people, which has since been replicated several
times9;. These experimental studies suggest that female individuals are more
susceptible to the effects of sleep restriction, and that poor sleep and physical
inactivity act synergistically in the development of nociplastic symptoms.
Epidemiological studies have also shown that self-reported sleep problems are a strong
risk factor for the development of nociplastic pain
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Psychological factors

Nociplastic pain is closely intertwined with depression, anxiety and catastrophizing

In healthy adults, low mood amplifies pain perception via maladaptive thought
processes and increased activity in brain regions responsible for pain perception,
suggesting that negative mood can predispose individuals to pain98. A 2023
longitudinal study of the UK Biobank has highlighted that psychosocial factors,
including low mood, feeling ‘fed up‘and stressful life events, contribute significatory to
the development of widespread pain over a 9 -year follow-up period”,

However, for many people who experience chronic pain, factors such as catastrophizing



and depression arise owing to the pain itself and can

improve dramatically after alleviation of pain’00-102. Moreover, findings in children
indicate that although sleep disturbances, attention issues and somatic symptoms can
predict multisite pain development, anxiety and depressive symptoms do not’03. Thus,
a clear bidirectional relationship exists between mood and pain, but not all individuals
with nociplastic pain have substantial mood issues
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Comorbidities and physical injuries

The presence of ongoing pain is an important risk factor for the development

Of nociplastic pain. A 2019 systematic review found that fibromyalgia is approximately
four times more prevalent among adults with inflammatory arthritis than in the general
population, with an estimated prevalence of 21% among adults with rheumatoid
arthritis104. Similar observations are made among adults with osteoarthritis or
other COPCs. In addition, IBS is present among one-third of people with inflammatory

bowel disease

The role of local physical injuries in the onset of nociplastic pain is less certain.
Evidence from a mouse model has suggested that noxious stimulation following an
acute injury can predict nociplastic pain53; however, evidence from human studies is
relatively weak.

A prospective study of pain-free adults has found that occupational mechanical injuries
were associated with an increased risk of developing chronic widespread pain, although
this was smaller than the risk conferred by psychosocial factors107. A 2018 systematic

review of 20 studies has shown that physical trauma is associated with a greater risk of



developing widespread pain and fibromyalgial08. However, the majority of studies were
rated low quality, and were limited by recall bias and confounding, for example, due to
the psychological impact of traumatic events. A prospective study of US adults in road
traffic collisions has found that pain intensity in the emergency department was
associated with widespread pain and non-pain symptoms suggestive of nociplastic
pain, such as fatigue109. Nevertheless, although a higher prevalence of nociplastic pain
is apparent among people with certain painful comorbidities such as inflammatory
arthritis and inflammatory bowel disease, the role of acute local injuries is uncertain.
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Trauma and stressors

Trauma and stressors during adulthood can initiate or exacerbate nociplastic
syndromes. These factors include wartime deployment110, motor vehiclecollisions1,
terrorist events1? and severe infection'. A manifestation with prominent nociplastic
characteristics is long COVID or post- COVID conditions, marked by fatigue, pain,
cognitive complaints and sleep disturbances that develop after COVID-19 infection"'.
Although some elements of long COVID appear pathogen-specific, such as the
persistent loss of smell and taste, the core features were accurately predicted early in

the pandemic on the basis of other post-infectious syndromes seen following a wide



variety ofpathogens115.

In summary, nociplastic pain is shaped by multiple factors, with childhood representing
a particularly vulnerable period of time, but most individuals with the above exposures

do not develop nociplastic pain, and the exact mechanisms that promote versus prevent
the development of this pain remain unclear.
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Sensory abnormalities

Abnormalities in sensory perception are common in people with nociplastic pain.
Experimental measurement of perceptual responses to standardized and quantifiable
physical stimuli using quantitative sensory testing (QST) consistently shows that the
majority of individuals with nociplastic pain display increased sensitivity to painful
(referred to as hyperalgesia) and normally non-painful (referred to as allodynia)
somatic stimulation when compared with individuals who are pain-free or have chronic
pain without nociplastic features10[1/.Pain hypersensitivity in nociplastic conditions is
characteristically multisite and occurs both in symptomatic body sites and in remote or
asymptomatic body sites; hypersensitivity outside the primary symptomatic area
strongly suggests a process of CNS sensitization128. Many people with nociplastic pain
also exhibit an imbalance in endogenous pain modulation, primarily observed as
facilitated temporal summation of pain and impaired conditioned pain modulation on

QST1 , although work published in 2023 calls these findings into questionl

Evoked pain functional MRI studies combine QST principles with neuroimaging to
investigate the link between pain sensations and objective brain function. These
studies have shown that increased pain sensitivity in nociplastic pain is associated with

augmented activation of pain-promoting brain regions such as the insula,



somatosensory cortex and thalamus, and increased functional connectivity between
certain regions and brain networks, including the salience and default mode networks
(DMNs)125 - 13814 2. However, importantly, substantial inter-participant and intra
participant heterogeneity is observed in QST outcomes, and some individuals with
nociplastic pain, although a minority, demonstrate normal to near-normal sensory
processingl4l - 14341 5. For these reasons, we advise against the use of QST for the

clinical diagnosis or classification of nociplastic pain.

People with nociplastic pain are frequently hypersensitive to non-somatosensory
stimuli. For example, individuals with fibromyalgia self-report enhanced sensitivity to
environmental auditory, visual and olfactory stimuli, such as loud noises, bright lights
and strong odors, respectivelyl46'147. These observations have been confirmed using
experimental sensory tests in people with fibromyalgial4&- or several other
COPCs154—7. This hypersensitivity is also reflected in the function of the CNS during
functional MRI tasks; for example, in creased insular and anterior lingual gyrus
activation has been observed in people with fibromyalgia during non-painful tactile,
auditory and/or visual stimulation when compared with healthy individuals158 160.In
addition, a correlation exists between sensitivity to visual and auditory stimuli and
pressure pain thresholds at distant body locations in both healthy individuals and
people with fibromyalgia

Aberrant processing of sensory stimuli in nociplastic conditions is not limited to
external and environmental stimuli but manifests also in increased interoceptive
sensitivity, meaning a heightened awareness of somatic sensations arising from inside
the body, such as heart palpations, dry eyes or bladder distention8 - 1

Interoceptive sensitivity, the spatial distribution of pain and environmental sensitivities
together are strongly correlated within individuals-a phenomena referred to as
generalized sensory sensitivity164. This symptom cluster is associated with COPCs164.
Furthermore, the presence of heightened interoceptive sensitivity is associated with the
development of new chronic pain syndromes in adults, as well as in children and
adolescents164 - 165. Multisensory hypersensitivity can distinguish between people
with pain conditions and those without, as well as between individuals with localized,
intermediate and widespread, or nociplastic pain presentations14/. Together, these
data support the notion that CNS-mediated multi-sensory amplification and altered
sensory integration are crucial components of the nociplastic pain phenotype
Individuals with nociplastic pain often report multisensory hypersensitivity; however,

studies have indicated that these individuals are not able to better discriminate



between different levels of sensory input or detect sensations at a lower threshold than
people without nociplastic pain. This lack of heightened sensory detection and
discrimination has been demonstrated using tasks that consider tactile discrimination
and odor thresholds or discrimination157/ - 1.67. Because individuals with
nociplastic pain do not appear to be better at detecting or perceiving stimuli, it follows
that the interpretation and salience of stimuli are the root of aversive perceptual
experiences. Moreover, although multisensory hypersensitivity is a normal feature of
nociplastic pain at the group level, individuals do not necessarily show equal levels of
hypersensitivity across all sensory modalities. Sensory profiling has demonstrated that
subgroups of individuals show different patterns of normal sensitivity with
hypersensitivity and/or hyposensitivity, which could represent unique endophenotypes

to be explored in future research17.
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Brain abnormalities

The experience of pain is a product of neural activity across a complex network of brain
regions, which is influenced even in healthy individuals by a multitude of factors
including nociceptive input, context, emotion and cognition168. Al though the precise
causes of nociplastic pain remain unknown, evidence has demonstrated that in some
individuals, the CNS can drive, amplify and/or maintain a pain state in the absence of
ongoing tissue or nerve damage. Over two decades ago, neuroimaging studies first

demonstrated altered neural processing of pain in people with presumed nociplastic



pain . - 170. Since then, common themes in network abnormalities have
emerged, which might represent the neural signatures of nociplastic pain, including
default mode salience- sensorimotor network enmeshment, deficits in descending pain
modulation and altered reward processing. Much of the research in this area has
focused on people with fibromyalgia, as is reflected below; however, we also draw on

neuroimaging studies from other COP Cs.
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Brain network enmeshment

The brain is a complex network with systematic patterns of neural activity that
integrate information across disparate regions of the cortex. These patterns of neural
activity form networks and can be observed in the brain both at rest and while
performing at ask1l/1. Neuroimaging studies in people with nociplastic pain have found
changes across every large-scale canonical brain network; however, among these
findings, the most replicable are changes in the default mode, salience and
sensorimotor networks (Fig. 3). The DMN has major hubs in the medial prefrontal
cortex and posterior cingulate/precuneus, and is involved in self-referential thought
and is typically active atrest177. The salience network (SLN), consisting of hubs in the
insular cortex and anterior cingulate cortex (ACC), directs attention and has a key role
in integrating sensory, emotional and cognitive informationl /3. In healthy individuals,
these networks are anti-correlated: when one network is active, the other is
deactivated1 /4. The sensorimotor network (SMN), anchored by primary sensory and
moto [cortices, processes sensory input and initiates motor responses. Many studies
have now shown that in nociplastic pain conditions, these three brain networks are
more connected, or enmeshed, with one another than in healthy individua individuals, in

whom the networks are more distinct or even anti-correlated1



Increased connectivity between regions of the DMN SLN SMN has been reported in
people with fibromyalgia in resting-state studies and during exposure to painful and
non-painful sensory stimuli 178. This increased connectivity has also been identified
across many other COPCs, including IC/BPS 0,cLBP1s1.1s7,migraine1sJ.1s+ and
cluster headachel85, suggesting that brain network enmeshment is a general marker of
nociplastic pain. The strength of connectivity is often related to increased clinical pain
at the time of scanning -1 and some evidence shows that connectivity
decreases after successful treatment . . Furthermore, DMN-SLN-SMN
enmeshment has also been observed in conditions traditionally thought of as driven by
peripheral damage or inflammation, including osteoarthritis186, rheumatoid arthritis1
and ankylosing spondylitis1

Several studies across different COPCs have shown that DMNSLN-SMN connectivity
correlates with the spread of pain localizatioi - 179 - . For example, in a study of
people with chronic pelvic pain, Kutch and colleagues found that both individuals with
IC/BPS with widespread pain and those with fibromyalgia had similarly high SLNSMN
connectivity, whereas individuals with pain localized only to the pelvic region were more
neurobiologically similar to healthy controls1

Together, these findings suggest that nociplastic mechanisms are often presentin
subsets of individuals in any chronic pain condition and that DMN-SLN-SMN
enmeshment is both a marker of nociplastic pain, ‘as

well as pain intensity.

Altered connectivity in people with nociplastic pain could be a result of an increase in
excitatory neurotransmitters and/or a decrease in inhibitory neurotransmitters. People
with fibromyalgia exhibit increased excitatory neurotransmission in the SLN and
DMN193 as indicated by combined glutamate and glutamine levels measured by
magnetic resonance spectroscopy. Many studies have shown increase levels of
glutamate and glutamine, particularly within the insula and posterior cingulate, are also
frequently correlated with increased clinical pain severity in people with
fibromyalgial93 - '94.A2 020 meta-analysis has found evidence of increased levels of
glutamate and glutamine in SLN and DMN regions across many nociplastic pain
conditions, including migraine, fibromyalgia, cl BP, TMD, pelvic pain and IBS, compared
with controls195. However, no significant difference from controls was found when
each pain condition was examined independently; variations in study populations,
methodology and regions of interest between studies make synthesis difficult.

Some evidence exists for altered y-aminobutyric acid (GABA) levels in nociplastic pain,



including reduced levels of GABA in SLN regions'96 - '97 and increased levels of GABA
in the DMN198. We demonstrated that elevated levels of glutamate and decreased
levels of GABA in the insula of people with fibromyalgia are associated with increased
pain sensitivity on

QST192 - '96, mirroring preclinical findings in rats199. This finding further suggests that
altered excitatory and inhibitory balance contributes to nociplastic pain. In support of
this premise, we have more recently shown that higher excitatory than inhibitory tone in
the anterior insula is associated with large-scale connectivity patterns, hyperalgesia
and clinical pain in individuals with fibromyalgia?00.

Despite increased connectivity from the SMN to the DMN and SLN regions, network
connectivity within the SMN is decreased in people with nociplastic pain20'. Primary
somatosensory and motor cortices have a somatotopic organization, meaning a
continuous representation of the body on the cortex, although an update to the classic
homunculus has been proposed within the past few years 3.

Accordingly, the SMN structural and functional alterations observed in nociplastic pain
might also be somatotopically specific and dependent on the region (or regions) of the
body that are most affected, for example: the Sl back region in cLBP181 - the Sl
pelvis region in chronic pelvic pain179 and the 51 hand region in carpal tunnel
syndrome?205. In line with this hypothesis, a2 023 study of adolescents with
fibromyalgia has found decreased within-network SMN connectivity between
somatotopically specific 51 regions that were reported as painful on ab odymap1
Together, these findings indicate that in nociplastic pain, strong within-network
connectivity between regions of the SMN shifts to increased connectivity between 51,
SLN and DMN regions. More research is needed to determine the causal nature of
these connectivity changes, although some evidence has shown that heightened SMN-

SLN-DMN connectivity predates the development of pain (Box2)
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Deficits in descending pain modulation

The descending pain modulatory system (DPMS) modulates activity in the spinal dorsal
horn and influences how nociceptive input from the periphery reaches the brainl
The DPMS includes the rostral ACC, amygdala, hypothalamus, periaqueductal grey and
RVM. During evoked pain, people with fibromyalgia have decreased activation in the
rostral ACC, brainstem and dorsal horn . , and decreased connectivity between
the ACC, amygdala, hippocampus and brain stem compared with healthy controls

10. Furthermore, decreased functional connectivity between regions of the DPMS is
also present during the resting state in individuals with fibromyalgia 13and other
COPCs
In people with migraine, functional connectivity between the periaqueductal grey and
ACC increased after acupuncture treatment and was associated with symptom
improvement?14. In summary, people with nociplastic pain have deficits in descending
pain modulation, as evidenced by reduced activity and functional connectivity in DPMS
brain regions. In addition to inhibitory effects, the DPMS can also be facilitatoryl

For example, in a functional connectivity study, we found that connectivity



between the periaqueductal grey and RVM correlated with pain facilitation in people
with fibromyalgia”1 /. By contrast, this connectivity correlated with pain inhibition in
healthy controls, indicated by more efficient conditioned pain modulation on QST
Similarly, another study in people with osteoarthritis has shown increased activity in
the periaqueductal grey during painful stimulation that

correlated with self-reported pain?18. Together, these findings suggest that the DPMS
can also have a role in promoting pain. The key neurotransmitters involved in the DPMS
include noradrenaline, serotonin and endogenous opioids168. People with nociplastic
pain have decreased levels of noradrenaline and serotonin in the cerebrospinal fluid
(CSF)219, whereas endogenous opioid levels in the CSF are elevated .In addition,
people with fibromyalgia have decreased u -opioid receptor number O availability in the
brain??1. One interpretation of these data is that individuals with nociplastic pain have
increased levels of endogenous opioids, which in turn results in an endogenous form of
opioid-induced hyperalgesia??1. The biochemical findings are aligned with clinical
evidence that drugs that augment noradrenaline, such as tricyclics or SNRIs, can be
effective in treating subsets of individuals with COP Cs, whereas opioids are ineffective
or might make nociplastic pain worse?”?. Further supporting this hypothesis,
preliminary data show that low doses of the u -opioid receptor antagonist naltrexone

reduce fibromyalgia pain
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Dysfunctional reward processing

Many studies have shown disrupted reward circuitry in chronic pain states. People with
fibromyalgia have decreased dopamine release in the striatum during experimental
pain225. Similar findings were reported in people with cLBP226. Some studies have
found blunted neural activity in the nucleus accumbens during a reward task in people
with cIBP or fibromyalgia compared with healthy controls”?” /, although other studies
have found no differences in this activity?”8, perhaps owing to sex differences in
reward processing?29. Interestingly, reward circuits have also been implicated in
depression, and some evidence has shown that altered reward processing in people
with chronic pain also correlates with depressive symptoms?227 - 230.A g rowing body
of research indicates that alterations in the function, structure and connectivity of
corticostriatal regions involved in reward processing can successfully predict the
transition from acute to chronic pain 234,

One hypothesis for explaining these findings is that changes to reward processing
render some individuals unable to experience pain relief after treatment, as previous
studies have indicated that the reward system is key to experiencing analgesic
effects?235 - 236.
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Immune function

Nociplastic pain conditions have been investigated for evidence of dysregulated
immune function for decades. Meta-analyses in people with nociplastic pain have
found some increased levels in blood markers of inflammation, including IL-8,
compared with healthy controls?17-240.

However, the studies were limited by a high degree of heterogeneity in findings
between studies and issues with confounding influences such as sedentary behavior.
Despite this evidence of inflammation in nociplastic pain states, the classic nociplastic
pain conditions such as fibromyalgia, IBS, tension headache and IC/BPS do not
respond to anti-inflammatory or immunosuppressive therapies?41. Conversely, studies
of CSF from people with fibromyalgia show that inflammatory molecules and signaling
pathways are more active in the CNS in nociplastic pain states than in healthy
individuals?42-744.Th ese findings suggest that sensitization via inflammatory signaling
molecules in the CSF is a potential pathophysiological mechanism in nociplastic pain
conditions. Within chronic pelvic pain conditions, evidence indicates that people with
more nociplastic characteristics, such as increased widespread pain, COPCs and
increased experimental pain sensitivity, have heightened ex vivo immunoreactivity to
agonists of Toll-like receptor 4 (TLR4), a highly conserved element of the innate
immune system that is frequently found on sentinel immune cells as well as microglia
and astrocytes in the brain and spinal cord?45. Conversely, unstimulated immune
profiles (measures of activity without any immune provocation) do not distinguish
between subtypes of disease?46 248, This distinction is important because cell types
rich in TLR4, such as monocytes, are critical for communication between the immune
system and the CNS and can even traffic into the CNS under conditions of stress?49
251.

Cytokines in the CNS promote conserved behavioral and physiological changes, such as



anorexia, fever, fatigue, social withdrawal and sensitivity to pain, that are sometimes
referred to as’sickness behaviors and are associated with acute illnesses?52 .Work
from the past few years has suggested that ex vivo immune reactivity the degree to
which cells respond to a challenge by releasing pro-inflammatory cytokines -is
associated with CNS adaptation and reorganization across multiple brain networks in
chronic pain as well, echoing findings from the sickness behavior literature
Inflammatory molecules originating in the periphery can influence the CNS via multiple
routes, including rapid transmission via interaction with receptors on primary afferent
nerves, gradual transmission through volume diffusion across circumventricular organs
outside the protection of the blood brain barrier and direct transmigration of peripheral
cells into the CNS parenchyma”56. Evidence has suggested that de novo synthesis of
the IL-1 family in the CNS is a crucial step in initiating the central neuroinflammatory
cascade, as summarized in the review by Mailhot et al.?57.Th e authors suggest that
reactive microglia and astrocytes could be potential therapeutic targets for
inflammation induced pain sensitivity?57. Collectively, these studies show that the
immune system, in concert with the CNS, is capable of producing a similar set of
symptoms as those associated with nociplastic pain, and that some patterns of CNS
reorganization -for example, increased connectivity between elements of the DMN,
SMN and SLN -that are associated with nociplastic pain are also induced by immune
CNS crosstalk.

Evidence from positron emission tomography (PET) studies has indicated microglial
and astrocyte dysregulation in nociplastic pain conditions. One study using the PET
ligand [11C] PBR28, a marker of microglia and astrocyte activation, found higher uptake
values in people with fibromyalgia than in healthy controls across multiple pain-
processing regions of the cortex, including the somatosensory, dorsolateral prefrontal
and cingulate cortices, as well as the precuneus?58.

Similarly, [1 8F] DPA-714, a marker of early microglial activation, showed increased
binding in individuals with fibromyalgia in parallel brain regions compared with those
shown with [11C]PBR28 (ref.2 59).

Increased glial activity in nociplastic pain is one potential mechanism by which TLR4
antagonists such as low-dose naltrexone reduce pain or fatigue in fibromyalgia,
although modulation of endogenous opoidergic tone is also a viable hypothesis, as
discussed in the section 'Deficits in descending pain modulation’260 - 261. However,
many pain conditions, including those with peripheral nociceptive input as a main

component also show increased CNS uptake values for [IC]PBR28, which suggests



that this type of neuro inflammation is not specific to nociplastic pain262.

Definitive conclusions about the role of the immune system in nociplastic pain have
been challenging for two reasons. First, nociplastic pain is rarely recognized until
adulthood, which makes researching the developing immune system and its
bidirectional communication with the CNS as pathophysiological drivers of pain difficult
to establish. Many studies show that people with nociplastic pain states
disproportionately experience trauma and adversity in childhood : these
experiences can affect the immune system, which in turn might increase the proclivity
to nociplastic pain. Second, animal model sof nociplastic pain require induction of the
widespread pain phenotype, which often involves using repeated mechanical or
inflammatory insults that are rarely analogous to the natural history of nociplastic pain,
in which psychosocial stressors are more common than repeated injury or infection
Future research should focus on the interface between the developing immune system
and the CNS in humans, as well as reverse-translated models of nociplastic pain in the

preclinical arena.
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Peripheral mechanisms

In addition to central processes, peripheral mechanisms?68al so probably contribute to
nociplastic pain; however, controversy exists around the specific role that these
processes have in the pathogenesis of nociplastic pain states. IgG from people with
fibromyalgia produced hyperalgesia when injected into mice and increased nociceptor
responsiveness’69, suggesting to these investigators that a potential antibody-
dependent process of peripheral sensitization occurred, but this effect was not
replicated by a n independent research group” /0Oand continues to be debated

Instead, the latter study identified infiltration of sensory ganglia by neutrophils as
essential to promoting pain hypersensitivity and sensitization of dorsal horn cells to
noxious stimulation, with reversible effects when neutrophils were depleted?70. This
finding supports a neutrophil dependent mechanism of CNS sensitization Where these
studies agree is that dorsal root ganglia are potentially important but overlooked
contributors of pain hypersensitivity in these nociplastic pain models. Follow-up studies
have shown that IgG binds to human anti-satellite glia cells in people with fibromyalgia

with the degree of binding associated with disease severity

Small-fibre pathology is well documented in a substantial proportion of people with
fibromyalgia” /3. Approximately 30-70%o0 f people with the condition have reduced
intraepidermal nerve fibre density (IENFD)274-279, which, in some cases, correlates
with symptom severity?76. In addition, microneurography studies in people with
fibromyalgia have shown spontaneous activity in C-fibres?80. Abnormalities in the
peripheral nerves of the skin of people with fibromyalgia was, to our knowledge, first
observed decades ago by our group among others?81.Th e question is whether these

findings have any role in the pathogenesis of nociplastic pain and its expression.



Preclinical data suggest not”82. We demonstrated that decreased IEN F D, coupled
with increased nociceptive behaviors, can be induced in rodent models simply by
increasing glutamatergic tone in the insula?82. Moreover, decreased IEN F D has been
observed in nearly every chronic pain condition and a substantial number of other
human diseases (74 in a recent scoping review?83), suggesting that this observation is
nonspecific and is more likely to be an epiphenomenon rather than a causal factor of
nociplastic pain

We hypothesize that the observed reduction in IENFD is indicative of adaptive
neuroplasticity in structure and function within the peripheral nervous system in
response to persistent pain. This adaptation is akin to alterations in brain structure
identified in individuals with chronic pain?85. Moreover, findings of C-fibre nociceptor
hypersensitivity in fibromyalgia might be the result of disinhibition of peripheral
mechanisms by the CNS, rather than a pathophysiological process of the peripheral

nerves themselves.

Collectively, the findings discussed here suggest that nociplastic pain and peripheral
pain generators (whether nociceptive or neuropathic) mutually shape the experience of
chronic pain. Continuous nociceptive input from the periphery undeniably sensitizes the
CNS and, similarly, the CNS can generate the pain experience in the absence of
peripheral nociceptive input. Determination of the balance of peripheral and central
contributions in any given individual requires careful assessment of both peripheral
drivers and aberrant CNS processes.

In the following section, we discuss two potential subtypes of nociplastic pain, and how

the peripheral central interaction differs between them.
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Collectively, the findings discussed here suggest that nociplastic pain and peripheral
pain generators (whether nociceptive or neuropathic) mutually shape the experience of
chronic pain

FKED O ORI BEEZBEANDPRERERERFT 2L EEETERVD, [
RIS, REDP O DIREZBHRANDILL TH, PIEHERBBEHAOERREEANHT I &H
TES, EDOLIBEEICEVNTH, REEPROBFTLSDNT Y R RET S IC1E. RIH
DREITAN=EFRERRAORFR AL ROMAZFZRTFHMT 2HELNH 5,
LT Tk, BEZAEERBO2OOBENGER L | KEEPROEEEANED LS IC
ERBEMNMTONTIRND, 273 - 284,

Subtypes of nociplastic pain: top-down and bottom-up

The pathophysiology of nociplastic pain includes amplification of ascending pain
information and/or loss of descending inhibitory pain controls, and these processes are
believed to occur at the level of the spinal cord, brainstem, subcortical structures and
neocortex. This complexity strongly suggests that the neural substrates of nociplastic

pain are heterogeneous and, thus, reflect underlying subtypes of nociplastic pain.



Within this framework, we posit that at least two broad subtypes of nociplastic pain
exist -tentatively termed 'bottom-up' and 'top-down'- that reflect distinct
neurobiological features and treatment responsivity (Fig. 4).

The concept of bottom-up nociplastic pain is most closely related to the classic
interpretation of activity-dependent central sensitization, first described by Woolf2&87/, in
which prolonged or repeated nociceptive stimulation leads to augmented pain
processing. Removal of the nociceptive stimulus results in the eventual normalization of
these processes. By contrast, top-down nociplastic pain suggests that augmented pain
processing can occur and be maintained independent of nociceptive input. Preclinical
studies support this notion with evidence that animals can develop persistent
nociceptive behaviors in absence of nociceptive inputz6 /7. For r example, in rodent
models of nociplastic pain, prolonged stressz88, early-life traumazs9.790 and direct
intracerebral neurochemical manipulation'99.zs7 can produce widespread nociceptive
behaviors and cellular and molecular indices of central sensitization. Nonetheless,
establishing directionality in the sensitization process requires careful longitudinal
studies with measurement of both peripheral and central sensitization processes
Emerging clinical evidence has suggested that similar top down and bottom-up
phenomena exist in humans. In a more nuanced interpretation of the IASP definition,
we contend that, in some individuals, nociplastic pain results from ongoing peripheral
nociceptive input and is likely to improve when that stimulus is removed. For example,
in a cohort of people with osteoarthritis and at least mild levels of nociplastic pain, we
examined how total hip or knee arthroplasty influenced pain outside of the surgical site
JOz. Approximately two out of three individuals experienced dramatic reductions in
comorbid pain 1y ear after the procedure, strongly suggesting that central sensitization,
or bottom-up processes, were crucial in promoting the nociplastic pain state in these
individuals. Conversely, about one-third of the cohort showed no improvement in
comorbid pain and symptoms 1 year after the procedure, suggesting that their
nociplastic pain symptoms are maintained independent of the nociceptive input
associated with osteoarthritis -a top-down process. Similar findings have been
observed in a different cohort of people with hip osteoarthritis and widespread
hyperalgesia on QST, an indicator of nociplastic pain291. In this study, 15 % of
participants failed to respond to total hip replacement at 3 months following surgery.
again, suggesting that a top-down process was driving pain in this subset of
individuals. Similarly, deficient descending inhibitory control of pain seems to be
restored in people with hip osteoarthritis following successful surgery

A 2020 study that examined heritability in nociplastic pain symptoms has provided



additional support for the existence of nociplastic pain subtypes?93. The analysis of
more than 25,000 individuals found that the heritable contribution to nociplastic pain
symptoms was 3-4 times greater in individuals under 50 years of age than those who
wereb 0 years of age or older. These findings suggest that when nociplastic pain
symptoms appear earlier life, the mechanisms are more likely to be genetic
(entrenched),or a top-down process, and when they appear later in life, the
mechanisms are more likely to be the result accrued nociceptive insults (acquired),or a

bottom-up process.

When considered together, the findings discussed above suggest that nociplastic pain
is ultimately a CNS phenomenon that can manifest in two forms: one produced and
maintained by peripheral nociceptive input, and the other seemingly independent of
such input Unfortunately, no neural markers, tests or self-report symptom pro files can
currently reliably distinguish between these subtypes before treatment, and so current
efforts, such as the NIH Common Fund Acute to Chronic Pain Signatures (A2CPS)
programmez94, are focused on potential neurobiological differences revealed through
brain imaging, immune profiles and QST.

However, nociplastic pain is a continuum and most affected individuals probably have
overlapping and variable degrees of central and peripheral mechanisms at play that

contribute to their pain and related symptoms.
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Conclusion

Nociplastic pain is part of ab roader systemic, multisystem process that leads to not
only pain but also heightened sensitivity to a broad array of sensory stimuli. Fatigue,
poor sleep, memory and mood issues are also common. Abnormal neural activity and
altered immune function are key pathophysiological mechanisms of nociplastic pain.
Numerous peripheral abnormalities have also been identified in people with nociplastic
pain. However, the precise role that each of these abnormalities have in symptom
expression is not fully understood. Although the international pain research community
works to develop and refine formal definitions and diagnostic criteria of nociplastic
pain, clinicians can use the key phenotypic features of nociplastic pain, such as
multisite pain on a body map, to identify individuals who might have this underlying
pain mechanism present. In some individuals, nociplastic pain or its antecedents might
manifest early in the lifespan, which could be a window of opportunity for early

intervention.

We can and should do better in preventing and treating nociplastic pain. When this type
of pain is identified, therapist that are directed preferentially towards CNS processes,
including non-pharmacological and whole-person integrative therapies, are much more
likely to be effective than peripherally directed therapies or opioids. Clinicians should
also understand the importance of sleep problems, early-life trauma and physical
inactivity in promoting the development of this type of pain when treating these
patients.
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Fig. Il

Central nervous system-mediated features of nociplastic pain.

In addition to widespread pain that can involve the viscera, head and face,
and musculoskeletal system, people with nociplastic pain often experience a
cluster of central nervous system (CNS)-mediated symptoms, including
cognitive disturbances, mood problems such as depression and anxiety, un
refreshing sleep and fatigue, and multisensory hypersensitivity. Individuals
with nociplastic pain are commonly diagnosed with multiple chronic
overlapping pain conditions. IBS, irritable bowel syndrome.
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Box1l Core principles of treating nociplastic pain

BREREERERORA

The core principles of treating nociplastic pain can be tailored to each patient, and
should begin with an acknowledgement that the individual’s symptoms are real, in
concert with a specific diagnosis4. Non-pharmacological options, as listed below, are
recommended as the first step for treatment.
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Non-pharmacological therapies

Patient education:

» Explain pain processes, treatment strategies and rationale using simple language
« Set realistic expectations and common goals - promote self-management lifestyle:
* Increase health-related physical activity

* Diet and weight management

« Address health behaviors, for example, substance use

- Proper sleep hygiene

- Stress reduction

 Continue life participation, such as work and social activities
Psychological therapies:

« Cognitive behavioral therapies

« Acceptance-based and mindfulness therapies

 Others, including emotional exposure and awareness therapy
Treatment of comorbidities:

» Depression

* Anxiety

- Post-traumatic stress disorder

* Insomnia

Non-pharmacological therapies:

e Physical therapy

» Acupuncture

e Other integrative therapies, for example, yoga and Tai Chi



Pharmacological therapies

- Centrally acting drugs

—Tricyclic antidepressants such as amitriptyline and cyclobenzaprine
-Serotonin-noradrenaline reuptake inhibitors such as duloxetine and milnacipran
Noradrenaline reuptake inhibitors such as esreboxetine

-Gabapentinoids

» Simple analgesics and non-steroidal anti-inflammatory drugs have little effect
« Avoid opioids

Potential future therapies

e Neuromodulation, such as transcranial stimulation and deep brain

stimulation

* Novel pharmacological therapies, such as cannabinoids

FEFMBEE
BEYE
-EADT AR REEE, REHELSECRAT 5,
- RENAEGFEHBOREARET S ¢
- RS ED B AEE DIEM
-BREERLHEEE
- RERITE). fI R ILEMER DXL
B 7 EERE &
A b L 2DEE
- EECHEES L EDETFES IO MKE
DB
- RAITEE A
- RREE. YAV P 7L REE
- Zofth, RIBERBEL TV T RRAELERYE
HEERBDGE
- 570
- NLEE
DRIMEE R F L REE
NARTE
ML .
- BYEOA
- A
- Z DDA EE (A, KBERE



EMEE

PR EAE

STIMNYTFYY, ARV T U EEDZBR D D8

SFaRF¥EFr, INFTTIoREDEANZY - /AT RLF U B IAKEEER
IXLARFEFURED/ LT KL F Y EEYIAKEER

AN F /AR

- BB CIER T O A P AEREITIZ LA R R,

-FEF A NI3EET B

SHEEBFIh3EEE
- IRBEE RO RORESRE AR & D Neuromodulation,
-hrvFE/ A4 FREDH L WEEBEE

Fig. 2
Risk factors for nociplastic pain across the lifespan.
Nociplastic pain is shaped by multiple factors, with childhood and adolescence
representing particularly vulnerable period of time. Risk factors might compound across
the lifespan and increase overall risk for nociplastic pain (represented by the blue bar)
However, most individuals with these risk factors do not develop nociplastic pain, and
the exact mechanisms that promote versus prevent the development of nociplastic pain
remain unclear.
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Nociplastic pain risk factors

In utero/infancy Childhood/adolescence Adulthood

« Genetics and « Adverse childhood experiences
epigenetics » Puberty/hormonal influences

* Sex » Social and developmental

» Maternal stress context

= Low birth weight

+ Poor socioeconomic position
« Physical inactivity

« Obesity

« Sleep disturbance

= Depression and anxiety
 Trauma and stressors

= Physical injuries

Fig. 31 The pathophysiology of nociplastic pain.
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Neuroimaging studies have influences on pain perception. Alterations in the immune
system and peripheral shown abnormal brain connectivity in people with nociplastic
pain. The spatial nervous system are also observed in people with nociplastic pain.
Future work is distribution of pain across the body is associated with increased
functional needed to understand how these systems interact in nociplastic pain states.
ACC. connectivity between regions of the default mode network (DMN). salience
anterior cingulate cortex; CSF, cerebrospinal fluid; GABA, y-aminobutyric acid; IPL,
inferior parietal cortex; Ml , primary motor cortex; mPFC, medial prefrontal cortex; PAG,
periaqueductal grey; PCC, posterior cingulate cortex; RVM, rostra ventromedial

medulla; SI. primary somatosensory cortex.
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Box2 Is the development of nociplastic pain associated with neural
vulnerability? BRZRAEERRORIEIZ. HEOHRBFELEEL TWVWEIDEAS

IH?

As most neuroimaging studies are performed in adults who have often had chronic pain
for years, studying the role of the central nervous system in pain development or
vulnerability is challenging?. To our knowledge, only two studies?296 - 297 to date have

examined brain structure and function before the onset of pain, as described below.

In a 2022 study of pain-free children enrolled in the longitudinal Adolescent Brain
Cognitive Development Study (ABCD Study), we compared resting-state functional
connectivity in children who developed multisite pain 1 year after neuroimaging with
children who remained pain-free. At baseline, children who developed multisite pain
had increased functional connectivity between regions of the salience network (SLN),

sensorimotor network (SMN) and default mode network (DMN)296. Subsequently, a



study in chemotherapy-naive adults has found similar results: people who developed
pain after chemotherapy treatment had increased brain activity in SMN,S LN and DMN
regions and reduced activity in a key pain inhibitory region, the periaqueductal grey, in
response to a painful stimulus at baseline when they were pain free, compared with
individuals who remained pain-free7. Interestingly, neither of these studies found brain
structure to be predictive of future pain, suggesting that changes in brain structure
result from neuroplasticity as a consequence of pain rather than the cause, as
previously thought298.Th ese observations are in line with studies in adults with
established nociplastic pain features, in which heightened connectivity between the
DMN, SLN and SMN is one of the most consistent findings (as discussed in the
section 'Brain network enmeshment’) 90.Together, the findings suggest that these
patterns of brain connectivity are trait-like and indicate an underlying vulnerability in

which brain function can predispose an individual to developing pain.
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Multisite pain and

hyperalgesia L Yoo
Sex differences Female »>> male Fermnale > male
Later in life
- Young i
Age at pain onset (often during puberty) (as nociceptive insults
accrue)
Family history of pain Yes No
Presence of multiple COPCs Yes Yes
Psychological comorbidity High Moderate
Increased sensitivity to :
non-pain sensory stimuli High Low/moderate
Pain resolves when
nociceptive input is No Yes
removed

Fig. 4 Subtypes of nociplastic pain: top-down and bottom-up.

A summary of two potential subtypes of nociplastic pain, tentatively termed "top-
down’and "bottom — up. Top-down nociplastic pain is unlikely to resolve after treatment
directed at the periphery. which suggests that augmented pain processing in the
central nervous system can occur and be maintained independent of nociceptive input.
Individuals whose pain began early in life and have multiple chronic overlapping pain
conditions

(COPCs)and multisensory sensitivity are more likely to have top-down nociplastic
pain. By contrast, bottom-up nociplastic pain stems from ongoing peripheral
nociceptive input and is likely to improve when that stimulus is removed. Individuals
with the bottom-up form of nociplastic pain are less likely to have COPCs and other
comorbidities, and often pain begins later in life. Figure adapted with permission from
ref. 286.Wiley.
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