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Chronic Pain 2

Nociplastic pain: towards an understanding of prevalent 
pain conditions
Mary-Ann Fitzcharles*, Steven P Cohen*, Daniel J Clauw, Geoffrey Littlejohn, Chie Usui, Winfried Häuser 

Nociplastic pain is the semantic term suggested by the international community of pain researchers to describe a 
third category of pain that is mechanistically distinct from nociceptive pain, which is caused by ongoing inflammation 
and damage of tissues, and neuropathic pain, which is caused by nerve damage. The mechanisms that underlie this 
type of pain are not entirely understood, but it is thought that augmented CNS pain and sensory processing and 
altered pain modulation play prominent roles. The symptoms observed in nociplastic pain include multifocal pain 
that is more widespread or intense, or both, than would be expected given the amount of identifiable tissue or nerve 
damage, as well as other CNS-derived symptoms, such as fatigue, sleep, memory, and mood problems. This type of 
pain can occur in isolation, as often occurs in conditions such as fibromyalgia or tension-type headache, or as part of 
a mixed-pain state in combination with ongoing nociceptive or neuropathic pain, as might occur in chronic low back 
pain. It is important to recognise this type of pain, since it will respond to different therapies than nociceptive pain, 
with a decreased responsiveness to peripherally directed therapies such as anti-inflammatory drugs and opioids, 
surgery, or injections.

Introduction 
Development of a new pain descriptor 
Previously, chronic pain was thought to arise via 
two sources: nociceptive, which is associated with an 
ongoing input from real or threatened tissue injury, and 
neuropathic, caused by injury or disease affecting the 
peripheral nervous system or CNS. This belief left other 
chronic pain conditions with well defined phenotypes, 
but without clear evidence of nociceptive or neuropathic 
involvement, in a nebulous zone. In 2016, the term 
nociplastic pain was proposed as a mechanistic descriptor 
for chronic pain states not characterised by obvious 
activation of nociceptors or neuropathy, “but in whom 
clinical and psychophysical findings suggest altered 
nociceptive function”.1 Nociplastic pain can be mechanis­
tically defined as pain arising from the altered function 
of pain-related sensory pathways in the periphery and 
CNS, causing increased sensitivity.2 Nociplastic pain can 

occur in isolation or as a comorbidity in individuals with 
chronic pain conditions that are primarily nociceptive or 
neuropathic.

Nociplastic pain should be viewed as an overarching 
terminology that can be applied to a diverse range of 
clinical conditions that share common neurophysiological 
mechanisms, involving various organ systems. Distinct 
from a specific disease, this term provides validity for pain 
complaints previously identified by stigmatising terms 
such as dysfunctional pain or medically unexplained 
somatic syndromes. Given that there are overlapping 
conditions characterised by nociplastic pain, findings 
from more studied conditions (eg, fibromyalgia) may be 
extrapolated to more obscure conditions, because mech­
anism-based pain treatment is considered theoretically 
superior to symptom or disease-based treatments.3 By 
recognising the characteristics of nociplastic pain and 
identifying concomitant symptoms, physicians can 
establish a diagnosis even in the absence of defining 
biomarkers. Accumulated scientific understanding of the 
neurobiology of pain prompted the Terminology Task 
Force of the International Association for the Study of 
Pain (IASP)1 to propose this new term, which is 
mechanistically and clinically distinct from the other two 
pain categories. Nociplastic pain refers to a physiologically 
based category that is particularly applicable to chronic 
primary pain conditions outlined in the new International 
Classification of Diseases 11th edition, published by 
WHO.4 The IASP has subdivided chronic primary pain 
conditions, defined as chronic pain in one or more 
anatomic regions associated with notable emotional 
distress or disability that cannot be better explained by 
another chronic pain condition, into the following five 
categories: chronic widespread pain (eg, fibromyalgia), 
complex regional pain syndrome, chronic primary 
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Search strategy and selection criteria

From January, 2019, to January, 2020, we searched the 
databases MEDLINE, Ovid, Google Scholar, and Google using 
the key words “chronic pain”, “diffuse pain”, “chronic pain 
disorder”, “nociplastic pain”, “functional pain”, “somatoform 
disorder”, “somatization”, “somatic symptom disorder”, and 
“widespread pain”, along with key words adapted for 
individual conditions (eg, “fibromyalgia”, “fibrositis”, 
“temporomandibular disorder”, “temporomandibular joint 
pain”). For treatment sections and tables, our selection 
criteria gave precedence to systematic reviews, guidelines, 
meta-analyses, and large, randomised trials, but did not 
exclude any data source. We imposed no date or language 
restrictions.

http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(21)00392-5&domain=pdf
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headache and orofacial pain, chronic primary visceral 
pain, and chronic primary musculoskeletal pain.5 The 
term chronic primary pain presupposes the causal 
dysfunction of nociceptive processing, which distinguishes 
it from somatic symptom disorders, which are defined by 
psychological symptoms irrespective of any underlying 
somatic disease that might explain the physical symptoms.

Challenges in treatment and understanding
Caring for patients with nociplastic pain is challenging; 
the pain complaint is often difficult to describe, there 
are associated subjective symptoms, and pathognomonic 
clinical findings or biomarkers are absent. Nociplastic 
pain conditions are frustrating for both health-care 
professionals and patients, with physicians uncertain 
regarding diagnosis and patients resentful that their 
symptoms are doubted. Nociplastic pain represents a 
dynamic interplay of various mechanisms causing or 
amplifying pain, arising de novo or triggered by pain 
generator(s) that can be driven by the peripheral nervous 
system or the CNS, psychologically driven, or a combin­
ation. It is a phenotypic expression of multifactorial 
processes originating from different inputs, which 
could be either a bottom-up response to a peripheral 
nociceptive or a neuropathic trigger (ie, often referred to 
as central sensitisation), or a top-down CNS-driven 
response.6 Categorising pain as being confined to one 
mechanistic group is an oversimplification, and many 
or even most pain states represent a mixed-pain 
picture with substantial mechanistic overlap.7 With the 
improved understanding of pain mechanisms, the 
current list of nociplastic pain conditions will probably 
evolve.

Nociplastic pain as part of a continuum 
Although the proposed definition identifies nociplastic 
pain as a unique category devoid of actual or threatened 
tissue or somatosensory damage, there is evidence for 
the overlap of nociceptive, neuropathic, and nociplastic 
pain, indicating that nociplastic pain is not a distinct 
entity, but part of a chronic pain continuum.1 For 
example, the term mixed pain has been used to describe 
conditions such as chronic low back pain that might 
have nociceptive, neuropathic, and nociplastic com­
ponents.8 This effect occurs in individuals with both 
nociceptive (eg, rheumatic disorders) and neuropathic 
pain (eg, small fibre neuropathy) whereby nociplastic 
mechanisms, often identified as comorbid fibromyalgia, 
are viewed as a concurrent condition.9 For some 
conditions, more than a third putatively involve 
nociceptive, neuropathic, and nociplastic mechanisms 
in combination.7 Studies that make use of instruments 
predating the concept of nociplastic pain have found 
neuropathic-like components in 12% of patients with 
low back pain and more than a third of patients with 
knee or hip arthritis, which probably represent 
nociplastic mechanisms.10,11 Similar to other chronic 

pain conditions, nociplastic pain is associated with 
other symptoms, leading experts to propose expansive 
terminology to include the term syndrome, namely 
nociplastic pain syndrome. The addition of the term 
syndrome acknowledges the presence of a constellation 
of symptoms with no clearcut pathophysiological 
mechanism(s), which differs from a disease with well 
defined pathophysiological mechanisms and objective 
diagnostic test results.

Neurophysiological underpinning 
The mechanistic common denominator of nociplastic 
pain is the amplified processing of or decreased inhib­
ition of pain stimuli at multiple levels in the nervous 
system, or both. There are probably numerous initiating 
routes that lead to a final common pathway of the 
amplification of nociceptive perception, transduction, 
and transmission (figure).

The concept that pain hypersensitivity after a traumatic 
noxious stimulus in the periphery could be mediated by 
both peripheral and CNS changes was first proposed by 
Woolf,12 who used the term central sensitisation to refer 
to the spinal mechanisms that augmented the ongoing 
peripheral nociceptive input. Subsequent studies iden­
tified a plethora of spinal and supraspinal mechanisms 
capable of causing, amplifying, or perpetuating pain, 
with an operative emphasis on nociceptive input.13–15 In 
the mid-1990s, the concept of central sensitisation was 
introduced to explain the regional and diffuse pain 
hypersensitivity associated with various chronic pain 
conditions, including peripheral neuropathic pain,16 
fibromyalgia,17 headache,18 temporomandibular disorder,19 
irritable bowel syndrome (IBS),20 and interstitial cystitis.21 
In these conditions, pain alterations identified by 
quantitative sensory testing (QST) extended to more than 
localised body regions.

The pattern of expanding pain that was characterised 
by hyperalgesia (increased pain in response to painful 
stimuli) and allodynia (pain in response to normally 
non-painful stimuli) suggested supraspinal rather than 
purely spinal dysfunction.22 In addition to widespread 
pain and tenderness, patients had other symptoms that 
were suggestive of CNS involvement, including fatigue, 
sleep, mood and memory difficulties, and sensitivity 
to non-nociceptive sensory stimuli such as light 
(photosensitivity) and sound (hyperacusis). Dynamic 
QST tests have shown that other abnormalities in pain 
processing in the CNS and peripheral nervous system, 
including an increase in facilitative activity and 
decreased descending inhibition, contribute to pain 
amplification.23 Examples of facilitative activity include 
temporal summation or increasing pain perception after 
repeated noxious stimulus secondary to a so-called 
wind-up (ie, an enhanced spinal neuron response after 
C-fibre or, less commonly, A-δ stimulation), and the 
expansion of receptive fields and hyperalgesia or 
allodynia, or both, secondary to central sensitisation. 
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Diminished descending modulation might manifest as 
allodynia or hyperalgesia, and can be measured by 
conditioned pain modulation (figure).

Imaging findings 
Newer imaging techniques, such as functional, 
chemical, and structural brain imaging, have elucidated 

the underlying CNS mechanisms driving central 
sensitisation.24 Differential neural activation in brain 
regions involved in pain and sensory processing are 
shown by functional MRI scans in healthy individuals 
subjected to acutely painful stimuli, corroborating 
QST.25,26 The increased activation of brain regions 
involved in processing pain and other sensory infor­
mation have been shown in fibromyalgia, IBS, and low 
back pain.27–29

With the use of functional MRI, increased connectivity 
has been identified between brain regions involved in 
augmenting pain and emotion (eg, regions of the 
default mode network and insular cortex), and decreased 
activity in brainstem regions involved in descending 
analgesic mechanisms.30,31 Changes in the size and 
shape of brain regions in individuals with chronic pain 
states, originally thought to represent atrophy, are now 
believed to be indicative of neuroplasticity.32,33 Proton 
spectroscopy can probe specific neurotransmitters 
involved in these processes, with subsets of individuals 
displaying increased glutamatergic activity or decreased 
GABAergic activity in key pain processing regions such 
as the insula.34,35 Positron emission tomography can 
examine the function of neurotransmitter systems, 
such as the endogenous opiate pathways, supporting 
the concept of neuroinflammation and glial cell 
involvement.36–39

Prevalence 
There is great variability in the prevalence rates for 
nociplastic conditions (table). With chronic pain estimated 
to affect one in five people, for many people with chronic 
pain the operative mechanisms probably represent a 
mixed-pain pathophysiology, clinically expressed as 
chronic overlapping pain conditions with a prominent 
nociplastic pain component.56,57 These pain conditions 
cross all geographical, demographic, and social strata, with 
the prevalence generally higher for female individuals. In 
one review it was estimated that between 5% and 15% of 
the general population suffers from nociplastic pain.58 
Genetic, environmental, psychosocial, and epigenetic 
factors probably play a role in the expression of various 
syndromes.57,59

Causes 
The biopsychosocial model is particularly relevant for 
nociplastic pain disorders.60,61 Although often sought 
out, a causal factor is usually not evident. Common 
predisposing factors include a family history of pain, a 
history of pain experiences, and psychosocial factors 
such as psychological, emotional, sexual, or physical 
abuse, or a combination of these.62 Aggregation within 
families might be because of genetics and epigenetics, 
learned behaviour, or environmental exposures, with 
genetic studies identifying several candidate genes that 
might someday be useful as biomarkers.63 Triggering 
factors might include general psychosocial stressors 

Figure: Mechanisms and features of nociplastic pain
Figure created by Joe Kanasz.

Features of nociplastic pain conditions

Supraspinal mechanisms

• Combined peripheral and central pain sensitisation
• Hyper-responsiveness to painful and non-painful sensory stimuli
• Associated features

- Fatigue
- Sleep disturbance
- Cognitive disturbances
- Hypersensitivity to environmental stimuli
- Anxiety and depressed mood

• Hyper-responsiveness to pain stimuli
• Hyperactivity and connectivity in and 

between brain regions involved in pain
• Decreased activity of brain regions 

involved in pain inhibition 
(ie, descending inhibitory pathways)

• Elevated cerebrospinal fluid substance 
P and glutamate concentrations, 
decreased GABAergic transmission

• Changes in the size and shape of grey 
and white matter regions involved in 
pain processing

• Glial cell activation

Spinal mechanisms
• Regional clustering and convergence 

of signals from different pain loci
• Spinal cord reorganisation
• Amplified spinal reflex transmission
• Diminished spinal inhibition
• Wind-up and temporal summation
• Glial cell activation

Peripheral features
• Minor local muscle pathology (eg, changes in pH, muscle 

fibre composition, and latent and active trigger points)
• Peripheral sensitisation (eg, expansion of receptive 

fields, elevated cytokine and chemokine concentrations)
• Hyperalgesia, dysesthesia, and allodynia
• Localised or diffuse tenderness, or both
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(eg, workplace and family conflicts) and organ-specific 
biological factors such as gastrointestinal infections 
(identified as a trigger in 10–20% of patients with 
irritable bowel syndrome), and underlying inflammatory 

rheumatic diseases (up to 25% with comorbid fibro­
myalgia).9,64,65 However, the causal relationship between 
a patient-reported inciting event and a chronic pain 
condition is often unclear, because many patients 

Diagnostic criteria and source Associated characteristics in history 
and examination

Epidemiological 
prevalence and sex 
ratio (female:male)

Evidence-based international and 
interdisciplinary guidelines

Comments

Chronic widespread 
pain

2016 criteria40 and IASP;5 
musculoskeletal pain in four or five 
body regions, and in at least three or 
more body quadrants (upper-lower 
or left-right side of the body and 
axial skeleton, including the neck, 
back, chest, and abdomen)

Somatic diseases, mental health 
disorders and low socioeconomic 
status

8–11%; 2:1 No No ICD-10 code 
available; diagnostic 
criteria differ in the 
number of required 
pain sites and pain 
regions; heterogeneous 
medical conditions 
depending on 
comorbidities

Fibromyalgia ACR40 and AAPT;41 chronic 
widespread pain and associated 
sleep disturbance, fatigue, and other 
cognitive and somatic symptoms

Fatigue, sleep disturbance, cognitive 
symptoms, environmental 
hypersensitivity, mood disorder, and 
post-traumatic stress; often 
associated with concomitant 
rheumatic disease; diffuse 
musculoskeletal tenderness

2–4%; 2:1 (in the 
general population)

EULAR;42 stepwise approach according to 
severity: (1) non-pharmacological self-
management strategies; (2) multimodal 
treatments including mental health care 
in case of mental disorder; (3) selected 
drug therapies with low dose tricyclic 
antidepressants, serotonin and 
norepinephrine reuptake inhibitors, 
and anticonvulsants, and avoidance of 
opioids

Diagnostic criteria differ 
regarding the number 
of pain sites, pain 
regions, and required 
non-pain symptoms; 
underdiagnosed in 
men; phenotypic 
expression depends on 
comorbidities; unclear 
importance of small 
fibre neuropathy or 
pathology in a small 
number of patients

Chronic low back 
pain of unknown 
causes (non-specific 
low back pain)43

IASP;5 pain that is present for at 
least 3 months, with associated 
emotional distress and interference 
in daily activities; previously named 
non-specific low back pain

85% of chronic back pain is non-
specific, with no clear pathoanatomic 
explanation; absence of red flags that 
suggest cancer, spinal inflammation 
or infection, cauda equina syndrome, 
major nerve root compression, 
vertebral fracture or abdominal aortic 
aneurysm44

Up to 10%; sex ratio 
influenced by country, 
socioeconomic status, 
and work activity

Clinical guidelines committee of the 
American College of Physicians;44 
non-pharmacological treatment with 
exercise, multidisciplinary rehabilitation, 
acupuncture, mindfulness-based stress 
reduction, etc; if there is an inadequate 
response to non-pharmacological 
treatments, proceed to drug treatment 
with non-steroidal anti-inflammatory 
drugs as a first line treatment, or tramadol 
or duloxetine as a second line treatment

More prevalent in the 
working population; 
leading cause of 
disability globally in 
some populations

Chronic 
temporomandibular 
pain (TMJ) disorders

AAPT;45 chronic orofacial pain for at 
least 2 h per day on at least 50% of 
days for at least 3 months; there are 
two distinct phenotypes: 
(1) myogenous, which includes pain 
in masticatory muscles; and 
(2) arthrogenous, which includes 
pain in the TMJ or associated tissues; 
patients might have mixed 
phenotypes

Stiffness, cramping, pressure, 
soreness, or aching, or a combination, 
in TMJ region; fatigue and 
incoordination associated with jaw 
movement; pain on palpation of 
temporalis or masseter muscle, or 
lateral pole of TMJ

10–15%, (only 5% seek 
treatment); 2:1

National Institutes
of Health Technology Assessment 
Conference Statement 1996; 
management of temporomandibular 
disorders;46 (1) efficacy for most 
treatments are unknown; 
(2) non-invasive therapies are preferred 
including relaxation, behavioural 
therapies, etc; (3) physical therapies 
need validation; (4) surgery for selected 
patients with documented pathology of 
the TMJ suspected of causing pain

Frequently associated 
with fibromyalgia and 
headaches; typically 
associated with 
activities (incident 
pain)

Irritable bowel 
syndrome

Rome IV criteria;47 symptom onset 
at least 6 months before diagnosis; 
pain on at least 1 day per week in 
the last 3 months associated with 
two or more of the following: 
(1) related to defecation; (2) change 
in stool frequency; (3) change in 
stool appearance; variations include 
irritable bowel syndrome with 
predominant constipation; 
with predominant diarrhoea; 
or with mixed bowel habits

Onset may be after gastrointestinal 
infection or antibiotic treatment, or 
both

5–10%; 2:1 NICE guidance:48 (1) dietary and lifestyle 
advice, (2) pharmacological therapy 
based on severity, (3) psychological 
interventions if not responsive to 
pharmacological treatments after 
12 months, and (4) discourage use of 
acupuncture and reflexology

Higher prevalence when 
assessed by population 
questionnaires, lower 
prevalence (2%) from 
administrative data; 
linked to motility 
disturbances, visceral 
hypersensitivity, altered 
mucosa and gut 
microbiota, local and 
systemic immune 
system dysfunction, 
and impaired CNS 
processing

(Table continues on next page)
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identify precipitating events that do not have a 
pathoanatomical basis.66,67

Natural course 
The diagnosis of nociplastic pain is typically delayed, 
with physicians still adhering to the adage of a so-called 
diagnosis of exclusion for many conditions. This delay 
often results in excessive health-care use and further 
exacerbates mistrust towards medical professionals. 
The natural course of most nociplastic conditions is one 
of persistent and sometimes lifelong symptoms, 
although some patients, often with localised symptoms, 
have complete remission. In one survey involving 
900 patients in Europe and Latin America, it took 
an average of 35 months and interactions with 
4·5 physicians before a diagnosis of fibromyalgia was 
made, with the mean duration of symptoms being 
89 months (longer in Latin America).68 Persistent 

symptoms have been reported for adolescents and 
adults with fibromyalgia.69,70 The prognosis for other 
nociplastic conditions might be better than that for 
widespread pain. For irritable bowel syndrome, a 
systematic review found that 2–5% of patients were 
diagnosed with an alternative disorder during a 6-year 
follow-up, 2–18% had worsening symptoms, 30–50% 
had relatively stable symptoms, and the rest of the 
patients (approximately a third) saw improvement in 
their symptoms.71 In a Danish cohort study with 5-year 
follow-up, persistent symptoms of IBS were associated 
with more health-care visits, greater sickness and 
disability benefits, and excess unadjusted health-care 
costs of €680 per year.72 A cohort study evaluating 
untreated temporomandibular disorders reported that 
three-quarters of the patients had a decrease or 
resolution of their symptoms at a 2·5-year follow-up, 
with the other 25% having no improvement or requiring 

Diagnostic criteria and source Associated characteristics in history 
and examination

Epidemiological
prevalence and sex 
ratio (female:male)

Evidence-based international and 
interdisciplinary guidelines

Comments

(Continued from previous page)

Chronic primary 
bladder pain 
syndrome

ICS,49 ESSIC;50 pain in bladder region 
with at least one other symptom: 
(1) increased pain with bladder 
filling; or (2) urinary frequency

Dyspareunia, urinary urgency, pain or 
discomfort in the pelvis, perineum, 
labia, vagina, or urethra; tenderness 
in groin, suprapubic, rectal, or vaginal 
regions

3–6%; 2–10:1 EAU;51,52 stepwise approach: 
(1) education, physiotherapy, 
behavioural modification (eg, timed 
voiding, fluid modification, bladder 
training), psychological therapies as 
indicated; (2) pharmacotherapy 
(eg, low dose tricyclic antidepressants, 
antispasmodics, drugs that affect 
gastrointestinal motility and secretions); 
(3) intravesical injections with local 
anaesthetic, dimethyl sulfoxide, 
botulinum toxin, and other medications; 
(4) neuromodulation

Disagreement between 
guidelines on the exact 
definition of bladder 
pain syndrome and the 
nomenclature to 
describe it; disparity in 
recommended 
diagnostic 
investigations with 
hydrodistension and 
bladder biopsy either 
recommended, 
considered optional, 
or not recommended; 
underdiagnosed in men

Chronic primary 
pelvic pain 
syndrome in men

NIH classification of prostatitis;53 
category 3B identified when there is 
an absence of evidence for infection 
(insignificant white blood cell count 
in prostatic secretions, third bladder 
void, or semen); localised to the 
pelvic region outside of the 
distribution pattern of a specific 
visceral structure; often used 
synonymously with chronic 
prostatitis without a documented 
infection

Pain in abdomen, inguinal or groin 
region, or rectum; pain brought on or 
worsened by urination; pain 
associated with ejaculation, 
ejaculatory dysfunction, loss of libido; 
strong association with anxiety and 
depression; muscle tenderness in 
abdominal or pelvic regions

2–16% in USA in men, 
2–9% in Asia in men; 
0:1

EAU;51,54 (1) education and physical 
therapy; (2) myofascial trigger point 
release; (3) drug therapy 
(eg, non-steroidal anti-inflammatory 
drugs, botulinum toxin injections); 
(4) phytotherapy; and (5) psychological 
therapies

..

Chronic primary 
pelvic pain 
syndrome in 
women

No standardised international 
definition of chronic pelvic pain in 
women; pain localised in the pelvic 
region with a referral pattern from 
pelvic internal organs often outside 
of typical distribution maps

Cyclical, intermittent, situational, or 
consistent pelvic pain with radiation 
to the low back, groin, and upper leg; 
can be associated with 
menstruation, sexual intercourse, 
urination, and defecation; 
tenderness in pelvic region (genital 
organs, pelvic floor)

15% of women 
(60–80% have no 
identifiable somatic 
pathology, 
eg, endometriosis, 
adhesions); 1:0

EAU,51 ISPOG;55 include: (1) education; 
(2) physiotherapy; (3) physical therapies 
(eg, trigger point injections); 
(4) psychological therapies; (5) drug 
therapy does not have adequate 
evidence; antidepressants or other 
adjuvants might be considered in 
individual cases

There are few 
randomised controlled 
trials available that 
guide treatment for 
patients without 
organic pathology

AAPT=Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations Opportunities and Networks and American Pain Society Pain Taxonomy. ACR=American College of Rheumatology. 
EAU=European Association of Urology. ESSIC=European Society for the Study of Interstitial Cystitis. EULAR=European League Against Rheumatism. IASP=International Association for the Study of Pain. 
ICS=International Continence Society. ICD-10=International Classification of Diseases 10th edition. ISPOG=International Society of Psychosomatic Obstetrics and Gynaecology. NICE=National Institutes for 
Health and Clinical Excellence. NIH=National Institute of Health. TMJ=temporomandibular joint.

Table: Most common nociplastic pain syndromes 
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treatment.73 Another study done in patients with 
temporomandibular disorders found that a better 
baseline health predicted less pain at a mean follow-up 
period of 8 years.74 72% of patients in this cohort 
continued to have a diagnosis of a temporomandibular 
disorder at the 8-year follow-up, with the average pain 
intensity felt by these patients being 31% less. Although 
some patients have symptom eradication, this does not 
happen in most; however, over time, most patients are 
able to identify some effective treatment strategies.70

Nociplastic pain syndrome categories 
Examples of common conditions, diagnostic criteria, 
clinical characteristics, and guidelines are shown in the 
table. Previously used descriptive terms, such as chronic 
low back pain and chronic pelvic pain, covered a wide 
spectrum of pain disorders that ranged from exclusively 
nociceptive to exclusively nociplastic mechanisms.75 
Across syndromes, severity can vary from a minor incon­
venience to incapacitating symptoms, with comorbid 
CNS symptoms present to variable degrees.

Chronic widespread pain and fibromyalgia 
Chronic widespread pain might be a stand-alone 
diagnosis, but is more commonly the cornerstone for 
fibromyalgia, with diagnostic criteria requiring the 
presence of associated symptoms, including sleep 
disturbances or fatigue, or both.41 Originally thought to 
occur mainly in women, newer criteria have removed 
the numerical and threshold (pain when 4 kg of pressure 
is applied threshold to designate a tender point) 
requirements for identifying tender points that led to the 
underdiagnosis of this condition in male individuals; 
thus, the condition is now believed to have a 2:1 female 
predominance.76 Up to 30% of patients identify a 
preceding physical or psychological trigger,77 although 
in a majority of patients, no pathoanatomical con­
nection can be established. Another consideration is the 
increased trend to overdiagnose fibromyalgia in some 
regions (eg, North America), which should be balanced 
against underdiagnosis.78

Complex regional pain syndrome 
Complex regional pain syndrome can be subclassified 
as type 1 (without nerve injury) or type 2 (with an 
identifiable nerve injury) and is the only nociplastic and 
neuropathic condition with clearly identifiable clinical 
findings, which involve both signs and symptoms of 
sensory, vasomotor, sudomotor, or motor changes, or 
a combination.79 Among all nociplastic conditions, 
complex regional pain type 1 represents an outlier in 
symptom severity and clinical findings, which might be 
substantial. Signs and symptoms should be dispro­
portionate to the inciting event, not caused by another 
medical condition, and involve symptoms and 
pathology outside of the distribution of a single nerve 
or nerve root.

Chronic primary headaches and orofacial pain 
Chronic primary headaches and orofacial pain include 
six defined syndromes with established diagnostic criteria 
for chronic migraine, chronic tension-type headache, 
trigeminal autonomic cephalalgias, chronic temporo­
mandibular disorder pain, chronic burning mouth, and 
chronic primary orofacial pain.5 Burning mouth 
syndrome does not have clear criteria, and is not clearly 
categorised as either neuropathic or nociplastic pain.

Chronic visceral pain syndromes 
The IASP has classified chronic visceral pain syndromes 
into six subgroups: chest, epigastric, abdominal, bladder, 
and pelvic pain syndromes, and irritable bowel syn­
drome, with the anatomical location reflecting pain 
patterns that often deviate from referral maps from 
internal organs (eg, IBS might result in a more diffuse 
pain pattern than inflammatory bowel disease affecting 
the same segment).80 Each syndrome can be identified 
by symptoms referable to the organ system involved, has 
proposed criteria regarding the duration and frequency 
of symptoms, and these syndromes frequently overlap 
with each other. Similar to other nociplastic conditions, 
psychological issues and constitutional symptoms are 
widespread among patients. Some groups have proposed 
further subdivisions; for example, the Rome IV criteria 
for functional gastrointestinal disorders identified five 
oesophageal, four gastroduodenal, two gallbladder and 
sphincter of Oddi, and three anorectal disorders.81 These 
disorders are classified by gastrointestinal symptoms 
related to combinations of motility disturbances, visceral 
hypersensitivity, altered mucosal and immune function, 
gut microbiota, or CNS processing.

Chronic primary musculoskeletal pain 
Chronic primary musculoskeletal pain includes primary 
cervical, thoracic, low back, and limb pain, with spinal 
pain previously called non-specific back (or neck) pain. 
In these conditions, pain might occur spontaneously or 
following a trigger, but the extent of pain and suffering is 
greater than that expected for the underlying pathology. 
Structural changes in the spine are age-related and 
prevalent in a majority of patients by the fourth decade of 
life in all spinal regions, but are insufficient to account 
for symptoms.82 Studies have generally found a poor 
correlation between MRI findings and pain intensity or 
quality of life measures.83 These statistics, along with the 
high false-positive rate of diagnostic spine injections, 
underscore the inherent challenges involved in linking 
spine pathology to symptoms.84 As an example, low back 
pain that is non-specific typically has phenotypic features 
of nociceptive, neuropathic, and nociplastic pain.43 In the 
absence of a specific pathoanatomical cause, therapies 
are focused on reducing pain and preserving function, 
with treatments following a stepwise approach beginning 
with conservative care and avoiding unnecessary tests 
and procedures.43
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Overlapping nociplastic pain syndromes 
The clinical and pathophysiological (ie, those related to 
central sensitisation) features of chronic pain syndromes 
overlap considerably, leading the US National Institutes 
of Health to coin the clinical term chronic overlapping 
pain conditions.57 This overlap is exemplified by bladder 
pain syndrome, with some patients having symptoms 
confined to the bladder (ie, only nociceptive pain), 
whereas others have widespread pain outside the pelvic 
region, as well as prominent fatigue, sleep, memory, and 
mood symptoms.85 When symptoms are confined to the 
bladder, results of QST testing or functional neuro­
imaging are identical to healthy controls, but when the 
pain is more widespread, the findings are similar to 
fibromyalgia and patients have a poorer prognosis.86 
The diagnosis of nociplastic pain does not require the 
exclusion of pathophysiological factors such as low-grade 
inflammation that might be concurrent or function as a 
perpetuating trigger. Nociplastic features can occur in 
subsets of individuals with chronic pain conditions 
where there is documented ongoing nociceptive input, 
and might worsen the prognosis. For instance, comorbid 
fibromyalgia occurs in approximately 20% of patients 
with inflammatory arthritis, and up to 25% of patients 
with osteoarthritis,87,88 and previously was sometimes 
labelled as secondary fibromyalgia.

Clinical characteristics of nociplastic pain 
syndromes 
Nociplastic pain, as typified by the pain of fibromyalgia, is 
typically described as dull, deep, and aching (adjectives 
classically associated with nociceptive pain), but with many 

patients describing a neuropathic quality (eg, burning or 
shooting). The pain characteristically fluctuates both in 
location and intensity, and may be aggravated by physical 
activity, environmental stimuli (eg, weather changes), or 
emotional distress. Some patients might have dysaesthesia 
(unpleasant abnormal sensation, whether spontaneous or 
evoked), hyperalgesia (exaggerated pain from a stimulus 
that normally causes pain), or even tactile or temperature 
allodynia (pain from a stimulus that does not normally 
cause pain). Activity-induced pain or mechanical hyper­
algesia, or both, result from mechanoreceptor sensory 
inputs gaining access to central pain-related neural 
systems (eg, abdomen and pelvic wall in IBS and pelvic 
pain, or muscles in fibromyalgia).2

The pain location might be segmental (eg, localised 
musculoskeletal area, abdomen, head, and face) or 
widespread and outside a specific dermatome, myotome, 
or sclerotome. Widespread pain typifies fibromyalgia, 
with localised presentations observed in most overlapping 
pain conditions. Nociplastic conditions represent a con­
tinuum of pain manifestations with varying degrees of 
severity and presentations.76

Non-pain symptoms 
Nociplastic pain seldom occurs in isolation, and is usually 
accompanied by other CNS-associated symptoms, such as 
fatigue and sleep disturbances, cognitive impairment, 
hypersensitivity to external stimuli, and mood disturbances, 
classically described in fibromyalgia.41 Reduced sleep 
quality adversely affects long-term prognosis.89,90 Sleep 
deprivation in patients and healthy controls is associated 
with increased pain sensitivity, cognitive deficits, and 
mental and physical fatigue, creating a vicious cycle 
detrimental to the patient’s health.91 Physical fatigue might 
be described as a heaviness in the body or inability to do 
daily activities, whereas mental fatigue manifests as 
lethargy or concentration or memory problems. Mood 
problems, especially depression and anxiety, are common.

Clinical evaluation 
The foundation for diagnosing a nociplastic condition is 
a comprehensive evaluation, paying attention to the 
characteristics of the pain, the presence of other somatic 
and psychological symptoms, and physical examin­
ation to identify underlying differential diagnostic and 
comorbid conditions (panel 1). Historical features that 
point towards a nociplastic condition include a family or 
childhood history of pain, and prominent symptoms such 
as fatigue, cognitive problems, multiple environmental 
sensitivities, and psychological symptoms (panel 2).

Questionnaires 
Pain assessment should include location (eg, with the use 
of a body map), intensity, and interference with function. 
Assess comorbid symptoms by clinical enquiry or with 
the use of short instruments such as the four-item 
National Institutes of Health Patient-Reported Outcomes 

Panel 1: Overarching principles for diagnosis of nociplastic 
pain

•	 A detailed clinical history that includes:
•	 A pain complaint
•	 Associated fatigue and sleep disturbance
•	 Associated mood and memory problems
•	 Other somatic symptoms such as sensitivity to sensory 

stimuli
•	 Other organ system symptoms that are distant from the 

primary pain complaint
•	 Functional status

•	 Comprehensive physical examination to identify other 
conditions that could function as a peripheral pain trigger 
(eg, osteoarthritis or peripheral neuropathy)

•	 Selective testing that is condition-specific (eg, laboratory 
tests, imaging, or specific investigations as recommended 
by relevant guidelines)

•	 Selective use of symptom-specific questionnaires 
(eg, sleep, mood, fatigue, or global function)

•	 Assessment of severity of pain (eg, mild, moderate, or 
severe)

•	 Avoid unnecessary investigations or specialist referrals
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Measurement Information System measures.40,92 The 
2011 Fibromyalgia Survey Criteria is a composite symp­
tom severity scale measuring pain location and other 
symptoms (fatigue, cognition, sleep quality, abdominal 
pain, and headache).40 As a surrogate measure for central 
sensitisation, this scale can be used to assess how much 
nociplastic pain contributes to the symptom burden in 
other chronic pain conditions. The Patient Health 
Questionnaire-4, an ultra-short survey can be used to 
screen for depression and anxiety.93 The Central 
Sensitisation Inventory was designed to assess central 
sensitisation and can quantify symptom severity.94 
Symptom-focused questionnaires that assess sleep or 
fatigue include the Pittsburgh Sleep Quality Index and 
the Multidimensional Fatigue Inventory.95 A novel and 
objective indicator of restfulness during sleep can be 
obtained with the use of wrist actigraphy, which provides 
a 24-h measure of motor activity.96

Although questionnaires might assist clinicians in 
diagnosis and gauging symptom severity, no diagnosis 
should depend solely on a questionnaire threshold. Because 
symptoms of nociplastic conditions fluctuate, a strict cutoff 
value in a questionnaire at a cross-section in time will result 
in false-positive and false-negative results. Questionnaires 
should not overburden patients or providers and should 
never replace clinical judgment. Investigations to exclude 
other conditions should be selective, because unnecessary 
testing can exacerbate patient distress and lead to 
overmedicalisation (eg, serial spine MRIs for non-specific 
back pain). Even without a pathognomonic biomarker, 
physicians should feel comfortable making a diagnosis and 
assessing the severity of complaint. Further tests including 
QST, functional MRI, or positron emission tomography 
studies are outside the realm of usual clinical practice and 
are still considered to be research tools.17,97

Treatment strategies 
General principles 
An established diagnosis should be empathetically com­
municated to patients, and their symptoms acknowledged 
as real. Management strategies are directed towards 
attenuating, rather than eradicating, symptoms, with 
overarching principles (panel 3) that can be individually 
tailored (precision medicine). In addition to pain 
alleviation, treatment objectives should include improving 
function and other quality of life indicators. Setting 
realistic expectations is crucial, because low expectations 
might lead to poorer outcomes and higher stress levels, 
whereas overly optimistic expectations can lead to 
disappointment and disengagement.98

Although severe symptoms might necessitate a 
specialty referral, most patients can be managed in 
primary care, as is recommended for fibromyalgia.42 
Unnecessary investigations should be discouraged, to 
avoid promoting a sick role. Treatments are ideally 
multimodal, and should follow a stepwise approach 
according to severity, similar to that advocated by the 

US Veteran’s Health Administration, beginning with 
education and self-care and progressing towards more 
sophisticated treatments as needed.99

Non-pharmacological therapies 
The management of nociplastic pain should prioritise 
non-pharmacological measures, because most medica­
tions provide only a modest benefit and are often associated 
with adverse effects, which are more likely to occur in 
nociplastic conditions.100 Education should highlight the 
tenets of the biopsychosocial model and promote good 
lifetime habits, such as engaging in physical activity, 
weight management, sleep hygiene, and stress reduction. 
Self-management and a strong internal locus of control 
should be encouraged. Psychological strategies might 
include cognitive behavioural therapies, mindfulness and 
acceptance-based interventions, psychodynamic therapies, 
biofeedback, and hypnotherapy, all of which should be 
integrated into a multidisciplinary care programme. A 
Cochrane review reported that cognitive behavioural 
therapy (CBT) has small beneficial effects in reducing 
pain, disability, and distress, whereas the benefits from 
behavioural therapy were uncertain because of the poor 
quality of studies included.101 Although strategies such as 
acceptance commitment therapy, emotional expression, 
and psychodynamic psychotherapy are commonly recom­
mended, the evidence for their effectiveness (and for 
adverse effects) is insubstantial,101 as is the case for many 
treatments for chronic pain. For example, a meta-analysis 
involving nine studies and 750 patients examining 
mindfulness and acceptance-based interventions for 
fibromyalgia reported a small benefit for pain (standardised 
mean difference, 0·46; 95% CI –0·75 to –0·17), and 
conflicting results for quality of life (standardised mean 
difference, –0·74; 95% CI –2·02 to 0·54).102

A systematic review of non-invasive, non-pharma­
cological therapies for various chronic pain conditions 

Panel 2: Clues in patient’s history suggestive of nociplastic 
pain syndrome

•	 Childhood and adolescent symptoms of pain (eg, headache, 
abdomen, or low back)

•	 General symptoms (eg, fatigue and cognitive problems)
•	 Hypersensitivity to environmental stimuli (eg, light or 

sound)
•	 Psychological symptoms (eg, anxiety or depression)
•	 Symptoms causing a high amount of emotional strain
•	 A family history of chronic pain and mental health 

problems
•	 High use of health-care services (eg, many doctor visits or 

investigations)
•	 Poor or no response to conventional analgesics (including 

opioids)

Extrapolated from the EULAR revised recommendations for the management of 
fibromyalgia.42 EULAR=European League Against Rheumatism.
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(including low back and neck pain, fibromyalgia, and 
tension headache) reported that most studies were small 
with little evidence for long-term follow-up after 1 year, 
and generally found that improvements in pain and 
function were small.103 For chronic low back pain 
(including non-specific back pain), the strength of the 
evidence for exercise improving intermediate-term 
functional outcome was graded as low (pooled stand­
ardised mean difference, –0·17; 95% CI –0·39 to 0·02); 
that for psychological therapies improving inter­
mediate pain outcome was graded as moderate (pooled 
difference –0·71; 95% CI –0·97 to –0·46); that for mind­
fulness or mind–body practices were mostly graded as 
low for improving pain and function in the short 
term, intermediate term, and long term; and that for 
physical modalities such as ultrasonography, interferential 
therapy, laser therapy, or massage were mostly graded as 

insufficient or low for improving pain and function in 
the short-term, intermediate-term, or long-term.103 In 
a systematic review of treatments for bladder pain 
syndrome, six of 13 included studies were rated as low 
quality, because the authors were not able to define a best 
approach to care.104 Treatments included the instillation of 
hyaluronic acid, botulinum toxin A, lidocaine, hyperbaric 
oxygen, massage, and physiotherapy, but there were 
no treatments with more than a single clinical trial, 
precluding a meta-analysis.104

Dietary manipulation is commonly used by patients 
with chronic pain. In a systematic review of seven clinical 
trials for dietary interventions for fibromyalgia, there was 
a suggestion of improvement with hypocaloric, raw 
vegetarian, and low fermentable oligo-di-monosaccharides 
and polyols (FODMAP) diet, but the evidence was 
evaluated as being poor quality.105 Elimination diets might 
improve the symptoms of IBS, with foods in the 
FODMAP category provoking symptoms.106 In a systemic 
review of 12 eligible studies assessing nutritional factors 
for musculoskeletal pain (including fibromyalgia and 
generalised musculoskeletal pain), seven studies reported 
pain-relieving effects from dietary changes, with the pain 
threshold positively associated with protein intake, and 
pain severity associated with fat and sugar intake.107 The 
review concluded that plant-based diets might have some 
effect in relieving musculoskeletal pain.

For temporomandibular disorder, a systematic review 
of eight non-blinded studies (seven of which were of 
a high methodological quality) found that manual 
therapy, depending on the specific techniques used, 
reduced pain and improved maximal mouth opening 
and pressure pain threshold.108

Some patients might benefit from practitioner-
administered integrative treatments such as acupuncture, 
massage, or naturopathic therapies, although there is little 
evidence of effectiveness. An overview of reviews on 
complementary and alternate therapies in the treatment of 
fibromyalgia reported that although there is a growing 
body of evidence for these treatments, conclusions about 
efficacy are limited by methodological study flaws.109 
If interdisciplinary care is unavailable, individual com­
ponents such as group education sessions, telehealth-
administered CBTs, and physical activity programmes 
that are accessible by the community can be recom­
mended. Recognising the co-existence of nociplastic pain 
with other illnesses allows treatments to be focused 
towards nociplastic pain management and prevents care 
being erroneously directed to a well controlled underlying 
condition (eg, unnecessary changes to disease-modifying 
therapy for inflammatory arthritis).

Pharmacotherapy 
The detailed discussion of pharmacotherapy is 
beyond the scope of this review. Traditional analgesic 
treatments such as muscle relaxants, non-steroidal 
anti-inflammatory drugs (NSAIDs), paracetamol, and 

Panel 3: Overarching principles of treatment of nociplastic pain

•	 Non-pharmacological treatments as a preferred first step
•	 Trustful doctor–patient relationship acknowledging the validity of symptoms
•	 Patient education

•	 Communicate neurophysiological mechanisms with the use of simple terminology 
such as a hyper, sensitised, or fired-up nervous system

•	 Explanation of treatment strategies
•	 Realistic expectations

•	 Promotion of self-management and internal locus of control
•	 Continued life participation (eg, work, physical, and social activities)
•	 Maintain good lifetime habits

•	 Health-related physical activity
•	 Diet and weight management
•	 Proper sleep hygiene
•	 Stress reduction

•	 Psychological therapies
•	 Cognitive-behavioural therapies
•	 Acceptance-based therapies
•	 Other modalities (eg, hypnotherapy or psychodynamic therapies)

•	 Psychiatric–psychotherapeutic treatment of mental comorbidities (depression, 
anxiety, or post-traumatic stress disorder)

•	 Interdisciplinary care, if available
•	 Practitioner-administered treatment as indicated

•	 Physical therapies and chiropractic treatment, acupuncture, massage, or 
naturopathic treatments

•	 Pharmacological treatments
•	 Centrally acting drugs (pain modulators)

•	 Tricyclic antidepressant drugs
•	 Serotonin–norepinephrine reuptake inhibitors
•	 Gabapentinoids and other membrane stabilisers

•	 Simple analgesics and non-steroidal anti-inflammatory drugs have small effects
•	 Ideally avoid opioids, which are less effective and carry serious risks

•	 Neuromodulation (including brain stimulation and transcutaneous approaches) and 
other centrally acting drugs (eg, N-methyl-D-aspartate antagonists or cannabis-based 
medicines) may have potential for selected patients but require further research

Extrapolated from the Analgesic, Anesthetic, and Addiction Clinical Trial Translations Innovations Opportunities and Networks 
and American Pain Society Pain Taxonomy Diagnostic Criteria for Fibromyalgia.41
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opioids are less effective for nociplastic pain than for 
nociceptive pain, with the use of opioid analgesics 
strongly discouraged.110 Apart from the known risks 
associated with opioid therapy, patients with nociplastic 
pain might be less responsive to opioids because of 
higher concentrations of endogenous opiates, the 
worsening of hyperalgesia, and interference with sleep 
architecture.111,112 In fact, low dose naltrexone, an opioid 
antagonist that might work in part by increasing the 
density of opioid receptors and the subsequent response 
to endogenous opiates, has shown some benefit for 
fibromyalgia, chronic back pain, and complex regional 
pain.113

Some medications have received regulatory approval 
for nociplastic conditions, especially fibromyalgia, with 
differences across countries (eg, pregabalin, duloxetine, 
milnacipran for fibromyalgia, and duloxetine for musculo­
skeletal pain including low back pain).114 Regulatory 
approval, however, does not necessarily indicate a cli­
nically meaningful effect, as is shown by the widespread 
discrepancies between clinical practice guidelines and 
US Food and Drug Administration indications. The 
recent National Institute for Health and Care Excellence 
guidelines for the management of chronic primary pain 
have given strong support for non-pharmacological 
measures, but contrary to all other guidelines, they 
recommend antidepressants as the only medication 
category for consideration of use, and  caution about 
the continued use of other medication categories that 
might have been prescribed.115 A review of non-opioid 
pharmacological agents for the management of various 
chronic pain conditions (including fibromyalgia, low 
back pain, and chronic headaches) reported mostly 
small improvements (eg, 5–20 points on a 0–100 scale) 
for gabapentinoids, serotonin–norepinephrine reuptake 
inhibitors, (SNRIs) and NSAIDs for pain and function in 
the short term, with intermediate and long-term outcomes 
infrequently assessed.116 Although non-opioid analgesics 
that act on the CNS, such as tricyclic antidepressants, 
SNRIs, and gabapentinoids, can provide some benefit, 
adverse reactions are frequent and might worsen fatigue 
and cognitive impairment.116 Cannabis-based medicines 
hold promise but require formal study before the 
widespread use in patients at high risk for adverse effects. 
Emerging treatments such as neuromodulation have 
theoretical potential, but have few data on effectiveness.

Conclusions 
Nociplastic has entered the medical vernacular in the past 
2 years to describe pain conditions that are neither 
neuropathic nor nociceptive, but commonly experienced 
by people worldwide. The framework of nociplastic 
conditions will evolve in future decades as more 
conditions are recognised as having a component that is 
nociplastic, and discrete pathophysiological pathways and 
biomarkers are identified. These diverse pain syndromes 
have considerable overlap, and present with clinical 

features that are almost entirely subjective, except 
for tenderness. An improved understanding of the 
underlying mechanisms is crucial to developing effective 
treatment strategies. Questions for further research 
include why some conditions are localised to a single 
organ system, whereas others present more diffusely, 
identifying triggers that might lead to preventive 
strategies, and establishing the best treatments in the 
context of precision medicine.
Contributors
M-AF prepared the outline of the article, contributed to the preparation 
of the manuscript, figures, and tables, and approved the final version. 
SPC and DJC contributed to the preparation of the manuscript, figures, 
and tables, and approved the final version. GL and CU contributed to 
the preparation of the manuscript and tables and approved the final 
version. WH contributed to the outline of the article, preparation of the 
manuscript, figures, and tables, and approved the final version.

Declaration of interests
SPC is supported by a grant from the US Department of Defense, 
Uniformed Services University, Department of Physical Medicine & 
Rehabilitation, Musculoskeletal Injury Rehabilitation Research for 
Operational Readiness (HU00011920011), which paid for the figures; and 
has consulted for Avanos, Persica, Scilex and Sorrento, and SPR 
Therapeutics. DJC reports grants from Aptinyx, Daiichi Sankyo, Eli Lilly, 
Intec Pharma, and Pfizer; personal fees from Aptinyx, Nix Patterson, 
Pfizer, Samumed, Theravance, Tonix, Williams & Connolly, and Zynerba; 
has consulted for Aptinyx, Eli Lilly, Pfizer, Samumed, and Tonix, outside 
the submitted work; and has received research funding from Aptinyx. 
WH received reimbursement for travel and accommodation by 
Bioevents (a congress organiser) for co-organising a conference on 
controversies on cannabis-based medicines in both 2018 and 2019. 
All other authors declare no competing interests.

Acknowledgments
The figure was drawn by Joe Kanasz, printed with permission.

References
1	 Kosek E, Cohen M, Baron R, et al. Do we need a third mechanistic 

descriptor for chronic pain states? Pain 2016; 157: 1382–86.
2	 Woolf CJ. Central sensitization: implications for the diagnosis and 

treatment of pain. Pain 2011; 152 (suppl): S2–15.
3	 Woolf CJ, Max MB. Mechanism-based pain diagnosis: issues for 

analgesic drug development. Anesthesiology 2001; 95: 241–49.
4	 WHO. International Classification of Diseases 11th revision: 

the global standard for diagnostic health information. 2019. 
https://icd.who.int/en (accessed May 11, 2020).

5	 Nicholas M, Vlaeyen JWS, Rief W, et al. The IASP classification of 
chronic pain for ICD-11: chronic primary pain. Pain 2019; 
160: 28–37.

6	 Littlejohn G. Neuroinflammation in fibromyalgia and CRPS: 
top-down or bottom-up? Nat Rev Rheumatol 2016; 12: 242.

7	 Freynhagen R, Parada HA, Calderon-Ospina CA, et al. Current 
understanding of the mixed pain concept: a brief narrative review. 
Curr Med Res Opin 2019; 35: 1011–18.

8	 Freynhagen R, Rolke R, Baron R, et al. Pseudoradicular and 
radicular low-back pain—a disease continuum rather than different 
entities? Answers from quantitative sensory testing. Pain 2008; 
135: 65–74.

9	 Fitzcharles MA, Perrot S, Häuser W. Comorbid fibromyalgia: 
a qualitative review of prevalence and importance. Eur J Pain 2018; 
22: 1565–76.

10	 Blikman T, Rienstra W, van Raay JJAM, et al. Neuropathic-like 
symptoms and the association with joint-specific function and 
quality of life in patients with hip and knee osteoarthritis. PLoS One 
2018; 13: e0199165.

11	 Förster M, Mahn F, Gockel U, et al. Axial low back pain: one painful 
area—many perceptions and mechanisms. PLoS One 2013; 
8: e68273.

12	 Woolf CJ. Evidence for a central component of post-injury pain 
hypersensitivity. Nature 1983; 306: 686–88.



Series

2108	 www.thelancet.com   Vol 397   May 29, 2021

13	 Willis WD Jr. Central nervous system mechanisms for pain 
modulation. Appl Neurophysiol 1985; 48: 153–65.

14	 Gebhart GF. Modulatory effects of descending systems on spinal 
dorsal horn neurons. In: Yaksh TL, ed. Spinal afferent processing. 
New York: Plenum Press, 1986: 391–416.

15	 Yaksh TL. CNS mechanisms of pain and analgesia. Cancer Surv 
1988; 7: 5–28.

16	 Gracely RH, Lynch SA, Bennett GJ. Painful neuropathy: altered 
central processing maintained dynamically by peripheral input. 
Pain 1992; 51: 175–94.

17	 Cagnie B, Coppieters I, Denecker S, Six J, Danneels L, Meeus M. 
Central sensitization in fibromyalgia? A systematic review on 
structural and functional brain MRI. Semin Arthritis Rheum 2014; 
44: 68–75.

18	 Jensen R, Rasmussen BK, Pedersen B, Olesen J. Muscle tenderness 
and pressure pain thresholds in headache. A population study. 
Pain 1993; 52: 193–99.

19	 Fillingim RB, Maixner W, Kincaid S, Sigurdsson A, Harris MB. 
Pain sensitivity in patients with temporomandibular disorders: 
relationship to clinical and psychosocial factors. Clin J Pain 1996; 
12: 260–69.

20	 Mertz H, Naliboff B, Munakata J, Niazi N, Mayer EA. Altered rectal 
perception is a biological marker of patients with irritable bowel 
syndrome. Gastroenterology 1995; 109: 40–52.

21	 Clauw DJ, Schmidt M, Radulovic D, Singer A, Katz P, Bresette J. 
The relationship between fibromyalgia and interstitial cystitis. 
J Psychiatr Res 1997; 31: 125–31.

22	 Geisser ME, Strader Donnell C, Petzke F, Gracely RH, Clauw DJ, 
Williams DA. Comorbid somatic symptoms and functional status in 
patients with fibromyalgia and chronic fatigue syndrome: sensory 
amplification as a common mechanism. Psychosomatics 2008; 
49: 235–42.

23	 Kwon M, Altin M, Duenas H, Alev L. The role of descending 
inhibitory pathways on chronic pain modulation and clinical 
implications. Pain Pract 2014; 14: 656–67.

24	 Sluka KA, Clauw DJ. Neurobiology of fibromyalgia and chronic 
widespread pain. Neuroscience 2016; 338: 114–29.

25	 Tracey I, Becerra L, Chang I, et al. Noxious hot and cold stimulation 
produce common patterns of brain activation in humans: 
a functional magnetic resonance imaging study. Neurosci Lett 2000; 
288: 159–62.

26	 Coghill RC, Talbot JD, Evans AC, et al. Distributed processing of 
pain and vibration by the human brain. J Neurosci 1994; 
14: 4095–108.

27	 Gracely RH, Petzke F, Wolf JM, Clauw DJ. Functional magnetic 
resonance imaging evidence of augmented pain processing in 
fibromyalgia. Arthritis Rheum 2002; 46: 1333–43.

28	 Giesecke T, Gracely RH, Grant MA, et al. Evidence of augmented 
central pain processing in idiopathic chronic low back pain. 
Arthritis Rheum 2004; 50: 613–23.

29	 Naliboff BD, Derbyshire SW, Munakata J, et al. Cerebral activation 
in patients with irritable bowel syndrome and control subjects 
during rectosigmoid stimulation. Psychosom Med 2001; 63: 365–75.

30	 Napadow V, LaCount L, Park K, As-Sanie S, Clauw DJ, Harris RE. 
Intrinsic brain connectivity in fibromyalgia is associated with 
chronic pain intensity. Arthritis Rheum 2010; 62: 2545–55.

31	 Seminowicz DA, Davis KD. Pain enhances functional connectivity 
of a brain network evoked by performance of a cognitive task. 
J Neurophysiol 2007; 97: 3651–59.

32	 Apkarian AV, Sosa Y, Sonty S, et al. Chronic back pain is associated 
with decreased prefrontal and thalamic gray matter density. 
J Neurosci 2004; 24: 10410–15.

33	 Smallwood RF, Laird AR, Ramage AE, et al. Structural brain 
anomalies and chronic pain: a quantitative meta-analysis of gray 
matter volume. J Pain 2013; 14: 663–75.

34	 Harris RE, Clauw DJ. Imaging central neurochemical alterations in 
chronic pain with proton magnetic resonance spectroscopy. 
Neurosci Lett 2012; 520: 192–96.

35	 Pomares FB, Roy S, Funck T, et al. Upregulation of cortical GABAA 
receptor concentration in fibromyalgia. Pain 2020; 161: 74–82.

36	 Albrecht DS, Forsberg A, Sandström A, et al. Brain glial activation 
in fibromyalgia – a multi-site positron emission tomography 
investigation. Brain Behav Immun 2019; 75: 72–83.

37	 Harris RE, Clauw DJ, Scott DJ, McLean SA, Gracely RH, 
Zubieta JK. Decreased central mu-opioid receptor availability in 
fibromyalgia. J Neurosci 2007; 27: 10000–06.

38	 Schrepf A, Harper DE, Harte SE, et al. Endogenous opioidergic 
dysregulation of pain in fibromyalgia: a PET and fMRI study. Pain 
2016; 157: 2217–25.

39	 Usui C, Soma T, Hatta K, et al. A study of brain metabolism in 
fibromyalgia by positron emission tomography. 
Prog Neuropsychopharmacol Biol Psychiatry 2017; 75: 120–27.

40	 Wolfe F, Clauw DJ, Fitzcharles MA, et al. 2016 revisions to the 
2010/2011 fibromyalgia diagnostic criteria. Semin Arthritis Rheum 
2016; 46: 319–29.

41	 Arnold LM, Bennett RM, Crofford LJ, et al. AAPT Diagnostic 
Criteria for Fibromyalgia. J Pain 2019; 20: 611–28.

42	 Macfarlane GJ, Kronisch C, Dean LE, et al. EULAR revised 
recommendations for the management of fibromyalgia. 
Ann Rheum Dis 2017; 76: 318–28.

43	 Maher C, Underwood M, Buchbinder R. Non-specific low back 
pain. Lancet 2017; 389: 736–47.

44	 Qaseem A, Wilt TJ, McLean RM, Forciea MA. Noninvasive 
treatments for acute, subacute, and chronic low back pain: a clinical 
practice guideline from the American College of Physicians. 
Ann Intern Med 2017; 166: 514–30.

45	 Ohrbach R, Dworkin SF. AAPT Diagnostic Criteria for Chronic 
Painful Temporomandibular Disorders. J Pain 2019; 20: 1276–92.

46	 National Institutes of Health. Management of 
temporomandibular disorders. National Institutes of Health 
technology assessment conference statement. J Am Dent Assoc 
1996; 127: 1595–606.

47	 Drossman DA, Hasler WL. Rome IV-functional GI disorders: 
disorders of gut-brain interaction. Gastroenterology 2016; 150: 1257–61.

48	 National Institute for Health and Clinical Excellence. Irritable bowel 
syndrome in adults: diagnosis and management. Feb 23, 2008. 
www.nice.org.uk/guidance/cg61/chapter/1-Recommendations 
(accessed March 1, 2021).

49	 Hanno P, Lin A, Nordling J, et al. Bladder Pain Syndrome 
Committee of the International Consultation on Incontinence. 
Neurourol Urodyn 2010; 29: 191–98.

50	 van de Merwe JP, Nordling J, Bouchelouche P, et al. Diagnostic 
criteria, classification, and nomenclature for painful bladder 
syndrome/interstitial cystitis: an ESSIC proposal. Eur Urol 2008; 
53: 60–67.

51	 Fall M, Baranowski AP, Elneil S, et al. EAU guidelines on chronic 
pelvic pain. Eur Urol 2010; 57: 35–48.

52	 Malde S, Palmisani S, Al-Kaisy A, Sahai A. Guideline of guidelines: 
bladder pain syndrome. BJU Int 2018; 122: 729–43.

53	 Krieger JN, Nyberg L Jr, Nickel JC. NIH consensus definition and 
classification of prostatitis. JAMA 1999; 282: 236–37.

54	 Engeler D, Baranowski AP, Berghmans B, et al. Chronic pelvic 
pain. 2018. https://uroweb.org/guideline/chronic-pelvic-pain/ 
(accessed March 8, 2020).

55	 Siedentopf F, Weijenborg P, Engman M, et al. ISPOG European 
consensus statement - chronic pelvic pain in women (short 
version). J Psychosom Obstet Gynaecol 2015; 36: 161–70.

56	 Mills SEE, Mills SEE, Nicolson KP, Smith BH. Chronic pain: 
a review of its epidemiology and associated factors in population-
based studies. Br J Anaesth 2019; 123: e273–83.

57	 Maixner W, Fillingim RB, Williams DA, Smith SB, Slade GD. 
Overlapping chronic pain conditions: implications for diagnosis 
and classification. J Pain 2016; 17 (suppl): T93–107.

58	 Dydyk AM, Givler A. Central pain syndrome. Treasure Island, 
San Francisco, CA: StatPearls Publishing, 2020.

59	 Diatchenko L, Fillingim RB, Smith SB, Maixner W. The phenotypic 
and genetic signatures of common musculoskeletal pain 
conditions. Nat Rev Rheumatol 2013; 9: 340–50.

60	 Tanaka Y, Kanazawa M, Fukudo S, Drossman DA. Biopsychosocial 
model of irritable bowel syndrome. J Neurogastroenterol Motil 2011; 
17: 131–39.

61	 Üçeyler N, Burgmer M, Friedel E, et al. Etiology and 
pathophysiology of fibromyalgia syndrome: updated 
guidelines 2017, overview of systematic review articles and overview 
of studies on small fiber neuropathy in FMS subgroups. Schmerz 
2017; 31: 239–45.



Series

www.thelancet.com   Vol 397   May 29, 2021	 2109

62	 Afari N, Ahumada SM, Wright LJ, et al. Psychological trauma and 
functional somatic syndromes: a systematic review and meta-analysis. 
Psychosom Med 2014; 76: 2–11.

63	 D’Agnelli S, Arendt-Nielsen L, Gerra MC, et al. Fibromyalgia: 
genetics and epigenetics insights may provide the basis for the 
development of diagnostic biomarkers. Mol Pain 2019; 
15: 1744806918819944.

64	 Enck P, Mazurak N. The “biology-first” hypothesis: functional 
disorders may begin and end with biology-A scoping review. 
Neurogastroenterol Motil 2018; 30: e13394.

65	 Holtmann GJ, Ford AC, Talley NJ. Pathophysiology of irritable 
bowel syndrome. Lancet Gastroenterol Hepatol 2016; 1: 133–46.

66	 Wolfe F, Häuser W, Walitt BT, Katz RS, Rasker JJ, Russell AS. 
Fibromyalgia and physical trauma: the concepts we invent. 
J Rheumatol 2014; 41: 1737–45.

67	 Engle AM, Chen Y, Marascalchi B, et al. Lumbosacral radiculopathy: 
inciting events and their association with epidural steroid injection 
outcomes. Pain Med 2019; 20: 2360–70.

68	 Clark P, Paiva ES, Ginovker A, Salomón PA. A patient and 
physician survey of fibromyalgia across Latin America and Europe. 
BMC Musculoskelet Disord 2013; 14: 188.

69	 Kashikar-Zuck S, Cunningham N, Sil S, et al. Long-term outcomes 
of adolescents with juvenile-onset fibromyalgia in early adulthood. 
Pediatrics 2014; 133: e592–600.

70	 Walitt B, Fitzcharles MA, Hassett AL, Katz RS, Häuser W, Wolfe F. 
The longitudinal outcome of fibromyalgia: a study of 1555 patients. 
J Rheumatol 2011; 38: 2238–46.

71	 El-Serag HB, Pilgrim P, Schoenfeld P. Systemic review: natural 
history of irritable bowel syndrome. Aliment Pharmacol Ther 2004; 
19: 861–70.

72	 Poulsen CH, Eplov LF, Hjorthøj C, et al. Irritable bowel symptoms, 
use of healthcare, costs, sickness and disability pension benefits: 
a long-term population-based study. Scand J Public Health 2019; 
47: 867–75.

73	 Kurita K, Westesson PL, Yuasa H, Toyama M, Machida J, Ogi N. 
Natural course of untreated symptomatic temporomandibular 
joint disc displacement without reduction. J Dent Res 1998; 
77: 361–65.

74	 Kapos FP, Look JO, Zhang L, Hodges JS, Schiffman EL. Predictors 
of long-term temporomandibular disorder pain intensity: an 8-year 
cohort study. J Oral Facial Pain Headache 2018; 32: 113–22.

75	 Freynhagen R, Baron R, Gockel U, Tölle TR. painDETECT: a new 
screening questionnaire to identify neuropathic components in 
patients with back pain. Curr Med Res Opin 2006; 22: 1911–20.

76	 Clauw DJ. Fibromyalgia: a clinical review. JAMA 2014; 
311: 1547–55.

77	 Furness PJ, Vogt K, Ashe S, Taylor S, Haywood-Small S, Lawson K. 
What causes fibromyalgia? An online survey of patient perspectives. 
Health Psychol Open 2018; 5: 2055102918802683.

78	 Walitt B, Katz RS, Bergman MJ, Wolfe F. Three-quarters of persons 
in the US population reporting a clinical diagnosis of fibromyalgia 
do not satisfy fibromyalgia criteria: the 2012 National Health 
Interview Survey. PLoS One 2016; 11: e0157235.

79	 Harden RN, Bruehl S, Perez RS, et al. Validation of proposed 
diagnostic criteria (the “Budapest Criteria”) for Complex Regional 
Pain Syndrome. Pain 2010; 150: 268–74.

80	 Treede RD, Rief W, Barke A, et al. Chronic pain as a symptom or a 
disease: the IASP Classification of Chronic Pain for the International 
Classification of Diseases (ICD-11). Pain 2019; 160: 19–27.

81	 Drossman DA. Functional gastrointestinal disorders: history, 
pathophysiology, clinical features and Rome IV. Gastroenterology 
2016; 150: 1262–79.

82	 Brinjikji W, Luetmer PH, Comstock B, et al. Systematic literature 
review of imaging features of spinal degeneration in asymptomatic 
populations. AJNR Am J Neuroradiol 2015; 36: 811–16.

83	 Babińska A, Wawrzynek W, Czech E, Skupiński J, Szczygieł J, 
Łabuz-Roszak B. No association between MRI changes in the 
lumbar spine and intensity of pain, quality of life, depressive and 
anxiety symptoms in patients with low back pain. 
Neurol Neurochir Pol 2019; 53: 74–82.

84	 Boswell MV, Manchikanti L, Kaye AD, et al. A best-evidence 
systematic appraisal of the diagnostic accuracy and utility of facet 
(zygapophysial) joint injections in chronic spinal pain. 
Pain Physician 2015; 18: E497–533.

85	 Clemens JQ, Clauw DJ, Kreder K, et al. Comparison of baseline 
urologic symptoms in men and women in the multidisciplinary 
approach to the study of chronic pelvic pain (Mapp) research cohort. 
J Urol 2014; 193: 1554–58.

86	 Kutch JJ, Labus JS, Harris RE, et al. Resting-state functional 
connectivity predicts longitudinal pain symptom change in urologic 
chronic pelvic pain syndrome: a MAPP network study. Pain 2017; 
158: 1069–82.

87	 Zhao SS, Duffield SJ, Goodson NJ. The prevalence and impact of 
comorbid fibromyalgia in inflammatory arthritis. 
Best Pract Res Clin Rheumatol 2019; 33: 101423.

88	 Clauw DJ, Hassett AL. The role of centralised pain in osteoarthritis. 
Clin Exp Rheumatol 2017; 35 (suppl 107): 79–84.

89	 Wu YL, Chang LY, Lee HC, Fang SC, Tsai PS. Sleep disturbances in 
fibromyalgia: a meta-analysis of case-control studies. 
J Psychosom Res 2017; 96: 89–97.

90	 Skarpsno ES, Mork PJ, Nilsen TIL, Nordstoga AL. Influence of 
sleep problems and co-occurring musculoskeletal pain on 
long-term prognosis of chronic low back pain: the HUNT Study. 
J Epidemiol Community Health 2020; 74: 283–89.

91	 Choy EH. The role of sleep in pain and fibromyalgia. 
Nat Rev Rheumatol 2015; 11: 513–20.

92	 Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes 
Measurement Information System (PROMIS) developed and tested 
its first wave of adult self-reported health outcome item banks: 
2005-2008. J Clin Epidemiol 2010; 63: 1179–94.

93	 Kroenke K, Spitzer RL, Williams JB, Löwe B. An ultra-brief 
screening scale for anxiety and depression: the PHQ-4. 
Psychosomatics 2009; 50: 613–21.

94	 Scerbo T, Colasurdo J, Dunn S, Unger J, Nijs J, Cook C. 
Measurement properties of the Central Sensitization Inventory: 
a systematic review. Pain Pract 2018; 18: 544–54.

95	 Sommer I, Lavigne G, Ettlin DA. Review of self-reported instruments 
that measure sleep dysfunction in patients suffering from 
temporomandibular disorders and/or orofacial pain. Sleep Med 2015; 
16: 27–38.

96	 O’Brien EM, Waxenberg LB, Atchison JW, et al. Intraindividual 
variability in daily sleep and pain ratings among chronic pain 
patients: bidirectional association and the role of negative mood. 
Clin J Pain 2011; 27: 425–33.

97	 Williams DA. Phenotypic features of central sensitization. 
J Appl Biobehav Res 2018; 23: e12135.

98	 Malfliet A, Lluch Girbes E, Pecos-Martin D, Gallego-Izquierdo T, 
Valera-Calero A. The influence of treatment expectations on clinical 
outcomes and cortisol levels in patients with chronic neck pain: 
an experimental study. Pain Pract 2019; 19: 370–81.

99	 Cosio D, Schafer T. Implementing an acceptance and 
commitment therapy group protocol with veterans using VA’s 
stepped care model of pain management. J Behav Med 2015; 
38: 984–97.

100	 Jason LA, Taylor RR, Kennedy CL. Chronic fatigue syndrome, 
fibromyalgia, and multiple chemical sensitivities in a community-
based sample of persons with chronic fatigue syndrome-like 
symptoms. Psychosom Med 2000; 62: 655–63.

101	 Williams ACC, Fisher E, Hearn L, Eccleston C. Psychological 
therapies for the management of chronic pain (excluding 
headache) in adults. Cochrane Database Syst Rev 2020; 
8: CD007407.

102	 Haugmark T, Hagen KB, Smedslund G, Zangi HA. Mindfulness- 
and acceptance-based interventions for patients with fibromyalgia 
- a systematic review and meta-analyses. PLoS One 2019; 
14: e0221897.

103	 Skelly AC, Chou R, Dettori JR, et al. Noninvasive 
nonpharmacological treatment for chronic pain: a systematic review. 
Rockville, MD: Agency for Healthcare Research and Quality, 2018.

104	 Pazin C, de Souza Mitidieri AM, Silva AP, Gurian MB, 
Poli-Neto OB, Rosa-E-Silva JC. Treatment of bladder pain syndrome 
and interstitial cystitis: a systematic review. 
Int Urogynecol J Pelvic Floor Dysfunct 2016; 27: 697–708.

105	 Silva AR, Bernardo A, Costa J, et al. Dietary interventions in 
fibromyalgia: a systematic review. Ann Med 2019; 51 (suppl 1): 2–14.

106	 Singh R, Salem A, Nanavati J, Mullin GE. The role of diet in the 
treatment of irritable bowel syndrome: a systematic review. 
Gastroenterol Clin North Am 2018; 47: 107–37.



Series

2110	 www.thelancet.com   Vol 397   May 29, 2021

107	 Elma Ö, Yilmaz ST, Deliens T, et al. Do nutritional factors interact 
with chronic musculoskeletal pain? A systematic review. J Clin Med 
2020; 9: E702.

108	 Calixtre LB, Moreira RF, Franchini GH, Alburquerque-Sendín F, 
Oliveira AB. Manual therapy for the management of pain 
and limited range of motion in subjects with signs and symptoms 
of temporomandibular disorder: a systematic review of randomised 
controlled trials. J Oral Rehabil 2015; 42: 847–61.

109	 Lauche R, Cramer H, Häuser W, Dobos G, Langhorst J. 
A systematic overview of reviews for complementary and alternative 
therapies in the treatment of the fibromyalgia syndrome. 
Evid Based Complement Alternat Med 2015; 2015: 610615.

110	 Derry S, Wiffen PJ, Häuser W, et al. Oral nonsteroidal 
anti-inflammatory drugs for fibromyalgia in adults. 
Cochrane Database Syst Rev 2017; 3: CD012332.

111	 Toubia T, Khalife T. The endogenous opioid system: role and 
dysfunction caused by opioid therapy. Clin Obstet Gynecol 2019; 
62: 3–10.

112	 Rosen IM, Aurora RN, Kirsch DB, et al. Chronic opioid therapy and 
sleep: an American Academy of Sleep medicine position statement. 
J Clin Sleep Med 2019; 15: 1671–73.

113	 Patten DK, Schultz BG, Berlau DJ. The safety and efficacy of 
low-dose naltrexone in the management of chronic pain and 
inflammation in multiple sclerosis, fibromyalgia, Crohn’s disease, 
and other chronic pain disorders. Pharmacotherapy 2018; 38: 382–89.

114	 Calandre EP, Rico-Villademoros F, Slim F. An update on 
pharmacotherapy for the treatment of fibromyalgia. 
Expert Opin Pharmacother 2015; 16: 1347–68.

115	 National Institute for Health and Clinical Excellence. Chronic pain 
(primary and secondary) in over 16s: assessment of all chronic pain 
and management of chronic primary pain. April 7, 2021. https://
www.nice.org.uk/guidance/ng193 (accessed April 7, 2021).

116	 McDonagh MS, Selph SS, Buckley DI, et al. Nonopioid 
pharmacologic treatments for chronic pain. Rockville, MD: Agency 
for Healthcare Research and Quality, 2020.

© 2021 Elsevier Ltd. All rights reserved.


	Nociplastic pain: towards an understanding of prevalent pain conditions
	Introduction
	Development of a new pain descriptor
	Challenges in treatment and understanding
	Nociplastic pain as part of a continuum

	Neurophysiological underpinning
	Imaging findings

	Prevalence
	Causes
	Natural course
	Nociplastic pain syndrome categories
	Chronic widespread pain and fibromyalgia
	Complex regional pain syndrome
	Chronic primary headaches and orofacial pain
	Chronic visceral pain syndromes
	Chronic primary musculoskeletal pain

	Overlapping nociplastic pain syndromes
	Clinical characteristics of nociplastic pain syndromes
	Non-pain symptoms

	Clinical evaluation
	Questionnaires

	Treatment strategies
	General principles
	Non-pharmacological therapies
	Pharmacotherapy

	Conclusions
	Acknowledgments
	References


