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ABSTRACT

Introduction: Gender equity and gender medi-
cine are opportunities not to be missed, and this
Expert Group Opinion Paper on pain in women
aims to review the treatment of pain conditions
mainly affecting women, as well as the funda-
mental aspects of the different clinical response
to drug treatment between the genders, and
what can be done for gender-specific
rehabilitation.

Methods: Perspective review.
Results: Genotypic and phenotypic differences
in pain between the sexes are conditioned by
anatomical, physiological, neural, hormonal,
psychological, social, and cultural factors, such
as the response to pharmacological treatment to
control pain. The examination of these factors
shows that women are affected by pain diseases
more frequently and severely than men and
that they report pain more frequently and with
a lower pain threshold than men. Some forms of
pain are inherently related to gender
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differences, such as pain related to the geni-
tourinary system. However, other forms of
chronic pain are seen more frequently in
women than men, such as migraine, rheuma-
tological, and musculoskeletal pain, in particu-
lar fibromyalgia.
Discussion: Research is needed into the patho-
physiological basis for gender differences in the
generation of acute pain and maintenance of
chronic pain, including the factors that put
women at higher risk for developing chronic
pain. In addition, different specialties need to
collaborate to develop gender-related diagnostic
and therapeutic guidelines, and healthcare
professionals need to upskill themselves in the
appropriate management of pain using existing
diagnostic tools and therapeutic options.

Keywords: Dysfunctional syndromes; Gender;
Pain; Women

Key Summary Points

Men and women exhibit differences in the
epidemiology and natural history of
certain diseases, including chronic pain-
related pathologies.

These genotypic and phenotypic
differences in pain between the sexes are
multifactorial and can be caused by
anatomical, physiological, neural,
hormonal, psychological, social, and
cultural factors.

Some forms of chronic pain seen more
frequently in women than men include
migraine, rheumatoid arthritis,
fibromyalgia, and bladder pain syndrome.

To date, no pharmacological options for
the management of chronic pain have
been specifically developed for women,
and the treatment of chronic pain is
largely managed using drugs that were
initially developed for other diseases and
have limited effectiveness and
problematic tolerability.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13721599.

INTRODUCTION

Clinical data indicate that men and women
exhibit differences in the epidemiology and
natural history of certain diseases, including
chronic pain-related pathologies [1]. Research
on the relationship between gender and pain
has increased in recent years, covering a broad
range of investigations, including preclinical
studies on sex differences in pain, gender dif-
ferences in pain perception and endogenous
pain modulation in healthy individuals, and
clinical and epidemiological investigations of
gender differences in pain prevalence and
response to pain treatments. Several hypotheses
have been formulated to explain this gender
imbalance, including sex hormones and repro-
ductive and genetic factors. However, in most
cases, the evidence is conflicting, so none of the
current hypotheses have enough evidential
support to impact the clinical management of
pain. Indeed, a number of carefully controlled
experiments on sex differences in human pain
perception have been carried out in the past
decades, with results suggesting that women
may have a lower threshold for pain, thus being
more exposed to perceive pain, or have less
tolerance for intense stimuli [2–4]. However,
researchers failed to identify any anatomical or
physiological factors in the so-called pain
matrix to explain such differences.

Sex differences in pain response have been
extensively reported, and these are related to
several factors, including the type of the stim-
ulus (heat/cold, electrical, pressure, and
ischemic stimulation) and the area (size and
site) of the body where the stimulus is applied
[5–7]. Moreover, factors other than stimulus
characteristics appear to be relevant in gener-
ating differences in pain perception, for exam-
ple, the sex of the experimenter and their
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‘‘attractiveness’’ and the settings in which the
experiment was carried out [8]. Other variables,
such as concomitant pathologies (e.g. diabetes,
overweight), as well as the age of the subject,
may also be relevant in determining differences
in pain perception between sexes [9].

Age, body weight, and comorbid mental
disorders also significantly modify the efficacy
of pain treatment with opioids. A recent meta-
analysis suggests that men and women may
differ in the response to opioids for pain relief,
but the data are inconsistent [10]. In addition to
the aforementioned factors, the results of stud-
ies into opioid response are also influenced by
the type of opioids, route of administration, and
indication for pain management, but the role of
these factors is not usually evaluated [10].
Therefore, it is impossible to draw a clear-cut
conclusion on differences in opioid response
between the sexes. In addition, the etiology of
sexual dimorphism in pain and opioid response
has not been fully elucidated, although there is
‘‘plausible’’ cross-talk between sex hormones
and neuroimmunological signaling involving
toll-like and purinergic receptors [11].

Menstrual phases and reproductive status
have been shown to affect pain ratings inwomen
[12]; therefore, the impact of hormones on pain
perception may help to explain the clear pre-
dominance of women over men in the preva-
lence of many chronic pain syndromes [9]. The
effects of gonadal hormones on pain perception
has been tested in various clinical settings,
including in transgender individuals receiving
cross-sex hormones, as these individuals may
represent a model for studying the relationship
between sex hormones and pain. Interestingly,
during hormone administration, men transi-
tioning to women experienced mainly head-
aches and breast and musculoskeletal pain [13],
resembling the real-world, sex-related epidemi-
ological distribution of chronic pain (see the
contributions onmigraine, rheumatoid arthritis,
and fibromyalgia in this paper). However, this
elegant study in transgender individuals failed to
demonstrate any central or peripheral action of
sex steroids on the pain matrix, and not all sub-
jects developed any form of pain [13], suggesting
that sex steroids alone are not enough to explain
sex differences in pain propensity.

Given all of these interacting variables,
including the psychosocial influences on pain
perception [14], it is not currently possible to
draw clear conclusions on the peripheral or
central nature of sex differences in pain per-
ception. However, studies on specific disorders
in which pain is a prominent component may
provide additional useful clinical information
on the nature of sex differences in pain. Several
attempts have been made to group recurrent
pain according to gender prevalence. The orig-
inal and updated Classification of Chronic Pain
[9] provides information about sex prevalence
for about 85 chronic pain conditions, of which
migraine, myofascial pain (including
fibromyalgia), and rheumatic pain show the
most marked sex differences in prevalence
(Table 1) [9, 15–17].

The aim of this multidisciplinary Expert
Group Opinion Paper on pain in women is to
discuss some pivotal basic science as well as
clinical aspects of the broader problem of pain
control in women, highlighting particular
unmet needs in some of the most representative
gender-related pain conditions, including
migraine, fibromyalgia and myofascial pain,
rheumatic pain, and pelvic pain. We also pro-
vide a brief historical perspective on gender
medicine and its development in Italy, as well
as describing gender-specific approaches to
rehabilitation, as this is arguably one of the
most neglected aspects of gender medicine.

A Historical Perspective on Gender Equity
and Gender Medicine

The American journalist Barbara Seaman started
the women’s health movement in the 1950s
[18], and in the ensuing decades many steps
have been taken towards recognizing and
understanding gender-specific medicine. The
United States was among the first countries to
promote gender-specific medicine through the
National Institutes of Health (NIH) and the
Food and Drug Administration (FDA) in the
1990s [19]. In Europe, projects were launched
and funded by the European community to
implement gender in biomedicine and health
research and to improve the gender-related
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Table 1 Pain conditions showing differential prevalence between men and women [9, 15–17]

Female prevalence Male prevalence No sex prevalence

Head and neck

Migraine with and without aura

Chronic tension-type headache

Chronic paroxysmal hemicrania

Hemicrania continua

Hypnic headache

Primary stabbing headache

Post-dural puncture headache

Cervicogenic headache

Periapical periodontitis and abscess

Atypical odontalgia

Burning mouth syndrome

Carotidynia

Temporal arteritis

Lesions or diseases of the nervous system

Trigeminal neuralgia (tic douloureux)

Carpal tunnel syndrome

Causalgia

Reflex sympathetic dystrophy

Pain in multiple sclerosis

Occipital neuralgia

Vascular & hematologic origin

Chronic venous insufficiency

Acute intermittent porphyria

Raynaud’s disease

Chilblains/Pernio

Livedo reticularis (after age 40 years)

Gastrointestinal tract & visceral organs

Esophagitis

Reflux esophagitis with peptic ulcer

Gallbladder disease

Post-cholecystectomy syndrome

Irritable bowel syndrome

Bladder pain syndrome

Proctalgia fugax

Myofascial and osteoarticular pain

Piriformis syndrome

Peroneal muscular atrophy

Rheumatoid arthritis

Fibromyalgia and chronic widespread pain

Gout (before age 60 years)

Slipping rib syndrome

Twelfth rib syndrome

Temporomandibular disorder pain

Back pain (postmenopausal)

Head and neck

Cluster headache

Post-traumatic headache

SUNCT syndrome (Short-lasting
Unilateral Neuralgiform headache
attacks with Conjunctival injection and Tearing)

Lesions or diseases of the nervous system

Brachial plexus avulsion

Postherpetic neuralgia

Meralgia paresthetica

Lateral femoral cutaneous neuropathy

Pain associated with Pancoast tumor

Raeder paratrigeminal syndrome

Vascular & hematologic origin

Thromboangiitis obliterans

Coronary artery disease (before age 65 years)

Erythromelalgia (over 50 years)

Gastrointestinal tract & visceral organs

Pancreatic disease

Duodenal disease

Abdominal migraine

Myofascial and osteoarticular pains

Hemophilic arthropathy

Ankylosing spondylitis

Gout (after age 60 years)

Osteoarthritis (before age 45 years)

Head and neck

Acute tension-type headache

Toothache due to dentinoenamel defects

Toothache due to pulpits

Cracked tooth syndrome

Stylohyoid process syndrome

Lesions or diseases of the nervous system

Secondary trigeminal neuralgia

Neuralgia of nervus intermedius

Painful ophthalmoplegia

Vagus nerve neuralgia

Thoracic outlet syndrome

Brachial plexus tumors

Postherpetic neuralgia

Maxillary sinusitis

Dry socket

Pain in Parkinson’s disease

Gastrointestinal tract & visceral organs

Esophageal motility disorders

Chronic gastric ulcer

Crohn’s disease

Diverticular disease of the colon

Carcinoma of the colon

Pain of vascular & hematologic origin

Familial Mediterranean fever

Hereditary coproporphyria
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treatment of major chronic diseases, including
chronic pain. The International Society for
Gender Medicine was established in 2012 [20].

In Italy, the orientation towards gender dif-
ferences in diagnosis and treatment began to
spread in the late 1990s, when the Ministries for
Equal Opportunities and Health produced a
report called ‘‘A health fit for women’’ that
highlighted the consistent lack of attention and
inadequate responses to women’s health issues
across a range of conditions [21]. In 2005, a
technical panel was convened under the
patronage of the Minister of Health and
including the Istituto Superiore di Sanità, the
Italian Medicines Agency (AIFA), the Regional
Health Services Agency (AgeNaS), universities,
and the Italian Society of Pharmacology to for-
mulate guidelines for addressing gender gaps in
clinical and pharmacological research. In 2008,
the Istituto Superiore di Sanità and the Italian
Society of Pharmacology hosted a
roundtable meeting called ‘‘Gender medicine,
an opportunity not to be missed’’ as part of the
Third National Seminar on Women’s Health. In
the same year, the National Bioethics Commit-
tee published a report titled ‘‘Pharmacological
experimentation on women’’. Prompted by
these initiatives, the AIFA urged pharmaceutical
companies to process data disaggregated by
gender and to design gender-oriented research,
so that treatments could be tailored based on an
increased awareness of the different responses
to treatment between men and women [22, 23].
AIFA introduced the concept of ‘‘gender equity’’
into evaluation criteria and established the
Working Group on Drugs and Gender to
investigate gender-specific problems in the reg-
ulatory environment for pharmaceuticals [24].

Indeed, clinical data indicate that men and
women exhibit differences in the epidemiology
and natural history of certain diseases, includ-
ing some chronic pain-related pathologies. So
far, several hypotheses have been formulated to
explain this gender difference, including sex
hormones and reproductive and genetic factors.
However, none of these hypotheses have gath-
ered enough convincing evidence to impact
clinical prescribing patterns, as in most cases
the evidence is conflicting. This is particularly
the case for pain treatment.

METHODS

An Expert Group was convened to review the
literature on pain conditions that are overrep-
resented in women. This group was made up of
clinicians and medical researchers with exper-
tise in migraine (C.T.), rheumatoid arthritis
(F.A.), fibromyalgia (L.B.), and bladder pain
syndrome (E.C.), as well as expertise in reha-
bilitation (G.B.). This report also includes a
discussion on pain mechanisms underlying the
sex differences (P.S.) and the unmet needs
related to the topics covered herein (R.C.). The
aim of this group was to examine how pain
differs between the genders, not only the
macroscopic differences, such as hormonal
patterns, but also more promising lines of
research on neuroinflammation, the role of the
immune system, and non-neuronal cells,
microglia, and T cells. Any pharmacological
strategy for chronic pain can usually be
enhanced by rehabilitation to limit or delay the
development of disability. Therefore, the
authors provide a perspective overview on these
relevant clinical issues of pain in women, also
reporting potential strategies to counteract
pain-related disability and improve the quality
of life (QoL) and social participation of women
with chronic disabling pain.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

RESULTS

Gender-Related Pain Mechanisms

There is indisputable evidence that chronic pain
conditions occur with a higher prevalence in
females than males and that pain is reported
more frequently by women [2, 25, 26]. There
may also be differences in pain severity between
the sexes, but this is particularly difficult to
assess in clinical practice, because multiple
variables are involved including potential dif-
ferences in responsiveness to pain treatments
between men and women [25].
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Sex differences in response to experimental
pain have been investigated using various
stimulus modalities (e.g. mechanical, electrical,
thermal, ischemic, and chemical stimuli)
[1, 2, 27]. In recent years, conditioned pain
modulation and dynamic pain modulatory
processes have been investigated with highly
sophisticated experimental pain models [28].
Results are not unequivocal and seem to depend
on the type of pain stimulation; nonetheless,
research consistently indicates that women
show greater sensitivity to pain than men do
across multiple stimulus modalities [25, 29].

Unfortunately, the mechanisms underlying
these differences are yet to be explained, but
they have been studied in animal models. These
models allow a better manipulation of hor-
monal states and have tried to demonstrate the
impact of sex hormones on pain responses. Sex
hormones and their receptors are expressed in
areas associated with nociceptive transmission.
For example, testosterone decreases pain sensi-
tivity, and a low testosterone level has been
found in many chronic pain conditions. In
contrast, the effects of estrogen and proges-
terone on pain are more complicated, with both
pro- and antinociceptive properties [29–34].

Moreover, the role of sex hormones in
modulating immune and inflammatory
responses is increasingly recognized. Estrogen
and testosterone are major regulators of the
immune system. Hormones interact with their
receptors on immune cells and affect their
production, maturation, differentiation, and
functioning, modulate the production of
cytokines, and condition the development of
immune-related diseases [35]. Although a com-
prehensive review of sex differences in immu-
nity goes beyond the scope of this review, the
general hypothesis is that females develop
stronger innate and adaptive immune responses
than males. Females have stronger responses to
antigens, reject allografts more rapidly, have a
reduced incidence of certain tumors, and gen-
erally resist bacterial and viral infections, and
parasitic infestations more successfully than
males. The greater immune responsiveness in
females is also evident in their increased sus-
ceptibility to autoimmune diseases [36].

In recent years, preclinical studies have
shown consistent differences between males
and females concerning the role of neuroin-
flammation in pain onset, maintenance, and
development [36, 37]. Preclinical studies have
demonstrated that chronic pain, in particular
neuropathic pain, involves a pathological
interaction between neurons, inflammatory
immune cells, and glial cells, as well as a wide
cascade of pro- and anti-inflammatory cytoki-
nes [38, 39]. Neuronal injury not only results in
profound modifications to the activity of sen-
sory neurons and their central projection path-
ways, but is also coupled with a sustained
immune-inflammatory response at sites of
chronic pain processing (i.e. nerves, dorsal root
ganglion, spinal cord, and brain) [39]. Resident
cells are activated and immune cells are recrui-
ted at the site of the injured nerve, in the dorsal
root ganglion and in the spinal cord [39].
Communication among immune cells and
immune-like glial cells at the sites of pain
transmission occurs via immune cell-derived
inflammatory cytokines and chemokines,
which are crucial mediators of the development
and maintenance of persistent pain [40]. The
development and maintenance of chronic pain
is commonly caused by activation of spinal cord
glia. Microglia and astrocytes have a well-doc-
umented role in pain facilitation, modulating
neuronal synaptic function and excitability
through various mechanisms [41, 42]. The
immune mediators released by these cells dif-
fuse and bind to receptors on presynaptic and
postsynaptic terminals in the spinal dorsal
horn, where they modulate excitatory and
inhibitory synaptic transmission, resulting in
nociceptive hypersensitivity. In parallel with
immune activation within the nervous system,
the peripheral immune system has also been
consistently shown to have a pivotal role in the
induction and maintenance of neuropathic
pain [36, 37].

Microglia and infiltrating immune cells,
including T lymphocytes, are the main ele-
ments involved in neuroinflammation.
According to a number of recent studies, the
initiation and maintenance of neuroinflamma-
tion differs between sexes. For example, chronic
pain behavior of male and female mice is
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mediated by different immune cells in the
spinal cord. Several researchers induced allody-
nia in mice of both sexes and found that inhi-
bitors that block microglia or toll-like receptor 4
activation reversed allodynia only in male ani-
mals [43, 44]. These data indicate that microglia
are largely involved in the pathogenesis of
chronic pain in males, while T cells drive neu-
roinflammation in females [36, 37, 45, 46].

Differences between males and females in
the role of non-neuronal cells in pain appear to
be qualitative rather than quantitative. It has
been suggested that testosterone levels deter-
mine the type of cells that become activated
during the development of neuropathic pain; in
the presence of low testosterone, adaptive
immunity, particularly T lymphocytes, is more
involved in pain, which is what happens in
female mice [37]. Interestingly, the role of
microglia in pain becomes evident in female
mice that have been genetically modified to
knock out the T-cell response. Therefore, in
females, the pain response to nerve injury is
normally sustained by T cells, but when these
cells are not present, the inflammatory respon-
ses are mediated by microglia [37]. Although
these experimental observations have not yet
been translated to humans, they suggest that
sex differences in pain may be mediated by sex
differences in the immune system rather than
the nervous system, which may open up a new
pathway for research into pain mechanisms and
treatments.

Another topic of research is whether the
response to pain therapy is gender-related
[47, 48]. Gender differences in drug response
can be ascribed to either pharmacokinetic or
pharmacodynamic characteristics. Males and
females have different body composition and
metabolism. Although all aspects of pharma-
cokinetics may differ slightly between males
and females, sex differences in drug metabolism
are considered to have the greatest role in
pharmacokinetic variability. The expression of
cytochrome P450 enzymes involved in hepatic
phase I metabolism varies by sex in both
humans and animals, therefore affecting final
drug concentrations. Renal drug excretion is
also affected by sex, specifically the clearance of
drugs that are actively secreted, since the

activity of transporters in the kidney is modu-
lated by sex hormone differences. Considering
the many hormonal variations that occur in
females during their life, it is important to
identify pharmacokinetic variations due to
hormonal fluctuation, but the few studies that
have been conducted have yielded conflicting
results (extensively reviewed by Gandhi and
colleagues [49]).

Several studies have addressed the question
of sex differences in the response to opioid
drugs [50]. Animal studies have suggested the
presence of sexual dimorphism in mu-opioid
receptors (MOR), with males showing greater
MOR expression and better opioid binding in
the rostrocaudal axis of the periaqueductal gray
[50]. The MOR second messenger-signaling
cascade also differs between the sexes [50, 51].
Acute and persistent pain assays in preclinical
studies have shown that morphine is a more
effective analgesic in males than females [47].

Clinical evidence is less consistent, since
some studies have reported no sex differences in
the dose of opioids required for pain relief, and
others have found that women require either
lower or higher doses of opioids [10]. These
contradictory results may have been influenced
by the type, dose, and route of administration
of the drugs (e.g. fixed doses or patient-con-
trolled analgesia) as well as differences in the
perception of pain at baseline, age-related hor-
monal status, and comorbid psychiatric disor-
ders [10]. Irrespective of any differences in the
analgesic effect of morphine, it is generally
agreed that women are more likely to develop
adverse effects, including nausea, dysphoria,
headache, and vomiting [52, 53].

Migraine

Migraine is a common neurological disease that
shows a higher prevalence in women than in
men. The 1-year prevalence of migraine in
Europe is 22%, but is 27.7% in women and
14.8% in men [54]. Migraine is characterized by
recurrent attacks of headache associated with
nausea, vomiting, and sensitivity to light and
noise, and worsened by routine physical activ-
ity. It can occur in a chronic (C 15 days/month)
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form, which is resistant to conventional treat-
ment and causes marked disability. One-third of
individuals with migraine have C 5 migraine
days/month [55]. According to the Global Bur-
den of Disease Study 2016, migraine is the most
disabling neurological disorder and the sixth
most disabling condition in the world [56, 57].

Diagnosis
The diagnosis of migraine is made according to
the International Classification of Headache
Disorders criteria (Table 2) [58]. Research sug-
gests that attacks are more frequent, last longer,
and are more severe in women than men [59].
In addition, the associated symptoms, such as
nausea, vomiting, and light and noise sensitiv-
ity, are generally more prevalent and more
severe in women than men [59].

A minority of migraineurs experience aura, a
reversible neurological symptom—visual, sen-
sory, speech/language, motor, brainstem, or
retinal type—which usually precedes that
painful phase and lasts from a few minutes to
60 min. During the aura, patients may experi-
ence only one of these neurological symptoms,
while others report a range of symptoms that
arise sequentially. Headache usually follows the
aura within 60 min.

Reasons behind the Higher Prevalence
of Migraine in Women
Several explanations have been proposed for the
higher prevalence of migraine in women. There
is evidence that women have different pain
tolerance or thresholds than men and may seek
medical advice more readily than men do, at
least for pain in general, but no convincing data
exist that suggest this is the case with migraine.
Similarly, animal data do not convincingly
show sex differences in pain tolerance or
threshold, so it is unlikely that the higher
female prevalence of migraine can be explained
by sensitivity alone [27, 60]. Another theory is
that the high migraine prevalence in women is
explained by sex differences in responsiveness,
tolerance, pharmacokinetics, and/or pharma-
codynamics for many analgesics. However, this
is unlikely since such differences are most
marked with opioids [60], a class of drugs that is

poorly effective for relieving migraine pain. A
third, and probably more likely, explanation is
that hormones are involved in the pathophysi-
ology of migraine. In many orofacial pain con-
ditions, fluctuations in levels of estrogen,
progesterone, and androgens are associated
with changes in the pain experience [60, 61].
The premenstrual changes in sex hormones are
associated with an increased risk of developing
attacks in female migraineurs [1, 51]. Moreover,
pregnancy, when plasma levels of female hor-
mones are high and stable, is generally associ-
ated with an improvement of migraine
frequency, while menopause is a transitional
phase, when migraine can either improve or
worsen [1, 51].

Treatment
Migraine treatment can be both symptomatic
and preventive. The primary goal of symp-
tomatic treatment is to reduce the pain and
restore function/QoL in the shortest possible
time. The goal of preventive medications is to
reduce the frequency, intensity, and duration of
attacks and to prevent their progression from
episodic to chronic, which occurs at a rate of
approximately 3% per year [62].

Treatment strategies for migraine should
include patient education, lifestyle changes,
management of triggers, and acute/preventive
pharmacology. Generally, preventive treatment
is indicated for patients experiencing[4
migraine days/month and having an unsatis-
factory response to acute treatment.

The mainstays for the acute treatment of
migraine are nonsteroidal anti-inflammatory
drugs (NSAIDs) and triptans. These drugs can be
used alone or in combination with antiemetics.
Ergotamine derivatives are used less frequently
because of their potential toxicity. The formu-
lations and routes of administration need to be
carefully selected based on the attack charac-
teristics and the patient’s preferences. Timing of
administration is also important, with intake
early during the course of the migraine having
the highest chance of rapid and complete pain
relief. Very recently, the FDA approved the new
gepants for the acute treatment of migraine.
These are small molecules that antagonize the
calcitonin gene-related peptide (CGRP) receptor
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and have been developed specifically for
migraine.

Agents available for preventive therapy
include beta-blockers, anti-serotonergic drugs,
antidepressants, calcium antagonists, and
antiepileptic drugs (Table 3). No single treat-
ment is effective for every patient; therefore,
therapy needs to be individualized, often
incrementally over time. In chronic migraine,
onabotulinum toxin type A can be used with a
specific 31/39 injection protocol [63].

Recently, three monoclonal antibodies tar-
geting CGRP (erenumab, galcanezumab, and
fremanezumab) were approved by the FDA and
the European Medicines Agency (EMA) for the
prevention of migraine in patients who
have[4 migraine days/month. These drugs are
injected subcutaneously monthly with the
exception of fremanezumab, which can also be
injected quarterly.

A recent review of randomized controlled
trials (RCTs) on the effect of nutritional sup-
plements in migraine patients suggested a role
for supplementation with magnesium, ribo-
flavin, niacin, coenzyme Q10, vitamin D,

vitamin B12, and alpha-lipoic acid. Being gen-
erally well tolerated, these compounds can be
tried alone or in combination with routine
treatments [64].

Future Perspectives
Given the marked gender differences reported
in migraine, it is vital to investigate gender
differences in the efficacy and safety of drugs for
acute and preventive treatment. Future research
also needs to identify factors that protect
against worsening of the disease, particularly for
women who are at higher risk of developing
chronic migraine. Biomarkers of drug response
would be very useful, saving time and money
within the health system and ensuring higher
efficacy and improved tolerability for patients.
Migraine begins in childhood and adolescence,
and there is a lack of therapeutic options for
patients in this age range. The International
Headache Society recently published guidelines
for clinical trials in children and adolescents
[65]. Hopefully, this will stimulate further

Table 2 Diagnostic criteria for migraine according to the International Classification of Headache Disorders [58]

Diagnostic criteria

A. At least five attacks fulfilling criteria B–D

B. Headache attacks lasting 4–72 h (not treated)

C. Headache has at least two out of the four characteristics below:

Unilateral location

Pulsating quality

Moderate or severe pain intensity

Aggravation by or causing avoidance of routine physical activity

D. During headache at least one of the following:

Nausea and/or vomiting

Photophobia and phonophobia

E. Not better accounted for by another diagnosis

�International Headache Society 2013–2018
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research, also focusing on gender-related and
hormonal-related differences.

Rheumatoid Arthritis

Rheumatoid arthritis (RA) is an autoimmune
inflammatory joint disease that may also affect
the pulmonary, nervous, and cardiovascular
systems [66]. The systemic manifestations of RA
(e.g. fatigue, pain, and both constitutional and
mental health problems) affect the patients’
QoL [67]. The pain experienced by RA patients
is due to active disease, as well as mechanical
and neuropathic conditions, fibromyalgia,
treatment side effects, and psychosocial condi-
tions such as anxiety, depression, sleep distur-
bances, sexual dysfunction, and disability
[67–69].

Etiology
The causes of RA-related pain may differ during
and between inflammatory flares [68]. Synovial
inflammation stimulates bradykinin, pros-
taglandins, and pro-inflammatory cytokines,
such as tumor necrosis factor alpha (TNF-a),
interleukin-1 (IL-1), IL-6, and transforming
growth factor beta (TGF-b), which significantly
contribute to pain generation and maintenance
by sensitizing peripheral nerves [68]. Synovitis
is associated with activated spinal cord astro-
cytes and microglia, as well as alterations in
spinal cord substance P, c-aminobutyric acid
(GABA), and CGRP neurotransmitters and their
receptors [68, 69], thus leading to the produc-
tion of IL-1, IL-6, and TNF-a, and facilitating the
transmission of pain, which may also be exac-
erbated by greater ascending activation and less
descending inhibition [68, 70, 71]. Moreover,
sex differences in innate and adaptive immune
systems have been shown in rodent models,
with male mice utilizing microglia in the spinal
cord to mediate pain and females preferentially
using T cells. These differences have been
hypothesized as one of the mechanisms causing
the differential chronic pain experience
between the sexes [46].

Furthermore, central sensitization affects the
nerves in inflamed joints and reduces pain
thresholds in surrounding tissues [72, 73]. Pain
may also arise as a result of radiographically
detectable, structural changes in bone; the
destruction of cartilage can cause mechanical
pain due to secondary osteoarthritis (OA) even
if the patient’s RA is in remission or showing
low disease activity [68].

Diagnosis
The 28-joint Disease Activity Score (DAS28) is
used to assess joint inflammation in RCTs.
However, many concurrent factors may affect
the relationship between DAS28 and inflam-
matory disease activity.

Inflammation and concomitant painful
conditions affecting the joints, such as OA,
increase visual analogue scale (VAS) scores and
tender joint counts (TJCs); the interpretation of

Table 3 Preventive drugs for migraine with strong evi-
dence of efficacy

Drug class/drug name

Beta-blockers

Propranolol

Metoprolol

Atenolol

Anti-epileptics

Valproic acid

Topiramate

Antidepressants

Amitriptyline

Venlafaxine

Calcium antagonists

Flunarizine

CGRP-targeting monoclonal antibodies

Erenumab

Fremanezumab

Galcanezumab

Onabotulinum toxin A (for chronic migraine)

CGRP calcitonin gene-related peptide
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Table 4 Potential exams and tests for typical symptoms of fibromyalgia

Symptom Blood tests Instrumental tools/clinimetrics for
diagnosis

Intensity and type of pain ESR NRS

CRP Semiotics of pain

CPK

LDH

Stiffness GAD antibodies Zone mapping

Trigger point identification

Spasmophilia test

Hyperreflexia Electrolytes Spasmophilia test

Vitamin D

Small-fiber neuropathy Skin biopsy DN4 Questionnaire

Confocal optical

microscopy

Metabolic alterations Lactate-ammonia test Lactate-ammonia test on

cycloergometer

Trigger Arthrosis X-ray

Other conditions MRI scan

Ultrasound imaging

Muscular fatigue CPK Surface EMG

LDH EMG

TSH

Statin intake

Vitamin B12

Folate

Selenium

Magnesium

Gastrointestinal alterations and intolerances (gluten,

wheat, lactose)

Fecal calprotectin Bioimpedance

Specific tests Nutritional assessment

CPK creatine phosphokinase, CRP C-reactive protein, DN4 Douleur Neuropathique 4, EMG electromyography, ESR
erythrocyte sedimentation rate, GAD glutamic acid decarboxylase, LDH lactate dehydrogenase, MRI Magnetic Resonance
Imaging, NRS Numerical Rating Scale, TSH thyroid-stimulating hormone

Pain Ther (2021) 10:287–314 297



the DAS28 is also affected by variations in pain
processing which coincide with joint inflam-
mation [74]. One Italian cross-sectional study of
292 RA patients with a mean disease duration of
11.6 ± 8.5 years (80.5% female, mean age
63 years) found that the patients with con-
comitant fibromyalgia had higher TJCs and
DAS28 scores than those with RA alone even
though disease activity (assessed on the basis of
erythrocyte sedimentation rate [ESR] and swol-
len joint count [SJC]) were similar between the
two groups [75]. In another cross-sectional
study on 102 women with early RA, Bilberg and
colleagues found that one-third of them also
satisfied the criteria for widespread pain, and
this subgroup reported fatigue, anxiety and
depression, a larger number of tender joints,
more intense pain, worse global health, and
greater limitations in everyday activities,
despite a level of inflammation similar to that in
the group without widespread pain [76]. Fur-
thermore, the study by Bilberg and other studies
have shown correlations between RA and neu-
ropathic pain, sleep, and emotional health,
suggesting the presence of generators of non-
inflammatory pain [76–79]. RA seems to
increase the prevalence of sleep and bipolar
disorders, depression, and anxiety, particularly
among women [80]. The association between
RA and depression seems to be bidirectional: RA
increases the risk of depression, and depression
can increase sensitivity to the pain associated
with RA [69, 81].

Many RA patients experience disabilities or
difficulties in carrying out their everyday activ-
ities that adversely affect their financial situa-
tion. This is particularly true in postmenopausal
women, and the fact that the difference does
not seem to be due to radiographically
detectable joint destruction suggests that it is
more related to changes associated with meno-
pause [82]. Worsening Health Assessment
Questionnaire (HAQ) scores reflect a poorer QoL
and functional deficits, and disability can
aggravate depression and sleep disorders,
increase social isolation, and worsen the per-
ception of pain in patients with RA [69, 77].

Treatment
In most patients, RA can be controlled with
glucocorticosteroids and traditional disease-
modifying antirheumatic drugs (DMARDs) such
as methotrexate; biological drugs should only
be considered in patients with very advanced or
severe disease [68, 83]. Because of the often slow
onset of action of DMARDs, and the fact that
inflammation is one of the causes of RA pain,
patients often use NSAIDs, although these
agents are not indicated for long-term disease
control [68, 83]. Although the use of simple
analgesics such as paracetamol is not strongly
supported by evidence from RCTs, the
17-country evidence, expertise and exchange
(the 3e Initiative) collaborative project recom-
mends using paracetamol and NSAIDs to con-
trol persistent pain [84]. Tricyclic
antidepressants (TCAs), such as imipramine,
dothiepin, and amitriptyline, are inhibitors of
serotonin and norepinephrine reuptake and
neuronal sodium channels [85], but have non-
serotonergic properties that lead to differences
in their antinociceptive effects [68]. The results
of clinical trials of TCAs involving RA patients
are variable; a Cochrane systematic review of
eight placebo- or active intervention-controlled
trials of antidepressants found that there was
insufficient evidence to recommend their use in
the treatment of RA-related pain [85]. Despite
the variable evidence, the 3e recommendations
include TCAs as possible adjunctive drugs in the
subpopulation of RA patients with inflamma-
tory arthritis [84]. It is worth noting that
although appropriate analgesic treatment can
reduce TJCs and improve patient-reported gen-
eral health, these treatments do not suppress
the underlying disease [68].

The acceptance of chronic pain and the
development of coping skills and self-efficacy
contribute to the QoL of RA patients, and psy-
chological interventions such as cognitive
behavioral therapy (CBT) may be effective [86].
In RA patients with moderately active disease
and limited joint erosions, aerobic exercises and
dynamic strength training may also be advan-
tageous. Exercise does not increase pain or dis-
ease activity in RA patients with moderate/low
disease activity or in remission; resistance
exercise is safe and can significantly and
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clinically improve most RA-related pain and
disability outcomes [87]. Finally, patients with
severe and unremitting pain in a single joint
may benefit from joint replacement surgery.

Fibromyalgia

Fibromyalgia is a chronic condition character-
ized by widespread pain. Patients with
fibromyalgia also commonly experience sleep
disturbances, cognitive disorders, depression,
tingling sensation in the limbs, gastrointestinal
symptoms, and morning stiffness [88, 89].
These patients may also have chronic fatigue
syndrome (CFS), mood disorders, tension-type
headaches, migraine, and irritable bowel syn-
drome [88].

In fibromyalgia patients, pain is not the
result of nociception, nor is it caused by an
obvious injury or impairment in the
somatosensory nervous system. Therefore, the
International Association for the Study of Pain
(IASP) has defined a new concept for this kind of
pain: nociplastic pain, which ‘‘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 sys-
tem causing the pain’’ [90].

The prevalence of fibromyalgia in the gen-
eral population ranges from 0.2 to 6.6%, being
between 2.4 and 6.8% among women and
between 0.6 and 15% in special populations,
such as the elderly, people accessing primary
care services, and people of low socioeconomic
status; in urban areas, the prevalence is esti-
mated to be between 0.7 and 11.4% [88, 89].
The prevalence of fibromyalgia is eight- to
ninefold higher in women than in men [91].
The negative social and economic impact of
fibromyalgia has been well documented [88].

Pain, particularly if prolonged, is often asso-
ciated with ‘‘fibro fog’’, whose symptoms
include memory disorders and difficulty con-
centrating. Patients presenting with fatigue
experience work difficulties; their unintentional
fatigue can be long-lasting and a source of
frustration.

When assessing a fibromyalgia patient, we
observe symptoms associated with neuropathic
pain, such as allodynia, hyperalgesia, and small-
fiber neuropathy, in approximately 40 to 50%
of cases [92]. These patients often have comor-
bid pain conditions, including chronic lum-
bago, painful interstitial cystitis, and
temporomandibular disorders [93]. The emo-
tional response to pain in these patients may
include alexithymia, anxiety, and a tendency to
catastrophize.

Diagnosis
Patients with fibromyalgia usually have normal
blood test results, including inflammatory
markers. Because of their symptomatology of
widespread pain, sleep disorders, and fatigue, a
rheumatological evaluation is required to
exclude inflammatory pathologies, such as
polymyalgia rheumatica, polymyositis, neuro-
logical diseases, myasthenia, Parkinson’s dis-
ease, diabetes, osteomalacia, and
neuroendocrine and connective tissue
disorders.

Table 4 provides a list of the most common
and useful examinations related to specific
symptoms reported in fibromyalgia patients. It
is crucial to determine whether pain is the main
symptom, whether it is related only to muscles,
or whether there is also articular involvement. A
comprehensive pain assessment and character-
ization includes electromyography (EMG) and
nerve conduction studies for small-fiber neu-
ropathy [94], the Douleur Neuropathique 4
(DN4) Questionnaire, and the evaluation of
pain extent and severity using the VAS. In
fibromyalgia, the basal examinations and the
standard EMG are generally negative. Addi-
tionally, it is important to measure the intensity
and diffusion of pain, and evaluate concurrent
symptoms, such as stiffness, rigidity, and
hyperreflexia. Lactic acid accumulation, as well
as any metabolic impairment secondary to bad
muscular use, including the evaluation of spas-
mophilia, should be considered [95, 96]. The
identification of localized OA as a trigger, poor
posture and work-related factors should be
investigated as well as muscle metabolism
through the ischemic lactate-ammonia test and
the evaluation of muscle damage by measuring
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enzymes such as lactate dehydrogenase (LDH),
creatine phosphokinase (CPK) along with thy-
roid hormones (TSH), ferritin, vitamin D (25-
OH) [97] and blood count. A more detailed
diagnostic evaluation can be performed using
surface EMG, which can estimate a reliable
value of the red–white fiber ratio. These spe-
cialized investigations allow the development
of an adapted physical activity program, with
the aim of re-educating the musculature.
Finally, preliminary studies have suggested
assessing the presence in saliva of potential
diagnostic biomarkers, which can be helpful to
differentiate patients with fibromyalgia from
patients with inflammatory pain related to RA
or with localized pain caused by headache. This
field of research opens up new diagnostic chal-
lenges [98].

Differences in Pain between Men and Women
The male patient with fibromyalgia typically
presents fewer tender loci of pain, but these are
nevertheless associated with significant anxiety
and marked fatigue. In a study conducted on
2,435 German patients with RA, where the
authors adopted the 2016 criteria for
fibromyalgia, women accounted for 58.7% of all
fibromyalgia cases. Women experienced more
symptoms than men did, with a mean of 4.7
symptoms in women versus 3.7 in men, gener-
alized pain present in 36.8% of women versus
32.4% of men, and a mean polysymptomatic
distress score of 10.2 versus 8.2, respectively
[99]. The study also highlighted a linear relation
between being female and the presence and
severity of fibromyalgia [99].

Why does fibromyalgia affect women more
than men? Testosterone deficiency is linked to a
high risk of inflammation of the nociceptive
nervous system and subsequent chronic pain,
which can be treated using a transdermal
testosterone gel. Indeed, testosterone therapy
has been suggested to reduce pain severity
[100]. Nitric oxide (NO) has a suppressive effect
on oxidative phosphorylation, leading to an
excess of glycolysis by-products during muscu-
lar exercise. The higher sensitivity of women

with fibromyalgia to this mechanism may sug-
gest how foods triggering the formation of NO
synthase, along with NO content, may increase
fibromyalgia-related pain [88].

As previously reported, gastrointestinal dis-
orders are a common feature of fibromyalgia; in
particular, a higher prevalence of gastrointesti-
nal concerns in women with fibromyalgia has
been recognized [101]. While appropriate
nutrient intake may be effective in reducing
these uncomfortable symptoms in fibromyalgia
patients [88], these relevant differences confirm
the need for a more gender-tailored therapeutic
approach [102].

Treatment
The European League Against Rheumatism
(EULAR) guidelines recommend lifestyle chan-
ges and physical therapy [103]. However, when
patients undergo these interventions, they
experience fatigue, which may affect treatment
outcomes. Additionally, patients who experi-
ence fatigue from the start of treatment tend to
give up on these interventions, which means
that the treatment of pain and fatigue becomes
preponderant. Fatigue in fibromyalgia is caused
more by central mechanisms than by exhaus-
tion of muscle contraction mechanisms (pe-
ripheral fatigue), suggesting that a tailored
approach to fatigue management is required
[104].

A patient with fibromyalgia-related pain is
difficult to treat, frequently experiencing
adverse events, poor adherence, fatigue, and
sleep disorders. Therefore, it is important to
address the non-restorative sleep patterns of
patients with fibromyalgia. A recent systematic
review including 16 quantitative studies evi-
denced the bidirectional association between
pain and sleep in fibromyalgia patients: the
study results showed that fibromyalgia patients
with increased pain experienced less and poorer
sleep in the form of lower sleep quality, effi-
ciency and duration, more disturbed sleep,
problematic sleep onset latency and total wake
time, as well as symptoms of depression [105].
These issues may be overcome with
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management strategies aimed at increasing
sleep quality while decreasing pain [105], such
as the use of cyclobenzaprine with
amitriptyline.

A full characterization of fibromyalgia-re-
lated pain can be useful and easily attainable, in
order to develop a therapeutic strategy. This
means characterizing the patient as well as his/
her experience before, during, and after the
therapy. Teaching disease self-management
with tailored programs, improving resilience
and reducing catastrophizing, and working with
the patients’ families to identify the underlying
causes of the problem are suitable strategies.
Fibromyalgia-related pain does not respond to
strong opioids, whereas paracetamol and tra-
madol, which seem to be very effective, come in
a range of formulations (sublingual, oral, and
extended-release tablet formulations) and are
easy to titrate [106]. The neuropathic compo-
nent and mood disorders can be treated with
duloxetine, pregabalin, or venlafaxine. Medical
cannabis (sublingual drops and topical decoc-
tions), particularly when administered in the
evening, may improve stiffness, sleep disorders,
pain, and refractory headache. However, reports
from countries where medical cannabis has
been used therapeutically for a long time sug-
gest that this treatment is not sufficiently effi-
cacious, except for chronic pain [107–110].

Recently, nutritional factors have been
implicated in the development of fibromyalgia.
A deficiency in amino acids and vitamins, cou-
pled with the harmful effects of heavy metals
(i.e. mercury, cadmium, and lead) may be the
underlying cause of muscle pain [88]. A deficit
in specific essential nutrients may disrupt pain
inhibitory mechanisms while causing fatigue
and various fibromyalgia symptoms. Further-
more, the presence of mercury and other toxic
elements may affect the bioavailability of
essential nutrients [88]. Fibromyalgia patients
should correct any suboptimal intake of essen-
tial nutrients with an adequate dietary protocol.
The achievement of optimal nutrition levels is
likely to reduce pain [88].

Future Perspectives
Some questions in fibromyalgia remain unan-
swered: Because it affects the female sex more,
has fibromyalgia always been present or are we
witnessing a greater frequency? How can we
prevent it? Which is the most suitable physical
activity? What is the appropriate timing for
effective treatment? Must treatment be ongo-
ing? How should an underlying therapy be
administered and when? What is the relation-
ship between nutrition and fibromyalgia?

Bladder Pain Syndrome

The European Association of Urology (EAU)
defines chronic pelvic pain (CPP) as a ‘‘chronic
or persistent pain perceived in the pelvic area of
either men or women for at least 6 months’’
[111]. CPP is ‘‘often associated with negative
behavioral, cognitive, sexual and emotional
consequences as well as with symptoms sug-
gestive of lower urinary tract, sexual, bowel,
pelvic floor or gynecological dysfunction’’ [111].
Furthermore, it can be associated with infec-
tions, cancer, or other apparent conditions
related to pain.

Chronic pelvic pain syndrome (CPPS) is a
subclass of CPP not associated with confirmed
infections or other local pathologies potentially
responsible for pain [111]. In CPPS, pain may
arise and be perceived from one or more pelvic
organs and can be linked to some systemic
conditions, such as chronic fatigue syndrome
(CFS), fibromyalgia, or Sjögren’s syndrome
[111].

One of the most characteristic CPPS in
women is bladder pain syndrome (BPS), a
‘‘chronic (lasting[ 6 months) pelvic pain,
pressure, or discomfort in the urinary bladder
and accompanied by at least one other urinary
symptom such as a persistent urge to void or
increased frequency of urination’’ [112].

Epidemiology
It is difficult to determine the prevalence and
incidence of BPS from published studies. The
lack of confirmed pathophysiological
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explanations, validated diagnostic markers, or
standardized diagnostic criteria, together with
the overlap between BPS and other diseases of
known etiology, sometimes delays and compli-
cates the diagnosis. Therefore, published epi-
demiological data are difficult to interpret, and
have led to considerable variability in reported
prevalence and incidence rates. In the pub-
lished studies, prevalence ranges from 1.8 per
10,000 inhabitants up to 45–51 per 10,000
inhabitants [113], with a female predominance
(5:1 to 10:1) [114, 115]. No differences in
prevalence based on race, ethnicity, or age
[114, 116, 117] have been reported [116, 118].

Etiology
The etiology of BPS is still an enigma. Different
theories have been proposed to explain the
pathophysiology of the pain, but it is generally
agreed that the cause is multifactorial.

BPS patients with ulcerative disease have a
significantly increased number of mast cells
[119]. Mast cells are immune cells containing
inflammatory mediators such as histamine,
leukotrienes, serotonins, and cytokines
[120, 121]. The release of mast-cell-derived fac-
tors causes edema, fibrosis, and the formation of
new vessels in the lamina propria, that could be
correlated to the principal symptoms of BPS as
pain and frequency [120, 122].

The urothelium is a high-resistance barrier
between the lumen and the underlying layers
(vasculature, connective, nervous, and muscu-
lar tissues). The dense layer of glycosaminogly-
cans (GAG) on the luminal surface of the
urothelium and the tight intercellular junctions
block the passage of ions, solutes, water, and
pathogens [123]. Parsons and colleagues
showed that a defect in the GAG layer in the
urothelial barrier results in symptoms of
urgency, frequency, and pain during bladder
filling and voiding [120, 124].

In BPS, urothelial cell proliferation is inhib-
ited by the downregulation of genes stimulating
cell proliferation and by the upregulation of
genes inhibiting cell growth (e.g. antiprolifera-
tive factor) [125]. This proliferative block affects
the repair of injured or denuded urothelium

and impairs the physiological barrier function
of the urothelium [123, 126, 127].

BPS presents many typical features of an
autoimmune pathology, including chronicity,
exacerbations and remissions, clinical response
to immunosuppressive agents, and an increased
rate of antinuclear antibodies, and sometimes
BPS is associated with other autoimmune dis-
eases. Thus, the symptoms of BPS may be
epiphenomena occurring as a result of bladder
cell injury caused by the primary autoimmune
condition [127, 128].

Urinary tract infection with nanobacteria
[129] or fungi (Candida and Saccharomyces spp.)
[130] may be involved, but patients with BPS
generally do not experience urinary infections.
It may be that an altered microbiota composi-
tion could explain the damage to the urothe-
lium and the resulting mast cell activation, but
the involvement of infection in the BPS etiology
remains an unresolved issue.

A decrease in the density of the bladder
microvasculature has been demonstrated in
patients with BPS [131], accompanied by
increased expression of hypoxia-inducible fac-
tor-1 alpha in the bladder tissue [132]. However,
the mechanism underlying the hypoxic condi-
tion in the bladder cells of patients with BPS is
still unknown.

Central sensitization is an abnormal state of
responsiveness to noxious and innocuous
stimuli, leading to tenderness beyond the site of
injury [133, 134]. It is probably involved in
neuropathic and inflammatory pain in patients
with BPS. The sensitization of the nociceptive
system occurs after repeated or intense noxious
stimuli, so that as the threshold decreases,
responses (duration and magnitude of dorsal
horn neurons) to subsequent inputs and their
receptive fields are amplified [133–135]. Fur-
thermore, afferents that are not normally active
(the so-called silent afferents) may also become
activated by the change [136, 137].

Diagnosis
BPS is a diagnosis of exclusion, in which history,
physical examination, and laboratory tests are
used to rule out specific diseases that may cause
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pelvic pain [111]. When BPS is suspected, clin-
ical and instrumental diagnostic procedures are
primarily aimed at excluding any confounding
conditions and phenotyping the disease
according to the classification system known as
UPOINT [111].

The patient’s pathological and pharmaco-
logical history is important, particularly the
history of pain, which is the ‘‘key symptom’’.
Pain is usually described as pressure or discom-
fort associated with one or more other symp-
toms, such as increased daytime and/or
nighttime urinary frequency. The exclusion of
other similar conditions is mandatory
[111, 138]. Pain can be present as suprapubic
pressure (sometimes radiating to the groin,
vagina, rectum, or sacrum) or discomfort per-
ceived in the bladder, which increases with
increasing bladder content, is relieved by void-
ing, but soon returns [111]. Pain can be exac-
erbated by food or drink [111, 139]. Sometimes
CPPS can be associated with chronic non-uro-
logical-associated somatic syndromes (NUAS).
According to data from the Multidisciplinary
Approach to the Study of Chronic Pelvic Pain
(MAPP) network, patients with NUAS report
more severe pain—mostly felt outside the pel-
vis—more severe urinary symptoms, and more
recurrent anxiety and depression than patients
without this condition [140].

A detailed physical examination of the
abdomen, pelvis, and vagina should be carried
out, paying specific attention to areas of ten-
derness. A musculoskeletal and focused neuro-
logical examination for tenderness and trigger
points should also be undertaken [111], because
three-quarters of men and women with CPPS
report pain in areas outside the pelvis [141].
Widespread pain is associated with more severe
pain symptoms in non-pelvic regions, worse
psychosocial health, and poorer QoL, but it
does not aggravate pelvic pain or urinary
symptoms [141].

The three-day chart is a widely adopted
diagnostic instrument used to identify BPS
[142], together with the validated symptom and
QoL scoring known as O’Leary-Sant Interstitial
Cystitis Symptom and Problem Index (ICSI/

ICPI) [111, 143]. The European Society for the
Study of Interstitial Cystitis (ESSIC) guidelines
recommend performing abdominal ultrasound
and uroflowmetry in order to exclude any con-
founding disease [138]. Urine dipstick and urine
culture should be performed to exclude urinary
tract infection, and urine cytology should be
tested in patients who are at high risk of
urothelial malignancy [111].

Cystoscopy should be performed early in the
evaluation of bladder pain [138]. According to
several international guidelines, cystoscopy
with hydrodistention should be performed to
exclude confounding pathologies in patients
with BPS [138, 144]. The ESSIC guidelines rec-
ommend bladder biopsy during cystoscopy with
three samples taken (one from each lateral wall
and one from the dome), and provide a classi-
fication criteria based on cystoscopy and biopsy
findings [111, 138, 144].

There are no clear recommendations about
the appropriate hydrodistention procedure
(filling volume, duration, and pressure). The
National Institute of Diabetes and Digestive and
Kidney Diseases (NIDDK) recommends per-
forming a cystoscopy with hydrodistention and
anesthesia at a pressure of 80–100 cmH20 for
1–2 min and repeating twice [145]. Other
authors have proposed performing cystoscopy
with hydrodistention under anesthesia at a
pressure of 100 cmH2O, infusing a volume of
1000 mL for 1 min, but not more than five
times [144, 146]. Nordling and colleagues sug-
gest cystoscopy with hydrodistention and
anesthesia at a pressure of 80 cmH2O, without
specifying the volume, for 3 min [144, 147].

According to the American Urological Asso-
ciation guidelines, cystoscopy has no primary
role in the diagnosis of uncomplicated BPS
[148]. The only cystoscopic finding characteris-
tic of BPS is the presence of Hunner’s ulcers
[145], usually only present in complicated BPS.
The presence of Hunner’s lesions or glomerula-
tions in at least three bladder quadrants, with
10 glomerulations per quadrant, is considered
positive for BPS, according to NIDDK guidelines
[145].
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Treatment
The aim of BPS management is to improve the
patient’s QoL and to possibly meet their
expectations [138]. First-line approaches are
behavioral modification strategies (voiding,
fluid modification, and bladder training) and
physiotherapy, especially for patients with pel-
vic floor dysfunction [111, 138]. Oral medica-
tions with amitriptyline and pentosan
polysulfate are second-line therapies [138].
Intravesical instillations of anti-inflammatory
and analgesic medications or agents that may
restore the impaired GAG layer (hyaluronic
acid, chondroitin sulfate, alone or in combina-
tion, and pentosan polysulfate) are strongly
recommended by various international guideli-
nes [111, 138, 148]. Bladder hydrodistention
and transurethral resection (or coagulation or
laser) of Hunner’s lesions (3C type) are recom-
mended as third-line therapeutic approaches
[145], whereas fourth-line treatment options
include intravesical and trigonal injection of
botulinum toxin A (100 units) with or without
hydrodistention or sacral neuromodulation
[111, 138, 148]. All international guidelines
indicate radical surgery with substitution
cystoplasty (with supra- or sub-trigonal cystec-
tomy) or urinary diversion (with or without
cystectomy) as the final therapeutic options
[111, 138, 148].

Pain Rehabilitation in Women

Rehabilitation clinicians are often involved in
the treatment of pain, and chronic pain in
particular. Among the people with different
chronic pain conditions (such as hip [149] or
knee [150] OA, chronic low back pain [151], and
fibromyalgia [152]) in rehabilitation units, more
are women than men. Chronic pain localized in
the spine, including chronic neck and low back
pain, is more common in women than men
[17, 153]

Systematic reviews and meta-analyses show
that different rehabilitative interventions, such
as exercise and some physical modalities, can be
effective treatments for chronic pain. There is
now growing evidence that exercise is an effec-
tive treatment for chronic low back pain. For

example, there is up to moderate-quality evi-
dence that exercises focused on the activation
of trunk muscles can have clinically important
effects for chronic low back pain [154]. Aquatic
exercise also reduces low back pain and
improves physical function [155]. Moreover,
exercise is also effective for low back pain pre-
vention [156]. Regarding knee OA, another pain
condition more common in women than men,
resistance training is beneficial in terms of
reducing pain and improving physical function
[157].

Women with fibromyalgia can benefit from
rehabilitation, with growing evidence that
exercise can reduce the burden of disease and
improve physical function and fatigue in people
with this condition [158]. Even patients whose
disease has been established over several years
can improve their ability to undertake activities
of daily living after completing evaluation and
treatment by a multidisciplinary team com-
posed of physicians, psychologists, nurses, and
occupational and physical therapists [159].
However, there is currently evidence for some
physical modalities in fibromyalgia, such as
transcutaneous electrical nerve stimulation
(TENS) [160] or whole-body vibration exercise
[161].

In RA of the hand, hand exercises are com-
monly used to improve pain and hand strength,
dexterity, and joint mobility. There are meta-
analytical data to show that exercise has some
effect on hand function, but its effects on pain
remain controversial [162]. In contrast, in OA of
the hand, which is another common pain con-
dition in women, exercise can produce moder-
ate beneficial effects on pain, function, and
joint stiffness [163].

Some pain conditions, such as dysmenorrhea
and pregnancy-related pain, are exclusive to
women. There is emerging evidence that exer-
cise can provide a clinically significant reduc-
tion in the intensity of menstrual pain [164]
and reduce the frequency of low back pain and
sick leave due to lumbopelvic pain in pregnant
women [165]. Interestingly, acupuncture,
which is also used by rehabilitation physicians,
has been shown to reduce joint pain to some
extent in postmenopausal women with early-
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stage breast cancer and aromatase inhibitor-re-
lated arthralgias [166].

The extent to which the different therapies
are more effective and more appropriate for
women than for men remains to be fully
understood. Even if still sparse, there are some
findings indicating that the response to reha-
bilitative therapies can be different in women
suffering from chronic low back pain compared
with men. For example, pain rehabilitation
programs for patients with chronic low back
pain, which often include cognitive behavioral
therapy along with exercise, seem more effec-
tive in women [167, 168].

It is important to stress that resilience (i.e.
the ability to adapt in the face of life stressors,
such as a painful condition) and positive coping
behaviors (i.e. the fruitful actions taken to deal
with stressful situations) are key components
for successful rehabilitation [169, 170]. In many
cases, the rehabilitation actually expands the
patient’s coping repertoire by offering new
strategies to deal with the problems caused by
the disease [171]. Indeed, gender variation in
disability due to pain, as well as differences in
coping strategies, has been recognized in many
painful conditions [17], including those mainly
affecting women [172]. Different coping strate-
gies have been observed in men and women
facing, for instance, low-back pain, with women
more likely than men to experience more sev-
ere, more frequent, and longer pain, but also
responding more aggressively to pain with
health-related activities [17]. It may be that the
different response to rehabilitation in men and
women with low back pain is because females
may be more receptive to the new coping
strategies offered by rehabilitation. A recent
study among patients undergoing minimally
invasive transforaminal lumbar fusion estab-
lished that both genders should experience
similar functional outcomes after spinal sur-
gery, suggesting that sex differences in out-
comes may be attributable to the access to, or
quality of, rehabilitation received by male ver-
sus female patients [173], putting emphasis on
the still existing differences in the level of
rehabilitation care received by females.

Chronic pain can occur as a symptom of a
separate neurological condition. For example,

pain is common after stroke (e.g. shoulder pain
[174]), in peripheral neuropathies, such as those
associated with diabetes [175], in movement
disorders such as Parkinson’s disease [176] and
cervical dystonia [177], and in dementia [178],
which occurs more frequently in women than
men. Given what we know of the differences in
the way males and females perceive pain, it is
possible that similar gender-related differences
exist for pain associated with a neurological
disease, but to our knowledge this hypothesis is
largely unexplored. This uncertainty is reflected
in the rehabilitation strategies that are currently
used.

CONCLUSIONS

All the pathologies described in this review have
a markedly higher prevalence in women than
men. It is therefore important to investigate the
pathophysiological basis for gender differences
in the generation of acute pain and mainte-
nance of chronic pain, including the factors
that put women at higher risk for developing
chronic pain. This is an essential step in
understanding gender differences in the efficacy
and safety of drugs for acute and chronic pain
syndromes and, as in the case of migraine, for
preventive treatment. Biomarkers of chronic
pain risk and of drug response could be very
useful, saving time and money and ensuring
higher efficacy and improved tolerability of
drugs in patients.

While testosterone deficiency has been
linked to a high risk of inflammation in the
nociceptive nervous system, more in-depth
research is needed to better understand why not
all testosterone deficiencies trigger maladaptive
responses in the nociceptive system. Diet and
nutrition as epigenetic factors influencing the
perception of pain are another field of interest
suggested by the Expert Group, highlighted by
the frequent presence of comorbid gastroin-
testinal disorders in some pain conditions, such
as fibromyalgia. The vicious circle of chronic
pain in association with anxiety and depression
places a strong emphasis on common neuro-
transmitters—and therefore shared mecha-
nisms—between these pathologies in women.
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The overall findings from epidemiologic and
clinical studies demonstrate that women are at
higher risk for many common pain conditions
than men. However, decades of laboratory
research have not been successful in producing
a clear and consistent pattern of sex differences
in human pain sensitivity [2]. Data on pain
intensity are less consistent and influenced by
several methodologic factors, including mode
of patient selection in clinical studies and sex
differences in the effects of pain treatments [16].

‘‘Big data’’ and data-mining techniques pro-
vide an opportunity to reprocess the substantial
amount of clinical data that is already present
in the literature but, unfortunately, not yet
disaggregated by gender. This could help to
elucidate gender differences in the utilization of
very well-known and useful drugs, such as
paracetamol, or weak opioids, such as codeine.
Insights from these analyses will hopefully
stimulate further clinical and basic science
research, in a bottom-up system focusing on
gender-related differences in pain phenotypes,
as well as the potential influence of epigenetics
on pathways involved in neuroinflammation,
immunoreactivity, and the development of
maladaptive plasticity. Maladaptive plasticity
often results in pain conditions that are more
frequently associated with the female than the
male gender, such as those described in this
article (migraine, dysmenorrhea, chronic fati-
gue, interstitial cystitis/irritable urethra syn-
drome, irritable bowel syndrome, and other
regional pain syndromes). It is essential that
different specialties collaborate to develop gen-
der-related diagnostic and therapeutic
guidelines.

Furthermore, continuous education of
healthcare professionals and patients can lead
to more appropriate management through the
optimal use of existing diagnostic tools and
therapeutic options.

As a final note, the members of this Expert
Group are in agreement in stating that, at the
moment, there are no pharmacological options
for the management of chronic pain that have
been specifically developed for women. Fur-
thermore, aside from migraine—where mono-
clonal antibodies have been successfully
developed as migraine-specific acute and

preventive drugs—the treatment of chronic
pain is largely managed using drugs that were
initially developed for other diseases, such as
depression and epilepsy, and that have limited
effectiveness and problematic tolerability. For
this reason, the World Health Organization
ladder for cancer pain relief—which lists parac-
etamol, NSAIDs, and weak opioids as first and
second options—is still used by a large number
of doctors to guide treatment decisions for non-
cancer chronic pain [179, 180]. New drugs are in
the pipeline and will hopefully broaden the
armamentarium of options in the future, but
they are not yet available for use in the daily
battlefield of our outpatient departments.
Although a new approach to targeting treat-
ment specifically by gender may be possible
based on studies on the interaction between the
immune system, inflammation, and pain, we
are still very far from a pain treatment which is
specifically targeted to gender-related pain
conditions.
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