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Abstract

There is much evidence to suggest that gender is an important factor in the modulation
of pain. Literature data strongly suggest that men and women differ in their responses
to pain: they are more variable in women than men, with increased pain sensitivity and
many more painful diseases commonly reported among women. Gender differences in
pharmacological therapy and non-pharmacological pain interventions have also been re-
ported, but these effects appear to depend on the treatment type and characteristics.
It is becoming very evident that gender differences in pain and its relief arise from an
interaction of genetic, anatomical, physiological, neuronal, hormonal, psychological and
social factors which modulate pain differently in the sexes. Experimental data indicate
that both a different modulation of the endogenous opioid system and sex hormones are
factors influencing pain sensitivity in males and females. This brief review will examine
the literature on sex differences in experimental and clinical pain, focusing on several
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biological mechanisms implicated in the observed gender-related differences.

INTRODUCTION

Several reviews on the topic of gender differences in
pain mechanisms, control and treatments have been
published in the last two decades [1]. The increasing
literature refers to a broad range of topics, including
preclinical studies on mechanisms underlying male and
female differences in nociception and its control, clini-
cal research on gender differences in pain perception
and modulation, epidemiological investigations of sex
differences in pain prevalence and a growing number of
studies examining sex differences in responses to pain
therapies [1].

In this brief review, we summarize important findings
regarding gender and pain and we will discuss findings
regarding sex differences in animal models of pain and
in clinical pain prevalence and severity. Moreover, we
will review recent research exploring sex differences in
responses to pain treatment, followed by a brief discus-
sion of hormonal mechanisms underlying the sex dif-
ferences in responses to pain and its treatment. We will
conclude with a brief commentary on future directions
in this interesting field of knowledge.

SEX PREVALENCE AND EPIDEMIOLOGY IN
CLINICAL PAIN

Since the pioneering work of Berkley [2], large-scale
epidemiological studies have consistently revealed a
higher female prevalence of several painful diseases.
Women report more severe levels of pain, more fre-
quent pain in more areas of the body and pain of longer
duration than men. Such painful conditions particularly

involve the head and neck, e.g. migraine, chronic ten-
sion-type headache and temporomandibular disorders,
but also include fibromyalgia, irritable bowel syndrome
and interstitial cystitis [3]. However, while women are
more affected by these chronic painful syndromes, the
condition is not exclusive to this sex, and there are also
conditions more common in men than in women such
as cluster headache, a typical male pathology. More-
over, despite these findings the relationship between
gender and pain is not simple since other studies have
found no sex differences or inconsistent results when
examining pain severity in clinical populations [3].
Some of the observed differences can arise from spe-
cific recurrent problems occurring over a long period
of a woman’s life such as gynaecological syndromes, as
well as from the greater female longevity, or are related
to diseases with a higher male than female prevalence.
Furthermore, the prevalence of different kinds of pain
in both sexes can change across the lifespan, as occurs
for migraine, fibromyalgia, temporomandibular disor-
ders, gastrointestinal, abdominal, joint and back pain.
As recently reported, menopause can play an important
role in changing pain sensitivity. Interestingly, although
the loss of estrogen can lead to a decrease in life-long
painful conditions such as headache, menopause can
also be accompanied by “new” painful conditions such
as osteoporosis and joint inflammation [4]. No sex dif-
ferences have been reported for some pathological con-
ditions such as cancer [5], although sex differences in
the type of cancer and its stage and in the effectiveness
of pain treatments in these clinical conditions could
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also influence the presence, magnitude and direction
of sex differences in cancer pain [3]. Other confound-
ing factors that can influence sex difference estimates in
pain are the reported gender differences in pain symp-
toms and signs of some syndromes such as appendicitis,
migraine, IBS, theumatoid arthritis and coronary artery
diseases [6]. It is recognized that psychological and
socio-cultural mechanisms can influence pain percep-
tion, expression and tolerance in both sexes, thus con-
founding gender-related pain analysis. Nevertheless,
the overall findings from epidemiological and clinical
studies demonstrate that women are at higher risk for
many common pain conditions than men. Data on pain
intensity are less consistent and influenced by several
methodological factors, including mode of patient se-
lection in clinical studies and the sex differences in the
effects of pain treatments.

SEX AND EXPERIMENTALLY INDUCED PAIN

Differences in responses to experimental pain in both
sexes have been investigated mainly in healthy people
using a wide variety of stimuli (mechanical, electrical,
thermal, ischemic, chemical). Pain responses have been
evaluated by different measures including time and
intensity to the first sensation of pain, pain tolerance,
and self-report measures of pain intensity. The results
varied between studies regardless of the type of stimu-
lus used, indicating that sex differences in nociception
depend on multiple factors such as the type of stimulus,
testing or end point paradigm, body location, temporal
thythms, reproductive status and age, the presence of
disease or illness [6]. In contrast, a recent systematic
review concluded that the last ten years of experimen-
tal research did not provide clear and consistent results
concerning sex differences in human pain sensitivity
[7]. However, from the data used for this review and
the analysis of the studies, it appears that females feel
pain with greater sensitivity than males, although the
statistical significance of the sex difference varies across
measures, as previously reported [6]. On the other
hand, it is interesting to note that despite similar behav-
ioural responses by men and women to a painful stimu-
lus (pain intensity, threshold), some neurophysiological
measurements (INMR, PET) often show a different or
opposite response to the same stimulus [8]. These data
strongly indicate a different functional involvement
of the central nervous system with possibly ‘different’
plastic changes in those areas probably involved in pain
chronicization.

SEX DIFFERENCES AND PAIN TREATMENT
The response to pain therapy (drugs, somatic ma-
nipulations, situational adjustment) appears to be sex-
related. Several studies based on analgesic and adju-
vant drug consumption have documented that women
consume and are prescribed more drugs than men, and
only a part of this treatment is used to alleviate gynae-
cological pain [6]. However, lower opioid consumption
has also been reported in post-operative women [9],
although this result may depend on the type of surgi-
cal procedure or arise from increased analgesic side ef-
fects in women [10]. A lack of sex-specific effects for

p-mediated opioid analgesia was recently reported, but
when the analyses were restricted to patient-controlled
analgesia (PCA) or when only PCA morphine studies
were considered, robust analgesic effects for women
appeared [11]. Similar results were obtained in studies
in which analgesic responses were experimentally as-
sessed, suggesting greater morphine analgesia for wom-
en. No sex-dependent analgesic effects of mixed opi-
oids such as butorphanol, nalbuphine and pentazocine
were found in experimental studies, although in clinical
studies it was concluded that women exhibit greater an-
algesia than men in response to these analgesics [3].

As reported for clinical and experimental studies, sex
differences have also been found in investigations of
pain treatment. Women received sedatives more often
for pain after surgery whereas men were more likely to
receive analgesics [12], suggesting that women are at
risk for under-treatment of pain. Several studies suggest
that the differences in pain treatment between women
and men are influenced by both patient and provider
characteristics, an effect which may lead to disparities
in pain management [13].

In regard to sex differences in non-pharmacological
pain interventions, when patients were asked to focus
on the sensory components of pain, men reported less
pain than woman, whereas when they focused on af-
fective components of pain, women reported more
pain than men [14]. In a study examining the effect of
acceptance-based coping instructions on cold-pressor
pain, women reported a lower pain threshold and tol-
erance level than men and the acceptance instructions
only benefited women [15]. Recently a study investi-
gated whether men and women exhibited different
outcomes after an intensive multimodal pain treatment
program consisting of individual treatment as well as
group therapy [16]. Pre-treatment parameters for pain,
disability due to pain, pain duration and pain chronicity
stage, as well as age or psychiatric comorbidities, did
not differ between genders. The study demonstrated a
considerable difference in the benefit for women com-
pared with men, and women consistently improved
more in pain-related disabilities in daily life than men.
These distinctions did not appear to be due to differ-
ences in pain duration, medication, psychiatric comor-
bidities, pain chronicity stage or application for a dis-
ability pension. Therefore, gender differences do not
only refer to chronic pain prevalence, pain perception
or experimental pain measurement, but also seem to
have a clinically relevant impact on the response to pain
therapy, even though the results of this kind of study are
somewhat variable.

MECHANISMS OF SEX DIFFERENCES
IN PAIN
As summarized above, gender differences contribute
to individual differences in pain and its relief. However,
the specific mechanisms underlying the observed dis-
parity are not yet clear and it has been suggested that an
interaction of biological, psychological and socio-cul-
tural factors probably contributes to these differences.
Androgens and estrogens are essential for the devel-
opment and maintenance of the reproductive system
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and many studies suggest that they also play an impor-
tant role in the observed differences between males and
females in the response to pain and pain treatments.
Changes in estrogen plasma levels were found to be
correlated with recurrent pain in women [17] and post-
menopausal women undergoing estrogen replacement
therapy showed an increased incidence of temporoman-
dibular (TM) joint pain [18]. However, TM joint pain
and fibromyalgia are also related to the menstrual cycle
phases, and rapid estrogen changes may also be associ-
ated with increased pain [19]. Fibromyalgia symptoms
are associated with the luteal phase, when both estro-
gen and progesterone levels are high [20].

Pain perception varies according to the menstrual
cycle phases in women with chronic pain perception,
with patients rating pain significantly higher in some
phases of the menstrual cycle than in others [21]. In
experimental models of pain, estrogens appear to be
pronociceptive since male rats injected intracerebro-
ventricularly with estradiol for two days showed higher
levels of formalin-induced licking than rats injected
with saline [22]. However, estrogens also seem to play
an important role in inducing anti-nociception. Simu-
lation of pregnancy in ovariectomized rats, with high
plasma levels of estrogens and progesterone, increased
the pain threshold [23] and this effect was also present
in males [24]. Recently the antinociceptive effect of es-
trogen was confirmed in a model of neuropathic pain
in mice [25]. The authors demonstrated that male and
female mice react differently to structural and func-
tional changes induced by sciatic nerve ligature, used
as a model of neuropathic pain. Male mice showed a
gradual decrease of allodynia and a complete recov-
ery while in females the allodynia and gliosis were still
present four months after neuropathy induction. Ad-
ministration of 17B-estradiol was able to significantly
attenuate this difference, reducing the allodynia and
inducing a complete recovery also in female mice. Fur-
thermore, 17B-estradiol-treated mice showed a func-
tional improvement of the injured limb, a faster regen-
erative process of the peripheral nerves and decreased
neuropathy-induced gliosis [25]. With regard to the ef-
fect of androgens on pain, an inverse relationship was
found between plasma testosterone and work-related
neck and shoulder disorders in female workers [26].
Other evidence for an analgesic effect of androgens is
the clinical finding that the levels of gonadal and ad-
renal androgens such as testosterone and DHT are
lower in both female and male rheumatoid arthritis pa-
tients than in controls. Interestingly, androgen admin-
istration induces a significant improvement of clinical
symptoms, probably through inhibition of the immune
system [27, 28]. In male rats, when supraphysiologi-
cal levels of testosterone were administered to both
male and female rats, the licking duration, which was
longer in female than male controls, decreased only in
females whereas no decrease in flexing or jerking be-
haviour was observed [29]. These results indicate that a
high level of testosterone did not affect the nociceptive
input, since jerking and flexing were unchanged, but
did induce a ‘male-like’ response in females with re-
gard to licking, the most complex supraspinal formalin-

induced response. This suggests that the already lower
licking levels in males are kept low by testosterone and
that females are sensitive to changes in testosterone
plasma levels. Interestingly, these experimental data
were recently confirmed in women [30].

The combined oral contraceptive pill (COCP) has
been implicated in the development of a number of
chronic pain conditions. Modern COCP formulations
produce a low endogenous estradiol, low progesterone
environment similar to the early follicular phase of the
natural menstrual cycle, with a variable effect on serum
androgen levels. Vincent and co-authors used behav-
ioural measures and functional magnetic resonance
imaging to investigate the response to experimental
thermal stimuli in healthy women, in both a natural and
COCP-induced low endogenous estradiol state, to in-
vestigate whether alterations in central pain processing
underlie these observations in COCP users. Although
COCP users generally did not require lower tempera-
tures to obtain a fixed pain intensity, alterations in the
brain response to these stimuli were observed. How-
ever, lower temperatures were required in a subgroup
of COCP users with significantly reduced serum tes-
tosterone. Region-of-interest analysis revealed that, in
key regions of the descending pain inhibitory system,
activity in response to noxious stimulation varied with
serum testosterone levels in both groups of women.
Of particular interest, in COCP users, activity in the
rostral ventromedial medulla increased with increasing
testosterone whereas it was significantly reduced com-
pared to controls in those women with low testosterone.
These findings suggest that, in a low endogenous estra-
diol state, testosterone may be a key factor in modu-
lating pain sensitivity via descending pathways. Specifi-
cally, failure to engage descending inhibition at the level
of the rostral ventromedial medulla may be responsible
for the reduction in temperature required by COCP us-
ers with low circulating testosterone.

Other experiments aimed at evaluating the long-term
effect of a painful stimulus in rats confirmed that male
gonadal hormones have an inhibitory, adaptive effect
on the behavioural and neuronal responses to repeated
nociceptive stimulation [31]. These data are not sur-
prising considering the distribution of sex hormones
and their receptors in areas of the peripheral and cen-
tral nervous systems associated with nociceptive trans-
mission [32, 33]. Furthermore, sex hormones appear
to modulate cortical processing of pain-related stimuli
[34-36]. A regional increase in baseline p-opioid recep-
tor availability and greater activation of endogenous
opioid neurotransmission during pain in women in the
high-estrogen state was also reported. During the low
estrogen condition, however, significant reductions in
endogenous opioid tone were observed at the level of
the thalamus, nucleus accumbens and amygdala, which
were associated with hyperalgesic responses [37]. The
important effect on gonadal hormones by pain killers
should be underlined. Data are clear concerning the hy-
pogonadism induced by opioids and other commonly
used analgesics [38]. Thus the endocrinopathies occur-
ring in these patients can strongly affect their quality
of life and the possibility to completely recover from
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the original pathology. These findings suggest that the
interaction of the opioidergic system with gonadal hor-
mones plays a role in the observed sex-based differenc-
es in pain sensitivity.

Several studies have indicated that genotype may
contribute to sex differences in pain. Since the early
experimental data of Liebeskind and collaborators on
mice strain differences in swimming-induced analgesia,
preclinical research has shown that genotype influences
nociception, and these findings have been extended
to humans in recent years [39]. For example, heredi-
tary sensory and autonomic neuropathies (HSANs)
are monogenic pain disorders in which pain sensibility
is substantially absent. Rare inherited disorders may
provide models to explain genetic variability in more
common pain states and these syndromes appear to
be linked to genes encoding proteins of different func-
tional classes, e.g. ion channels, enzymes, transcription
factors and trophic factors. From genetic association
studies, a wide variety of genes have now been asso-
ciated with both experimental and clinical pain states,
and success in this field will lead both to a better under-
standing of basic pain mechanisms and to the develop-
ment of new therapies.

Many studies have suggested that interactions be-
tween the immune system and the nervous system
modulate nociception via the crucial role of microglia.
Recently, Sorge and collaborators [40] explored wheth-
er nociception can be processed in female mice through
a pathway that is independent of microglia. The authors
induced mechanical allodynia in mice of both sexes
and found that intrathecal injection of glial inhibitors
reversed allodynia in males but not in females. The
transient depletion of microglia blocked allodynia in
the male mice but not in the females. Furthermore, al-
lodynia was reversed in male but not in female mice by
blocking signalling mediators linked to microglia-neu-
ron nociception pathways such as P2X4 receptor, p38
MAP kinase or brain-derived neurotrophic factor. From
these data the authors suggested that microglia are es-
sential for mechanical nociception in male mice, where-
as other mechanisms are probably used in females. To
test whether adaptive immune cells are involved, the
authors studied allodynia in nude or recombination-
activating gene 1-knockout (Ragl-/-) mice, which lack
T cells and B cells. The administration of glial inhibi-
tors reversed allodynia in both male and female nude
or Ragl-/- mice. In contrast, in female Ragl-/-mice re-
ceiving an adoptive transfer of splenocytes, allodynia
could not be blocked by glial inhibitors, suggesting that

REFERENCES

1. Bartley EJ, Fillingim RB. Sex differences in pain: a brief
review of clinical and experimental findings. Br ] Anaesth
2013;111(1):52-8. DOL: 10.1093/bja/aet127

2.  Berkley KJ. Sex differences in pain. Behav Brain Sci
1997:20(3):371-80.

3. Fillingim RB, King CD, Ribeiro-Dasilva MC, Rahim-
Williams B, Riley JL III. Sex, gender, and pain: a re-
view of recent clinical and experimental findings. | Pain

female mice process nociception via lymphocyte-de-
pendent mechanisms but can use microglia-dependent
pathways when lymphocytes are absent. Sex hormones
also regulate the expression of peroxisome proliferator-
activated receptors (PPARs), which in turn can modify
the expression of cytokines associated with nociception.
Examining the sexually dimorphic expression of PPARs,
the authors found that a PPARa agonist reversed allo-
dynia in males, but not in females or castrated males,
whereas a PPARy agonist reversed allodynia in females
but not in males or testosterone-treated females. These
findings appear to be important for future research on
pain since they indicate the need for sex-separated ex-
perimental studies and further suggest that different
clinical strategies could be adopted to optimize pain
management in men and women.

CONCLUSIONS

Differences between men and women in pain prev-
alence, the seeking of medical treatment of pain syn-
dromes, pain behaviour and responses to analgesic drugs
have long been reported. The role of social, cultural and
biological factors in the sex difference in pain percep-
tion has been discussed. During the last two decades, a
large amount of data has been collected on differences
between the sexes in responses to pain, including pain
thresholds, tolerance and response to pain treatments.
Sex differences in nociception have been well docu-
mented in the literature. It has been shown that women
perceive more pain than men and this has been dem-
onstrated for clinical pain and for experimental pain in
humans and animals. Sex differences in pain perception
are frequently substantial, with moderate to large effect
sizes. Multiple factors are considered responsible for sex
differences in pain perception and for the great preva-
lence of chronic pain conditions in women. Biological
factors such as sex hormones are thought to be one of
the main mechanisms explaining sex differences in pain
perception. Further research to elucidate the mecha-
nisms underlying sex differences in pain responses is
needed to reduce these disparities in pain.

Conflict of interest statement

There are no potential conflicts of interest or any fi-
nancial or personal relationships with other people or
organizations that could inappropriately bias the con-
duct and findings of this study.

Submitted on invitation.
Accepted on 16 March 2016.

2009;10:447-85. DOI:10.1016/}.jpain.2008.12.001

4.  Meriggiola MC, Nanni M, Bachiocco V, Vodo S, Aloisi
AM. Menopause affects pain depending on pain type
and characteristics. Menopause 2012;19(5):517-23. DOI:
10.1097/gme.0b013e318240fe3d

5. Turk DC, Okifuji A. Does sex make a difference in
the prescription of treatments and the adaptation to
chronic pain by cancer and non-cancer patients? Pain

187

MONOGRAPHIC SECTION . . O



—_
MONOGRAPHIC SECTION - . [j %

Stefano Pieretti, Amalia Di Giannuario, Rita Di Giovannandrea et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

1999;82:139-48.

Holdcroft A, Berkley KJ. Sex and gender differences in
pain and its relief. In: McMahon SB, Koltzenburg M
(Ed). Wall and Melzack’s textbook of pain. Elsevier; 2006.
Racine M, Tousignant-Laflamme Y, Kloda LA, Dion D,
Dupuis G, Choiniere M. A systematic literature review
of 10 years of research on sex/gender and experimental
pain perception - part 1: are there really differences be-
tween women and men? Pain 2012;153(3):602-18. DOI:
0.1016/j.pain.2011.11.025

Labus JS, Naliboff BN, Fallon J, Berman SM, Suyenobu
B, Bueller JA, Mandelkern M, Mayer EA. Sex differences
in brain activity during aversive visceral stimulation and
its expectation in patients with chronic abdominal pain: a
network analysis. Neuroimage 2008;41(3):1032-43. DOI:
10.1016/;

Miaskowski C, Gear RW, Levine JD. Sex-related differ-
ences in analgesic responses. In: Fillingim RB (Ed). Sex,
gender, and pain. Seattle, WA: IASP Press; 2000. p. 209-
30.

Fillingim RB, Ness TJ, Glover TL, Campbell CM, Hastie
BA, Price DD, Staud R. Morphine responses and experi-
mental pain: sex differences in side effects and cardiovas-
cular responses but not analgesia. | Pain 2005;6(2):116-
24.

Niesters M, Dahan A, Kest B, et al. Do sex differences
exist in opioid analgesia? A systematic review and meta-
analysis of human experimental and clinical studies. Pain
2010;151:61-8. DOI:10.1016/j.pain.2010.06.012
Calderone KL. The influence of gender on the frequency
of pain and sedative medication administered to postop-
erative patients. Sex Roles 1990;23:713-25. DOI:10.1007/
BF00289259

Leresche L. Defining gender disparities in pain man-
agement. Clin Orthop Relat Res 2011;469:1871-7.
DOI:10.1007/s11999-010-1759-9

Keogh E, Herdenfeldt M. Gender, coping and the per-
ception of pain. Pain 2002;97:195. DOI:10.1016/S0304-
3959(01)00427-4

Keogh E, Bond FW, Hanmer R, Tilston ]J. Compar-
ing acceptance- and control-based coping instructions
on the cold-pressor pain experiences of healthy men
and women. Eur | Pain 2005;9:591-8. DOI:10.1016/j.
ejpain.2004.12.005

Pieh C, Altmeppen J, Neumeier S, Loew T, Angerer M,
Lahmann C. Gender differences in outcomes of a mul-
timodal pain management program. Pain 2012;153:197-
202

Marcus DA. Interrelationships of neurochemicals, estro-
gen, and recurring headache. Pain 1995;62:129-39.

Dao TT, LeResche L. Gender differences in pain. ] Orofac
Pain 2000;14:169-84.

LeResche L, Mancl L, Sherman JJ, Gandara B, Dworkin
SF. Changes in temporomandibular pain and other symp-
toms across the menstrual cycle. Pain 2003;106:253.
DOI:10.1016/j.pain.2003.06.001

Korszun A, Young EA, Engleberg NC, Masterson L,
Dawson EC, Spindler K, McClure LA, Brown MB, Crof-
ford LJ. Follicular phase hypothalamic-pituitary-gonadal
axis function in women with fibromyalgia and chronic fa-
tigue syndrome. | Rheumatol 2000;27:1526-30.
Hellstrém B, Anderberg UM. Pain perception across the
menstrual cycle phases in women with chronic pain. Per-
cept Mot Skills 2003;96(1):201-11.

Aloisi AM, Ceccarelli I. Role of gonadal hormones in for-
malin-induced pain responses of male rats: modulation
by estradiol and naloxone administration. Neuroscience

2000;95:559-66.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Dawson-Basoa M, Gintzler AR. Gestational and ovar-
ian sex steroid antinociception: synergy between spinal
kappa and delta opioid systems. Brain Res 1998;794:61-
7.

Liu NJ, Gintzler AR. Prolonged ovarian sex steroid treat-
ment of male rats produces antinociception: identifica-
tion of sex-based divergent analgesic mechanisms. Pain
2000;85:273-81.

Vacca V, Marinelli S, Pieroni L, Urbani A, Luvisetto S,
Pavone F. 17beta-estradiol counteracts neuropathic pain:
a behavioural, immunohistochemical, and proteomic
investigation on sex-related differences in mice. Sci Rep
2016;8;6:18980. DOI: 10.1038/srep18980

Kaergaard A, Hansen AM, Rasmussen K, Andersen JH.
Association between plasma testosterone and work-relat-
ed neck and shoulder disorders among female workers.
Scand ] Work Environ & Health 2000;26:292-8.

Morales AJ, Nolan JJ, Nelson JC, Yen SS. Effects of
replacement dose of dehydroepiandrosterone in men
and women of advancing age. | Clin Endocrinol Metab
1994;78:1360-7.

English KM, Steeds RP, Jones TH, Diver MJ, Channer
KS. Low dose transdermal testosterone therapy improves
angina threshold in men with chronic stable angina: a
randomized, double-blind, placebo-controlled study. Cir-
culation 2000;102:1906-11.

Aloisi AM, Ceccarelli I, Fiorenzani P, De Padova AM,
Massafra C. Testosterone affects formalin-induced re-
sponses differently in male and female rats. Neurosci Lett
2004;361:262-4.

Vincent K, Warnaby C, Stagg CJ, Moore ], Kennedy
S, Tracey I. Brain imaging reveals that engagement of
descending inhibitory pain pathways in healthy wom-
en in a low endogenous estradiol state varies with tes-
tosterone. Pain 2013;154(4):515-24. DOI: 10.1016/j.
pain.2012.11.016

Ceccarelli I, Scaramuzzino A, Massafra C, Aloisi AM.
The behavioral and neuronal effects induced by repeti-
tive nociceptive stimulation are affected by gonadal hor-
mones in male rats. Pain 2003:104:35-47.

Craft RM. Modulation of pain by estrogens. Pain
2007;132:S3-512. DOI:10.1016/j.pain.2007.09.028
Craft RM, Mogil JS, Aloisi AM. Sex differences in pain
and analgesia: the role of gonadal hormones. Eur | Pain
2004;8:397. DOI:10.1016/j.ejpain.2004.01.003

Kern MK, Jaradeh S, Arndorfer RC, Jesmanowicz A,
Hyde J, Shaker R. Gender differences in cortical repre-
sentation of rectal distension in healthy humans. Am |
Physiol 2001;281:G1512-G23.

Berman SM, Naliboff BD, Suyenobu B, Labus JS, Stains
J, Bueller JA, Ruby K, Mayer EA. Sex differences in re-
gional brain response to aversive pelvic visceral stimuli.
Am ] Physiol Regul Integr Comp Physiol 2006;291(2):R268-
76.

Moulton EA, Keaser ML, Guliapalli RP, Maitra R,
Greenspan JD. Sex differences in the cerebral BOLD
signal response to painful heat stimuli. Am J Physiol
2006;60:R257-R67. DOI:10.1152/ajpregu.00084.2006
Smith YR, Stohler CS, Nichols TE, Bueller JA, Koeppe
RA, Zubieta JK. Pronociceptive and antinociceptive ef-
fects of estradiol through endogenous opioid neuro-
transmission in women. ] Neurosci 2006;26:5777-85.
DOI:10.1523/JNEUROSCI.5223-05.2006

De Maddalena C, Bellini M, Berra M, Meriggiola MC,
Aloisi AM. Opioid-induced hypogonadism: why and how
to treat it. Pain Physician 2012;15(3 Suppl.):ES111-8.
Mogil JS. Sex differences in pain and pain inhibition:
multiple explanations of a controversial phenomenon.



189

0J

(GENDER DIFFERENCES IN PAIN

Nat Rev Neurosci 2012;13:859-66. DOI:10.1038/nrn3360 Klip A, Ji RR, Zhang J, Salter MW, Mogil JS. Different .
40. Sorge RE, Mapplebeck JC, Rosen S, Beggs S, Taves S, immune cells mediate mechanical pain hypersensitivity in

Alexander JK, Martin L], Austin JS, Sotocinal SG, Chen male and female mice. Nat Neurosci 2015;18(8):1081-3.

D, Yang M, Shi XQ, Huang H, Pillon NJ, Bilan PJ, Tu Y, DOI: 10.1038/nn.4053 .

MONOGRAPHIC SECTION



