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There are clear biological differences in the anato-
my and functioning of nociception systems in humans 
depending on their biological sex. At the same time, 
despite the growing understanding of sex-related diffe-
rences in pain perception and modulation in humans 
and mammals, much preclinical research still fails to ad-
dress biological sex as an important variable, and even 
less has addressed sex differences in pain in humans. 

Women constitute over 60% of adults suffering from 
chronic pain [1]. It is estimated that in Poland there are 
over 5.1 million women who suffer from chronic pain 
of various intensity and etiology, with approximately  
1/5 of them stating that they would not be able to tole-
rate stronger pain [1]. The female sex is mentioned 
among the risk factors for chronic pain, along with a pa-
tient’s older age and living in a rural area [2]. The biolo-
gical mechanisms underlying significant sex differences 
in pain perception between men and women depend 
primarily on the influence of sex hormones during ado-
lescence, when the neuroplasticity of the nervous sys-
tem is high. Sex hormones can influence pain perception 
in humans in a variety of ways [3] as follows: 
•	 altering pain sensitivity by affecting pain control path-

ways, mainly by affecting descending antinociceptive 
pathways,

•	 influence on biological processes related to pain (e.g. 
inflammation),

•	 influence on hormone-dependent pathologies (e.g. endo-
metriosis),

•	 effects on mood, which may affect the perception of 
pain. 

Evidence supporting the influence of the menstrual 
cycle on sensitivity to noxious stimuli in healthy women 
is equivocal, with most well-designed studies suggest-
ing at most a modest effect [4]. Estrogens are key pain- 

reducing hormones in higher concentrations because 
they activate inhibitory pathways in the spinal cord, but 
have the opposite effect on pain in lower concentration. 

It has been observed that a higher level of estrogens 
in women reduces the risk of musculoskeletal pain or 
chronic post-traumatic pain [5, 6]. Experimental studies 
have revealed differences in the analgesic effects of estro-
gens, also depending on the pain model – pain intensity 
in the inflammatory and visceral model, neuroprotective 
effect in models of neuropathic pain [7]. Stability of estro-
gens levels plays a greater role in nociception in women, 
which translates into better pain control, and fluctuations 
in estrogens levels have a pro-pain effect, as exemplified 
by headache episodes associated with the menstrual 
cycle [8]. Progesterone appears to be a pain-intensifying 
hormone, although pregnancy is associated with de-
creased pain sensitivity (“pregnancy-induced analgesia”) 
This effect is particularly pronounced in studies on animal 
models and less pronounced in observations in women [9]. 
Testosterone reduces the severity of pain in both men and 
women. This may be due to its activating effect on de-
scending antinociceptive pathways, increasing the expres-
sion of opioid and cannabinoid receptors [3]. Testo sterone 
modulates the functions of numerous receptors involved 
in nociception (e.g. TRPV1) and reduces the seve rity 
of neurogenic inflammation by reducing the production 
of pro-inflammatory cytokines such as tumor necrosis fac-
tor [10]. Although hormones are commonly used to treat 
gynecological pain (period pain, pain associated with en-
dometriosis/adenomyosis), it is well known that they can 
also cause headaches, migraines, vulvar and joint pain. 
The natural reduction in hormone levels observed during 
perimenopause and postmenopause is also associated 
with a change in the nature of pain. These relationships 
are complex; some pains subside during this time, while 
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others worsen, and some begin in women who have not 
previously suffered from pain [11]. 

The female sex predisposes to pain syndromes charac-
teristic of women: pain associated with pregnancy, child-
birth, postpartum, dysmenorrhea, endometriosis, and 
headaches associated with the menstrual cycle. Up to 
90% of girls may experience discomfort and/or pain 
related to menstruation, and this may be an important 
risk factor for chronic pain later in their life [11]. Scientific 
evidence from experimental studies supports the exis-
tence of sex-specific differences in the molecular mech-
anisms underlying the development and control of pain, 
including:
	•		dimorphism	relating	to	the	role	of	immunocompetent	

cells and inflammatory pathways in the development 
of pain at the peripheral, spinal, and supraspinal le-
vels [12],

•		activation	 of	 microglia	 at	 the	 spinal	 level,	 purinergic	
receptors and the brain-derived nerve factor pathway 
are more important in the development of inflamma-
tory and neuropathic pain in males [13],

•		the	 influx	of	T	cells	 is	more	 important	 in	the	mecha-
nisms of chronic pain in females, and the key hormone 
that regulates this is testosterone [13],

•		hypersensitivity	 to	 topically	 administered	 calcitonin	
gene-related peptide (CGRP) occurs only in female 
mice and does not occur in male mice, and drugs act-
ing on CGRP in the treatment of migraine work much 
better in women than in men [14].

The biological mechanisms underlying nociception 
influencing the clinical picture of pain experiences in 
women are listed in Table I [11, 15]. 

However, the still existing disproportions regarding 
sex and pain perception biases constitute a significant 
problem in modern pain medicine, which may lead to 
discriminatory actions [11]. A sex bias may influence 
communication regarding pain assessment and treat-
ment decisions in clinical practice. The study by Zhang 
et al. [16] showed that the intensity of pain in women 

was underestimated by observers compared to men,  
although the subjects reported the same subjective pain 
intensity. Observers also believed that women would 
benefit more from psychotherapy than from pharma-
cological treatments for pain relief. A review of research 
from 2000 to 2015 found that, compared to men, wom-
en are more likely to have to fight to have their pain 
seen as legitimate in clinical settings [17]. Their pain 
is perceived as more psychogenic, and rated as unre-
liable depending on their appearance (e.g. they look 
too good or don’t look good enough) [17]. In the case 
of acute pain, women in emergency departments were 
statistically significantly less likely to receive analgesic 
treatment, waited longer for an analgesic to be admini-
stered, and were less likely to receive opioids compared 
to men reporting the same pain complaints [18]. Similar 
observations were made with regard to postoperative 
pain, with women reporting higher postoperative pain 
intensity than men but receiving lower doses of anal-
gesics than men in more than half of the studies re-
viewed [19]. Women treated for chronic pain receive 
more referrals for psychological treatment, less opioid 
analgesics and more antidepressants compared to men 
in the same clinical setting [17]. 

Conclusions 

Experimental and clinical studies indicate that there 
are significant differences in the perception of pain de-
pending on biological sex, which is important in the 
dia gnosis and treatment of pain. However, existing 
and relatively well-known biological differences cannot 
translate into prejudices, stereotypes and symptoms 
of discrimination against women in relation to the as-
sessment and underestimation of pain intensity, ne-
glect of the treatment of pain syndromes characteristic 
of women, for example dysmenorrhea or childbirth pain, 
and inadequate treatment of acute and chronic pain 
syndromes. The first step to counteracting sex bias is 

Table I. Mechanisms underlying nociception influencing the clinical picture of pain in women

Mechanisms underlying nociception in women

1.  Greater sensitivity to various pain stimuli was observed in women in experimental models in healthy volunteers,  
although the literature data are ambiguous and the differences between women and men were only moderate

2.  Higher intensity of temporal summation in women after repetitive pain stimuli, which is interpreted as facilitating  
the afferent noxious input, but at the same time, a higher degree of adaptation and habituation in relation to a given 
stimulus was observed in women 

3. Lower activity of pain-inhibiting systems
4. Less intense placebo effect in women
5. Higher intensity of the nocebo effect in women
6.  Women describe their pain as stronger, more extensive and longer lasting compared to the description of the same 

stimulus given to men
7.  Women more often use emotional descriptions of pain, which in practice means that men describe pain mainly 

quantitatively, while women describe it qualitatively
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to raise awareness of sex differences in clinical practice 
and at the level of society. 

Disclosures

Conflict of interest: The author declares no conflict of in-
terest.
Funding: No external funding.
Ethics approval: Not applicable.
Data availability: Not applicable.

References

1. Breivik H, Collett B, Ventafridda V, et al. Survey of chronic pain 
in Europe: prevalence, impact on daily life, and treatment. Eur 
J Pain 2006; 10: 287–333, DOI: 10.1016/j.ejpain.2005.06.009. 

2. Zimmer Z, Fraser K, Grol-Prokopczyk H, Zajacova A. A global 
study of  pain prevalence across 52 countries: examining  
the role of  country-level contextual factors. Pain 2022; 163: 
1740–1750, DOI: 10.1097/j.pain.0000000000002557. 

3. Gulati M, Dursun E, Vincent K, Watt FE. The influence of sex hor-
mones on musculoskeletal pain and osteoarthritis. Lancet Rheu-
matol 2023; 5: e225–e238, DOI: 10.1016/S2665-9913(23)00060-7.

4. Iacovides S, Avidon I, Baker FC. Does pain vary across the men-
strual cycle? A  review. Eur J Pain 2015; 19: 1389–1405, DOI: 
10.1002/ejp.714.

5. de Kruijf M, Stolk L, Zillikens MC, et al. Lower sex hormone lev-
els are associated with more chronic musculoskeletal pain in 
community-dwelling elderly women. Pain 2016; 157: 1425–1431, 
DOI: 10.1097/j.pain.0000000000000535.

6. Linnstaedt SD, Mauck MC, Son EY, et al. Peritraumatic 17 
β-estradiol levels influence chronic posttraumatic pain 
outcomes. Pain 2021; 162: 2909–2916, DOI: 10.1097/j.pain. 
0000000000002282.

7. Chen Q, Zhang W, Sadana N, Chen X. Estrogen receptors in 
pain modulation: cellular signaling. Biol Sex Differ 2021; 12: 
22, DOI: 10.1186/s13293-021-00364-5. 

8. Athnaiel O, Cantillo S, Paredes S, Knezevic NN. The role of sex 
hormones in pain-related conditions. Int J Mol Sci 2023; 24: 
1866, DOI: 10.3390/ijms24031866. 

9. Carvalho B, Granot M, Sultan P, et al. A longitudinal study to 
evaluate pregnancy-induced endogenous analgesia and pain 
modulation. Reg Anesth Pain Med 2016; 41: 175–180, DOI: 
10.1097/AAP.0000000000000359. 

10. Lenert ME, Avona A, Garner KM, et al. Sensory neurons, neuro-
immunity, and pain modulation by sex hormones. Endocrino-
logy 2021; 162: bqab109, DOI: 10.1210/endocr/bqab109.

11. Biological mechanisms underlying sex differences in pain – In-
ternational Association for the Study of Pain (IASP). Available 
at: iasp-pain.org.

12. Lopes DM, Malek N, Edye M, et al. Sex differences in periphe-
ral not central immune responses to pain-inducing injury. Sci 
Rep 2017; 7: 16460, DOI: 10.1038/s41598-017-16664-z.

13. Sorge RE, Mapplebeck JCS, Rosen S, et al. Different immune 
cells mediate mechanical pain hypersensitivity in male and 
female mice. Nat Neurosci 2015; 18: 1081–1083, DOI: 10.1038/
nn.4053.

14. Porreca F, Navratilova E, Hirman J, et al. Evaluation of  out-
comes of  calcitonin gene-related peptide (CGRP)-targeting 
therapies for acute and preventive migraine treatment based 
on patient sex. Cephalalgia 2024; 44: 3331024241238153, DOI: 
10.1177/03331024241238153.

15. Boerner KE, Fillingim RB, Mogil JS, Vincent K. Sex Differences 
in Pain. Pain 2018: Refresher Courses, 17th World Congress 
on Pain. Gold MS, Pogatzki-Zahn EM, Wallace MS (eds.). IASP 
Press, Washington 2018; 31–41.

16. Zhang L, Losin EAR, Ashar YK, et al. Gender biases in estima-
tion of others’ pain. J Pain 2021; 22: 1048–1059, DOI: 10.1016/ 
j.jpain.2021.03.001. 

17. Samulowitz A, Gremyr I, Eriksson E, Hensing G. “Brave men” 
and “emotional women”: a theory-guided literature review on 
gender bias in health care and gendered norms towards pa-
tients with chronic pain. Pain Res Manag 2018; 2018: 6358624, 
DOI: 10.1155/2018/6358624.

18. Chen EH, Shofer FS, Dean AJ, et al. Gender disparity in analge-
sic treatment of emergency department patients with acute 
abdominal pain. Acad Emerg Med 2008; 15: 414–418, DOI: 
10.1111/j.1553-2712.2008.00100.x.

19. Thurston KL, Zhang SJ, Wilbanks BA, et al. A systematic review 
of race, sex, and socioeconomic status differences in postop-
erative pain and pain management. J Perianesth Nurs 2023; 
38: 504–515. DOI: 10.1016/j.jopan.2022.09.004.


