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There are clear biological differences between men and 
women including in their anatomy and the function of many 
different body systems. How these differences can interact 
with mechanisms causing or maintaining pain has been an 
area of increasing interest over recent years.

Sex Steroid Hormones 

Sex steroids (estrogens, progestogens and androgens includ-

ing testosterone) are predominantly thought of in the context 
of reproduction. However, sex steroid receptors are distributed 
widely throughout the body and we are increasingly aware 
of the variety of different biological processes they influence. 
Although they do have a role on the developing fetus and in 

early life, a marked increase in circulating levels of estrogens 

and androgens occurs as puberty starts, and they remain high 
throughout reproductive/adult life before decreasing with age, 
particularly after menopause in women. 

Women have markedly higher levels of estrogens than 
men, whilst the inverse is true for androgens. However, both 
hormones are present in both sexes. Across a month (~28 
days) hormone levels fluctuate for women, with low levels of 
estrogens and progesterone during menstruation (periods), 
increasing estrogens towards ovulation (follicular phase) and 

high levels of both estrogens and progesterone after ovulation 
(luteal phase). Progesterone is present in men, but at levels 
similar to the follicular phase. It is important to remember 
that hormones are some of the most prescribed medications 
worldwide—in the form of contraceptives, hormone replace-

ment therapy and treatments for gynaecological, endocrine, 

dermatological and malignant conditions—and are often used 

continuously for many years, markedly altering circulating 

hormonal levels.

Effects of Sex Steroid Hormones on Pain

Hormones can exert an influence on pain in a variety of ways:

•  Altering sensitivity to pain by influencing pain processing 
pathways (e.g., descending modulation)

•  Altering biological processes associated with pain  
(e.g., inflammation)

•  Driving hormonally dependent pathologies  

(e.g., endometriosis)

•  Impacting on mood to alter the pain experience

The evidence supporting a menstrual cycle effect on sen-

sitivity to noxious stimuli in healthy women is inconclusive, 
with most well-designed studies suggesting a small effect 
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at most [1]. Given that the relationship between individual 
hormone levels and sensitivity to stimuli is much clearer, it 

is plausible that the pain-amplifying effects of one hormone 
are balanced out by pain-suppressing effects of another [2]. 

Estrogen is a key modulator of pain with a pain-suppress-

ing effect at higher concentrations (activating inhibitory 
pathways in the spinal cord) and pain-amplifying effect at 
lower concentrations. Increased estrogen levels have been 
found to protect against pain conditions like musculoskel-

etal [3] or chronic posttraumatic pain [4]. However, the latter 

effect seems only true for females and might even be the 
opposite for males with high body mass index [4]. The role of 

progesterone seems to be more pain-amplifying, although 
pregnancy (a time of very high estrogen and progesterone) 
is associated with a marked reduction in pain-sensitivity 

(“pregnancy-induced analgesia”). Testosterone, however, 
appears to be pain-reducing in both males and females; this 
may be at least in part due its effect on descending path-

ways that inhibit pain [2]. In women, the effect of circulating 
testosterone on responses to experimental pain is indepen-

dent of the menstrual cycle. In men with chronic pain and 

low hormone levels, treatment with testosterone reduced 

pain intensity [5]. Interestingly, menstrual cycle effects do 
seem more consistent in women with chronic pain, po-

tentially suggesting disruption of the balance between 
pain-amplifying and pain-suppressing mechanisms. Whilst 
hormones are commonly used as a treatment for gynaeco-

logical pain (period pain, pain associated with endometri-
osis/adenomyosis) it is well established that they can pre-

cipitate pain too, including headaches, migraine, vulval and 

joint pains. These symptoms occur in women treated with 

these formulations for non-painful conditions too (e.g., con-

traception and estrogen-sensitive tumours). Natural reduc-

tions in hormone levels as seen peri-/post-menopause are 

also associated with a change in pain. These relationships 

are complex, with some pains improving around this time, 
whilst others worsen and some commence in women who 

had previously been pain free. Better understanding of the 
underlying mechanisms will allow us to determine whether 

there is value in using hormone replacement therapy (HRT) 
as a treatment for these pains as has already been trialled in 
some conditions [2]. 

Qualitative Sex Differences in Pain Biology 

Research has recently shifted from documenting, and provid-

ing explanations for, quantitative sex differences in pain and 
analgesic sensitivity to examining the possibility that different 
genes, proteins (i.e., neuro- and immune-chemicals and their 
receptors), and even cell types might play a role in pain pro-

cessing in males and females. Via a comprehensive search 

of papers published as of January, 2024, at least 49 genes/
proteins have been implicated in chronic pain processing in 
male but not female rodents, and 35 genes/proteins have 
been implicated in female but not male rodents. The fact 
that the male list is considerably longer than the female list 
is almost certainly due to the biased history of using male 
research subjects in preclinical pain research [6]. This may in 

fact be the tip of the iceberg, since a number of recent tran-

scriptomics studies in rodents [e.g., 7] and humans [e.g., 8]—which 

examine gene expression of all genes in a tissue that are up- 
or down-regulated by pain—have detected large numbers of 
sex-dependently-expressed genes. Three particular sexual 
dimorphisms have been investigated in detail: 

Immune Cells 

Immune cells and pathways are well recognised to play key 

roles on pain transmission and the development of chronic 

pain. However, increasing evidence indicates that these cells 

and pathways are different between males and females (for 
reviews see [9-11]. Most notably, spinal microglia, purinergic 
receptors and brain-derived neurotrophic factor (BDNF) sig-

nalling are key mediators of chronic neuropathic and inflam-

matory pain in male, but not female, rodents. In contrast, in 
female mice chronic pain is dependent on infiltrating T cells 
of the adaptive immune system. Testosterone appears to be 
critical in the choice of microglia vs T-cell pathways in male 

and female rodents, respectively [12]. In addition to sex-specif-
ic role of immune cells and signalling pathways in the spinal 

cord, increasing evidence suggest that such dimorphisms 

may also occur periphery [13,14] and in the brain [15,16]. 
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Calcitonin Gene-Related Peptide 

Calcitonin gene-related peptide (CGRP) has long been  
implicated in the pathophysiology of migraine, a disorder 

with a notable sex dimorphism with 2–3-fold more females 
than males affected. Interestingly application of CGRP to the 
surface of the brain produces pain hypersensitivity in female, 
but not male, mice [17], and neuropathic pain is associated 

with higher CGRP and CGRP receptor expression in the brain 
of female compared with male rats [18]. Drugs acting at CGRP 

or its receptor have recently been approved for the treatment 
of migraine, and analysis of the clinical trial data suggest that 

these drugs are only effective in women [19]. 

Prolactin and its receptor. While prolactin is best known for its 
role in promoting lactation, increasing evidence indicated that 

prolactin signalling in primary afferents promotes nociceptor 
sensitization and pain in a female-selective fashion [20]. It has 

been proposed that the balance of expression of prolactin 
receptor isoforms may provide protection against pain under 

physiological conditions, and that disruption of the expression 
of isoforms may underlie increased risk for pain pathological 

states specifically for females. Thus, targeting of prolactin and 
its receptors may provide a novel mechanism to treat pain  

in women. 

Conclusion 

Overwhelming evidence supports a multitude of sex-specific 
biological mechanisms that underlie pain at both a physiolog-

ical and pathological level. Clinical data is already demonstrat-

ing that selective modulation of such mechanisms is more 

beneficial for one sex over another (e.g. CGRP modulators) and 
as such uncovering such mechanisms provides opportunities 

to identify sex-specific treatments for chronic pain. 

References

1.  Iacovides S, Avidon I, Baker FC. Does pain vary across the menstrual cycle? A review. Eur. J. Pain 2015; 19: 
1389-405.

2.  Gulati M, Dursun E, Vincent K, Watt FE. The influence of sex hormones on musculoskeletal pain and osteoar-
thritis. Lancet Rheumatol 2023; 5: e225-e38.

3.  de Kruijf M, Stolk L, Zillikens MC, et al. Lower sex hormone levels are associated with more chronic musculo-

skeletal pain in community-dwelling elderly women. Pain 2016; 157: 1425-31.

4.  Linnstaedt SD, Mauck MC, Son EY, et al. Peritraumatic 17β-estradiol levels influence chronic posttraumatic 
pain outcomes. Pain 2021; 162: 2909-16.

5.  Kato Y, Shigehara K, Kawaguchi S, Izumi K, Kadono Y, Mizokami A. EfÏcacy of testosterone replacement 
therapy on pain in hypogonadal men with chronic pain syndrome: a subanalysis of a prospective randomised 
controlled study in Japan (EARTH study). Andrologia 2020; 52: e13768.

6.  Mogil JS. Qualitative sex differences in pain processing: emerging evidence of a biased literature. Nat. Rev. 
Neurosci. 2020; 21: 353-65.

7.  Fiore NT, Yin Z, Guneykaya D, et al. Sex-specific transcriptome of spinal microglia in neuropathic pain due to 
peripheral nerve injury. Glia 2021; 70: 675-96.

8.  Ray PR, Shiers S, Caruso JP, et al. RNA profiling of human dorsal root ganglia reveals sex differences in mech-

anisms promoting neuropathic pain. Brain 2023; 146: 749-66.

9.  Gregus AM, Levine IS, Eddinger KA, Yaksh TL, Buczynski MW. Sex differences in neuroimmune and glial mech-

anisms of pain. Pain 2021; 162: 2186-200.

10.  Rosen S, Ham B, Mogil JS. Sex differences in neuroimmunity and pain. J Neurosci Res 2017; 95: 500-8.

11.  Mapplebeck JCS, Beggs S, Salter MW. Sex differences in pain: a tale of two immune cells. Pain 2016; 157 Suppl 
1: S2-s6.

12.  Sorge RE, Mapplebeck JCS, Rosen S, et al. Different immune cells mediate mechanical pain hypersensitivity 
in male and female mice. Nat. Neurosci. 2015; 18: 1081-3.

13.  Lopes DM, Malek N, Edye M, et al. Sex differences in peripheral not central immune responses to pain-induc-

ing injury. Sci. Rep. 2017; 7: 16460.

14.  Tawfik VL, Huck NA, Baca QJ, et al. Systematic immunophenotyping reveals sex-specific responses after 
painful injury in mice. Front. Immunol. 2020; 11: 1652.

15.  Michailidis V, Lidhar NK, Cho C, Martin LJ. Characterizing sex differences in depressive-like behavior and glial 
brain cell changes following peripheral nerve injury in mice. Front. Behav. Neurosci. 2021; 15: 758251.

16.  Boorman DC, Keay KA. Sex differences in morphine sensitivity are associated with differential glial expression 
in the brainstem of rats with neuropathic pain. J. Neurosci. Res. 2022; 100: 1890-907.

17.  Avona A, Burgos-Vega C, Burton MD, Akopian AN, Price TJ, Dussor G. Dural calcitonin gene-related peptide 
produces female-specific responses in rodent migraine models. Journal of  Neuroscience 2019; 39: 4323-31.

18.  Presto P, Mazzitelli M, Junell R, GrifÏn Z, Neugebauer V. Sex differences in pain along the neuraxis. Neuro-

pharmacology 2022; 210: 109030.

19.  Porreca F, Navratilova E, Hirman J, van den Brink AM, Lipton RB, Dodick DW. Evaluation of outcomes of calci-
tonin gene-related peptide (CGRP)-targeting therapies for acute and preventive migraine treatment based 
on patient sex. Cephalalgia 2024; 44: 1-10.

20.  Chen Y, Navratilova E, Dodick DW, Porreca F. An Emerging Role for Prolactin in Female-Selective Pain. Trends 
Neurosci 2020; 43: 635-48.


