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Sex differences in pain sensitivity; biologically determined or psychosocial? 

Women are suggested to be more pain sensitive than men across experimentally-induced 

and clinical pain tests (1-3). Several studies have highlighted important sex differences in animal 

pain behaviors that are biologically driven and are determined by genetics, immune mechanisms 

and hormones (4-6). Although the literature remains to be standardized, biological sex 

differences of pain exist that, indeed, contribute to the pain experience. However, in human 

studies, most sex differences in pain are limited to tests in measures of pain sensitivity and 

tolerance, the observed effect sizes are small, and the findings are variable across modalities and 

study context (7, 8). The trend is often in the direction of women demonstrating higher pain 

sensitivity than men. But, because evaluation and experience of pain are markedly influenced by 

social (11, 12) and developmental (2, 10, 13) factors as well as stereotypical gender roles 

(Walsh, Eccleston, & Keogh, 2017), there is an undeniable effect of these factors in human 

studies on sex differences. The affective and personality factors not only vary between the sexes, 

but are also a direct result of environmental and social stressors. Stress contributes to states of 

high vulnerability, hypervigilance to threats and fear of pain (14-17). Hence any sex differences 

in pain or in related psychosocial factors can affect men and women differently partly due to 

reproductive roles and to sociocultural roles and status. However, observed effects of sex 

differences in pain behavior in mice is often interpreted to represent biologically driven sex-

differences in human pain behaviour (Mogil & Bailey, 2010; Mogil et al., 2011; Shaefer, J.R., 

Khawaja, & Bavia, 2018).  

Pain research has yet to fully confront the complexity in human pain-related sex differences; 

hence, biology and psychosocial factors remain entangled in driving research on sex differences 
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in pain studies. Not only is the acknowledgement of psychosocial factors essential for the 

advancement of the science of sex differences in pain, but also for avoidance of inadvertent 

perpetuation of gender stereotypes. This review samples the influence of biological and 

psychological sex differences and their contribution to the perception of pain by men and 

women. Value is given to the neurobiological systems that influence and control pain perception 

through descending pathways that exert a top-down control on pain signals. Finally, this top-

down processing system is placed within a sociocultural context in which people are influenced 

by social norms that negate or conflate expressing and feeling pain. The harms of biological 

determinism and exclusion of those on the gender spectrum outside of the binary categories of 

man/woman are discussed as a function of the sex-gender correlation and stereotyping. 

 

We argue for a more comprehensive evaluation of inter-individual pain perception and treatment 

of chronic pain conditions. 

 

What is pain sensitivity?  

Defined by behavioural responses to pain, pain sensitivity is measured by pain threshold, pain 

tolerance and evoked responses. Pain modulatory processes have been defined by spatiotemporal 

dynamics of pain experience and are measured as temporal summation of pain, conditioned pain 

modulation (Fillingim, 2017), pain adaptation (Hashmi & Davis, 2008; 2009; & 2010), attention 

and expectation related pain modulation. Different modality tests for noxious pain include 

mechanical, electrical, thermal, ischaemic (Racine et al., 2012a,b; Ross et al., 2018), and 

chemical stimuli (Bartley & Fillingim, 2013); these tests are often assessed at different body sites 

with various pain and statistics measures (Racine et al., 2012a).  
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In relation to men, several studies claim to have found women to be the following: less tolerant 

of pain; reach threshold pain measures sooner; experience more discomfort and pain intensity; 

experience pain across more body sites; and have higher discrimination for pain stimuli (Berkley, 

1997; Rollman et al., 2004; Keogh, 2006; Mogil, 2012; Berkley & Fillingim, 2013; Bulls et al., 

2015; Fillingim, 2017). However, there is ample conflicting evidence for a ‘true’ sex difference 

within experimentally-induced pain research. The effect sizes are often marginal (Racine et al., 

2012a,b) and the magnitude of the sex difference varies across pain modalities and studies, with 

inconsistent claims of evidence for a sex difference (Racine et al., 2012b). Indeed, there is 

evidence to suggest that some men and women show differences in their sensitivity to pain, but, 

overall, the data clearly show that most human populations show an overlap in their sensitivity to 

pain. Hence, not all women are more sensitive to pain than men, and not all men are more 

tolerant of pain than women; the within-sex variability has not been appropriately emphasized 

(Hashmi & Davis, 2014), and the concept of gender is often misconstrued. 

 

Biological Sex vs. Socially Constructed Gender 

Sex and gender are often not distinguished and even used interchangeably in pain research. Sex 

refers to the biological categorization of humans on the basis of chromosomes, hormones, and 

reproductive organs; gender, on the other hand, is a socially constructed classification of humans 

that relies on exaggerating differences between males and females (Padavic & Reskin, 2002). 

In evolutionary terms, the distinct reproductive roles of the sexes place a selection pressure 

towards differentiation between men and women. The sum result of this selection pressure is the 

differentiation of physical and psychosocial features that ensure reproduction and position 

women and men to identify with maternal and paternal roles, respectively, to ensure survival of 
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the human offspring. The sexual biology of humans and its impact on reproduction has been used 

as the justification for the division of labour, and control mechanisms of social behaviors and 

societal functions by gender (Lorber, 2005; Meade, & Wiesner-Hanks, 2004; Padavic & Reskin, 

2002). Hence, traditionally, due to their disproportionately larger role in reproduction, women 

have been socialized to play a greater role in infant care than men (Meade, & Wiesner-Hanks, 

2004). Moreover, due to the difference in average physical strength between the sexes, the 

responsibility to lead, protect and defend the clan has been claimed by men (van Vugt & Ahuja, 

2011). Resultantly, social conventions exaggerate basic biological sex differences between men 

and women, and prescribe behaviours, traits, and labour suited to each of the two genders, while 

completely negating the concept of the gender spectrum or the existence of trans* or intersex 

individuals. This differentiation of the sexes along binary lines is the cornerstone of the social 

construction of gender, and the basis of social inequalities for women and those outside the 

gender binary (Butler, 2004). 

 

Influence of Biology on Sex Differences in Pain Sensitivity  

Research on sex differences in pain sensitivity demonstrates that nociceptive sensitivity can be 

influenced by genotype attributed to the female sex (Bartley & Fillingim, 2013). For example, as 

a result of the melanocortin-1 receptor gene mutation, red-haired women are more sensitive to 

thermal pain measures of hot and cold pain perception and tolerance (Liem et al., 2005). Young 

Han Chinese women with a single-nucleotide polymorphisms (SNPs) of the NTRK1 gene, 

involved in sensory and sympathetic neuronal survival, have a reduction in pain sensitivity (Li et 

al., 2018). Women being both a carrier of a group of inherited genes, CTCC, and a carrier of one 

of four tag-SNPs have lower pain sensitivity to mechanically-induced pain (Li et al., 2018). 
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Thus, genetic differences, or lack thereof, may contribute to the variability of pain measures 

reported by women in the sex differences literature (Serdarevic, Striley & Cottler, 2017).  

However, other biological explanations for sex differences in pain are more nuanced and 

require further deductive investigations. One such topic is difference in pain behavior related to 

hormones and is illustrated by early research in which transgender patients undergoing hormone 

replacement therapy had altered pain sensitivity (Aloisi et al., 2017). Thirty-three percent of 

male-to-female patients on testosterone blockers and estrogens developed painful conditions, 

such as musculoskeletal pain and headaches, whereas 62% of female-to-male patients reported 

improvement in previously diagnosed pain conditions (Aloisi et al., 2017). However, how the 

physical transition in these transgender patients contributed to this effect was not studied to 

describe the neurobiological changes occurring. Therefore, it cannot be concluded if these 

changes in pain sensitivity were driven by hormones alone. Indeed, testosterone has been 

suggested to have anti-nociceptive effects, whereas estrogen and progesterone have both been 

suggested to have indirect anti and pro-nociceptive effects (Bartley & Fillingim, 2013), but the 

effects of hormones on pain sensitivity are complex, having both pronociceptive or 

antinociceptive effects depending on experimental context (ref Zubieta 2006, Craft RM 20017).  

Since the menstrual cycle is linked with changes in stress levels, affective state, anxiety 

and mood, any observation of pain or affect behavior co-varying with hormones can be deemed 

as biological (Marrocco & McEwen, 2016). But, in interpreting these effects, the confounding 

effects of differences in pain-related fear, environmental stressors and other contextual effects 

should not be ignored. Hence, to conclude that hormonal effects on pain sensitivity are purely 

biological is unwarranted until we observe more robust evidence to support such a position.  
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Influence of Top-Down Mental Processes on Pain Sensitivity   

 Although pain literature studies the experience of pain by assessing the bottom-up pain 

input pathway during external pain stimulation trials, the influence of top-down mental processes 

on the experience of pain must be discussed and included. The normative view of pain 

processing theorizes that bottom-up pain input are sent to the brain as peripheral signals 

(Bushnell et al., 2013). Neuronal signals transduced by nociceptors indeed ascend through pain 

pathways to higher brain centers to be interpreted as pain signals. Among the main functions of 

the ascending systems, a primary one is to detect physical threats, to identify their locus on the 

body and to generate quick responses in order to ensure survival. This, however, is not the only 

function of pain, since the experience is tied to both actual and potential threats. Ultimately, pain 

is a signal for adjusting behavior and a fundamental instinct to protect the body from physical 

harm and to ensure survival.   

Pain pathways are unique in that nociceptive signals are regulated, controlled and 

modulated at several steps as the information ascends through the nerves and spinal cord to the 

brain. At each step, signals are processed and modulated through synaptic activity occurring in 

communicating structures that are interconnected through feedback loops. Information loops 

descending from supraspinal structures can both dampen nociceptive inputs or amplify them at 

the level of the spinal dorsal horn. The exact supraspinal systems and mental phenomenon that 

lead to these alterations are actively researched; there is ample evidence to suggest that 

contextual information processed in higher brain centers modify pain signals at the spinal level 

(citation). Whether these mechanisms operate differently between men and women because of 

differences because social context varies for men and women remains to be determined. For 

DNIC effect and conditioned pain modulation tests tested under controlled conditions, some 
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studies (Staud et al., 2003) have found differences (Frot, Feine, & Bushnell, 2004; Granot et al., 

2008) while others reported no effect (France & Suchowiecki, 1999; Lautenbacher, Kunz, 

Burkhardt, 2008; Martel, Wasan, & Edwards, 2013).  

 

 

A well-documented example of descending inhibition is aversive conditioning. It is a 

phenomenon in which prior learning is mediated through sub-cortical structures which modify 

associations between pain and noxious stimuli like objects or events (citation). These learned 

associations result in conditioned responses where innocuous stimuli significantly alter the 

experience of pain, previously evoked by the noxious event.  

Another type of descending inhibition results from prior learning of context (citation). 

Contextual learning of high-order associations occurs in super-ordinate cognitive frameworks in 

the form of ideas, concepts and beliefs (citation). These contextual priors are believed to be 

processed in multimodal systems such as the frontal parietal networks, cingulo-opercular 

networks and reward centers (citation). These systems have been shown to modify pain 

perception through their interactions with specific brain stem regions (citation). In turn, the latter 

systems exert an influence on spinal processing of pain through descending pathways. The 

subjective and intransitive (word choice?) aspects of pain are unsurprising since context is 

learned through direct experience and the level of threat detected is individually specific. An 

event interpreted as a stronger threat evokes greater pain. Viewed from this vantage point, an 

important aspect of the pain system is threat prediction (i.e. perception) which complements its 

role in threat detection (i.e. sensation; Hashmi, 2018). 

Need to add section on what is known about sex differences in pain modulation  
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Sociocultural Influences on Pain Perception – How is our perception of pain shaped? 

Pain sensitivity literature clearly demonstrates a trend towards women being more 

sensitive to pain across modalities, but the high variability in findings is also indicative of 

contextual factors and that the observations are not purely biological (Mogil, 2012; Racine et al., 

2012a).  

Interdisciplinary scholars have argued that experiences of pain are not exclusively physiological, 

but consist of a complex web of psychosocial conditioning through social mores, religious edicts 

and even nationalist propaganda (Harari, 2015; Kahneman, 2011). Harari (2015), for example, 

questioned the very nature of the human experience of pain by postulating that the self that 

experiences is distinct from the self that narrates. This narrating self – a product of a person’s 

sociocultural experiences and conditioning – takes over once the experience, including a 

physically painful one, ends (Harari, 2015). Hence, it is difficult to ascertain to what extent the 

experience of pain is purely physical or indeed biological rather than a complex psychosocial 

construct. 

Consequently, sociocultural factors need to be taken into account when considering pain 

sensitivity. As noted earlier, threat prediction and detection are integral to pain processing in 

humans. In social contexts with clear social hierarchies based on gender and racial identity (Kim 

et al., 2017), individuals belonging to less privileged identity groups such as women, trans*, and 

racial minorities are more fearful of, and vulnerable to, threats such as physical, emotional and 

psychological violence than those belonging to privileged groups (Hollander, 2001; Scott, 2003). 

Hence, due to a more vulnerable position in social hierarchy, women and minorities experience 

added stress, which is known to increase cortisol levels (citation).  
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One useful illustration of vulnerability is the strong link between, fear of pain, anxiety 

(Moore, Eccleston, & Keogh, 2013) and pain sensitivity. Pain catastrophizing is a multi-

dimensional construct comprised of rumination, helplessness, and pessimism; it is defined as a 

set of negative cognition and emotions associated to the belief that any experience with pain will 

result in worst outcomes (citation). Individuals’ variability on this scale is a strong determinant 

of high pain sensitivity. Literature demonstrates a determinant effect of sex on pain 

catastrophizing, with the general consensus that females are more likely to catastrophize in 

response to pain than men (citation). Differences in pain catastrophizing were observed only in 

the rumination and helplessness subscale (citation). Whether this effect is reproducible is unclear 

and the exact mechanism responsible for these gender-based differences in pain catastrophizing 

are yet to be thoroughly explored. Furthermore, catastrophizing is linked with conditioned pain 

modulation (citation). However, social learning models have suggested that individuals who 

develop a pain-schema comorbidly catastrophize about pain (Straub et al., 2009). In line with 

social learning theory, it was found that young girls and boys are socialized differently to express 

pain responses (citation). Subsequently, this establishes the development of a catastrophic 

orientation to pain (citation). 

Tehmina , can you make another point using the following material: 

High vulnerability due to social/societal factors is putatively a factor for chronic pains,  

Social vulnerability can also be a contributing factor to sex-differences in occurrence of 

chronic pain (Maurer et al., 2016). To illustrate, chronic pain sufferers share certain personality 

traits such as a tendency to exhibit high harm avoidance –characterized by fearfulness and 

sensitivity to criticism–and low self-directedness –low motivation and problems setting and 

maintaining recovery goals (Naylor et al., 2017). These traits are often associated with women 
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and racial minorities (Hollander, 2001; Massey, Charles, Lundy & Fischer, 2011; Scott, 2003). 

Furthermore, both catastrophizing pain (magnifying and ruminating) and diminished self-

efficacy result in fearful avoidance of pain, rather than learning to cope and adapt to the pain 

experience (Bartley & Fillingim, 2013). This creates a vicious cycle of fear, pain avoidance, and 

continual suffering for socially vulnerable individuals (Bartley & Fillingim, 2013).  

Tehimina: the connection between the last and subsequent points is missing, any help will 

be so useful.  

 In addition to the correlation between social vulnerability and the experience of pain, 

gender norms, although different cross-culturally (Nayak et al., 2000; Hobara, 2005; Alabas et 

al., 2013) prescribe gender-appropriate behaviour, including acceptable pain expression. Thus, 

for example, high masculinity scores are correlated with higher pressure pain thresholds and 

electrical pain tolerances (Alabas et al., 2012). Interestingly, high femininity scores are 

correlated with high pain sensitivity scores (Pool et al., 2007). This evidence of correlation 

between degree of masculinity or femininity and pain sensitivity is highly suggestive of the 

social construction of the gender binary characteristics associated with men/women such as 

strong/weak, protector/protected, fearless/fearful and so on (Connell, 2005; West & Zimmerman, 

1987).  

Indeed, patient-provider interaction studies demonstrate the internalization of binary 

gender roles. A study examining lay people’s opinions of chronic low back pain (CLBP) patients 

found that endorsement of gender stereotypes correlated to perceiving men with CLBP as less 

masculine and more feminine, and women with CLBP as having lost their feminine role as 

affectionate caretakers (Bernandes & Lima, 2010). Interestingly, women and men with CLBP 

were perceived as more similar to one another, suggesting a tendency to diminish both genders 
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on the basis of their loss of traits typically associated with their gender (Bernandes & Lima, 

2010). Furthermore, perception of the patient’s gender results in altered assessment of pain; 

studies of gender priming found that participants with masculine primes perceived all patients as 

less distressed than participants with feminine primes (Pronina & Rule, 2014).  

Human bodily experience evolves as a result of our development in society (Fausto-Sterling, 

2000), which suggests that the experience of pain is highly complex and can develop alongside 

our gender identification. The differentiation of masculine and feminine traits guides conceptions 

of emotional vulnerability that influence perceived pain sensitivity according to gender roles, 

such as the willingness to report pain, which in turn, influences pain tolerance and intensity 

(Quiton & Greenspan, 2007; Racine et al., 2012b about Pool et al., 2007).  

Recent studies are beginning to show a shift in gender roles in Western society (Gere & 

Helwig, 2012; Donnelly et al., 2015); more women are participating in sports that require pain 

resilience (Chalabaev et al., 2013) and pursue professions regardless of other commitments or 

health conditions (Gjerdingen et al., 2008). How these shifts are influencing the effects of 

psychosocial factors of pain perception and gender role on pain sensitivity remains to be 

explored. However, the gender binary appears to have substantial contribution to individual 

perception of pain. 

Sex Differences or Gender Differences? 

Unfortunately, sex is often not differentiated from gender in pain literature (Schiebinger & 

Stefanick, 2016; Clayton & Tannenbaum, 2016). This is problematic because not everyone 

relates to the gender identity socially ascribed to them based on their biological sex, and/or do 

not comply to the gender roles expected of them (Ferber et al., 2000; Clayton & Tannenbaum, 

2016; NIH Office of Research on Women’s Health, 2018). The degree to which an individual 
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conforms to or deviates from their assigned gender role can be considered to vary across a 

spectrum, as can the number of masculine or feminine traits that individuals endorse, manipulate, 

and/or transform (Ferber et al., 2000; Little, 2014; Clayton & Tannenbaum, 2016; NIH Office of 

Research on Women’s Health, 2018). As such, there exists a spectrum of sex identity, a spectrum 

of gender identity, and a spectrum of gender expression; the possibility for combinations of 

characteristics between these spectra resemble the large variability across categories of gender 

(Keogh, Cheng & Wang, 2018) and sex (Butler, 2004; Lorber, 2005). These spectra for gender 

and sex have not been normalized within Western society and discourse, primarily composed of 

binary systemic structures (Ferber et al., 2000; Clayton & Tannenbaum, 2016).  

Because gender binary beliefs are societally established as norms, this structure perpetuates 

stereotypes that an individual’s gender defines their role in society (Little, 2014; Padavic & 

Reskin, 2002). The implications for this are problematic as stereotypes restrict access to career 

and/or social opportunities for people who are considered to not ‘fit’ the societal norm. With 

respect to (intersectional) feminist theory (Davis, 2008; Van Herk, Smith, & Andrew, 2011) in 

career opportunities, this is the division between individuals who are privileged due to identities 

(white, cisgender male, upper-class, able-bodied, educated, etc.) that are defined as advantageous 

workers versus oppressed identities (i.e. people of colour, women, disabled, impoverished, 

uneducated, etc.). This preference is evident within the world of STEM (science, technology, 

engineering, mathematics) disciplines, exemplified by James Damore and his Google memo, 

wherein women are believed to be inherently incapable of working within this sector (Marsh & 

Scalas, 2011; Ertl, Luttenberger, & Paechter, 2017). The privilege that white, cisgender men 

enjoy in western cultures creates advantages that are closed to anyone falling outside this 
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particular identity group (Wratten, Eccleston, & Keogh, 2019). When dealing with questions of 

pain, the confounding effect of privilege based on gender and race cannot be discounted.  

Thus, stereotypical gender binaries unfairly limit access to career opportunities and maintain 

limits to what women (and other oppressed identities) can be expected to socially, financially, 

physically, emotionally, psychologically and cognitively achieve (Davis, 2008; Ferber et al., 

2000; Little, 2014). Additionally, the perception of being vulnerable owing to gender and race 

compounds the emotional toll a given situation may take on an individual – including their 

perception of real or imagined pain or threat of pain.  

 

Conclusion 

This review supports the conclusion that biological, psychological and sociocultural 

factors have a respectably large contribution to the construction of pain experience. The authors 

support previous research claiming that pain is not a hardwired response system and is, instead, a 

complicated network of threat perception and assessment with respect to learned behaviour 

(Bushnell et al., 1985; Hashmi & Davis, 2014; Melchior et al., 2016; Hashmi, 2018). Conformity 

to gender roles is suggested to contribute to shaping pain perception and experience, and sex 

differences cannot be isolated amongst the plethora of intersecting identities that contribute to 

individual pain experience. 
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