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Abstract  40 

Sex and gender are important variables in research but are inconsistently explored. The international 41 

PAINDIFF Network make thirteen recommendations for studying sex and gender as variables in pain 42 

research, which are applicable across the spectrum of biopsychosocial research.  Five universal 43 

recommendations apply to the majority of research studies: 1) Include males and females as standard 44 

practice, 2) Account for sex in randomization/counterbalancing and testing order, 3) Power for sex 45 

differences when sex is a primary experimental variable, 4) Include detailed reporting of experimental 46 

design and 5) Conduct sex disaggregated analysis and reporting. Three additional recommendations 47 

specifically for preclinical studies and five additional recommendations for human/clinical studies are 48 

included. Recommendations for stakeholders such as editors, reviewers, funding bodies and policy 49 

makers have also been developed. Wide adoption and implementation of these recommendations 50 

will reduce variability, improve reproducibility, and enhance translatability of research findings within 51 

and beyond the field of pain. 52 

 53 

Introduction  54 

There has been a rapid change in the approach of healthcare professionals towards more personalized 55 

health care over the past 10 years. This approach acknowledges that key health outcomes - morbidity, 56 

response to treatment, prognosis - are influenced by individual variability at the molecular, cellular, 57 

physiological, systems, psychological, and social levels. Increased awareness of the importance of sex 58 

and gender (see Box 1 for definitions) as key individual difference variables that contribute to health 59 

and disease, together with requirements of many funding agencies and encouragement from scientific 60 

journals 1-4, has resulted in profound increases in the number of studies investigating sex and/or 61 

gender differences across the biopsychosocial sciences. This welcome development has resulted in 62 

mounting evidence for differences in pathophysiology and experience of pain between and across 63 

sexes and genders (for recent reviews see5-12). At this time of rapid acceleration in the number and 64 

scope of studies in which sex and gender are incorporated as variables, the biopsychosocial research 65 

community must adopt consistent research approaches to maximize progress in this critically 66 

important area.  67 

Several guidelines and recommendations have been published in recent years calling for the inclusion 68 

of sex and/or gender as variables across various disciplines (for example see13-21). However, the vast 69 

majority have been of limited scope in that they focused on recommendations that pertain to either 70 

preclinical or human/clinical research but not both, have focused on specific aspects of experimental 71 

design, analysis and/or reporting (but rarely all three) or have not included data on current opinions 72 

and practices by researchers in the field. In this Perspective, we make recommendations on best 73 

practice methodological approaches for the inclusion, study and reporting of sex and gender as 74 

variables in preclinical and human/clinical pain research. We also provide recommendations for key 75 

stakeholders such as editors, reviewers, funding bodies and policy makers to ensure widespread 76 

recognition, acknowledgement and support of best practice in the field. 77 

Current recommendations for examining sex and gender differences in pain research 78 

The field of pain has been at the leading edge of research on sex and gender and in 2007, the 79 

International Association for the Study of Pain (IASP) Special Interest Group on Sex, Gender and Pain 80 

developed a consensus report for investigating sex and gender differences in pain and analgesia22. 81 

Although this has been a key resource, the uptake of these recommendations has been limited 23-25, 82 

and the landscape for studying sex and gender has expanded significantly since 2007. Accordingly, in 83 
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2024, the IASP Global Year awareness campaign was designated for “Sex and Gender Disparities in 84 

Pain” (see26-28 and 29 for associated publications). Several publications have recommended 85 

incorporating sex and gender as key factors in study design, including as potential covariates or 86 

variables to evaluate when statistical power permits6,25,30,31. However, despite these good efforts, 87 

these works have largely failed to provide guidelines on when and how to apply such considerations. 88 

Recently, Keogh and Boerner reported on five key challenges to incorporating sex and gender into 89 

pain research: conceptual impressions, research bias, binary limitations, challenges with integrating 90 

sex and gender, and moving from observation to advocacy and meaningful change32. Their work 91 

provided a valuable update, particularly for the clinical pain research community. However, several 92 

questions remain, as does the need to review and develop further guidelines to ensure best practice 93 

approaches for the inclusion and study of basic/preclinical, clinical and translational pain research.  94 

In the clinical domain, there is a need to move beyond an over-reliance on binary category comparison 95 

to fully understand how and why pain is impacted by sex and gender. Sex is typically regarded as a 96 

biological concept and gender as a socio-psychological concept (see Box 1), but they also overlap and 97 

can be considered as interacting factors. Little is known about the experience of pain in individuals 98 

with variations of sex traits, or those with diverse gender identities (e.g., transgender, gender fluid, 99 

non-binary), but emerging data suggests an important role of minority stressors, gender biases and 100 

unique experiences (e.g., pain associated with gender-affirming medical and social practices) on pain 101 

, and this necessitates further study 7,12,33,34.  Thus, guidance on how best to incorporate, analyse and 102 

report the diversity of sex and gender in human/clinical research is warranted. In preclinical studies 103 

that use laboratory animals, it is well-recognised that replication across laboratories is challenging, if 104 

not impossible in some cases35, despite the fact that quantitative and mechanistic sex differences in 105 

nociceptive and affective pain responses continue to be uncovered. 106 

To address these challenges, the PAINDIFF Network expert group was established and supported by 107 

ERA-NET NEURON, a Network of European Funding for Neuroscience Research (https://www.neuron-108 

eranet.eu ). The PAINDIFF Network comprised 32 individuals (16 female and 16 male) including early 109 

career, mid-career, and senior researchers, and patient advocates, from 22 institutions across 8 110 

countries.  Network members were invited to participate by the PAINDIFF lead investigators who are 111 

experienced pain researchers. Research expertise within the Network spans basic science, clinical and 112 

translational pain research. Several of the Network members were co-authors of the two previous 113 

publications regarding recommendations on the study of sex and gender in pain research22,32 [S.L, 114 

E.A.M, J.S.M., E.K. & K.E.B.]. The Network sought to make recommendations on methodological 115 

approaches for best practice in the study and reporting of sex and gender as variables in pain research 116 

(basic/preclinical and/or human/clinical research). The recommendations are broadly applicable 117 

across the spectrum of biopsychosocial research. Adoption and implementation of these 118 

recommendations could decrease the variability of findings and improve reproducibility between 119 

laboratories and clinical settings, thereby improving the translatability of research findings within and 120 

beyond pain, ultimately leading to better and more equitable treatment outcomes.  121 

 122 

Methodological approach to achieve recommendations and guidelines  123 

We developed recommendations and guidelines based on the findings from three methodological 124 

approaches: (i) a literature review on guidelines and recommendations for the inclusion and study of 125 

sex and gender differences in pain research, (ii) an international cross-sectional survey of pain 126 

researchers on current practices and opinions in the field, informed by the literature review, and (iii) 127 

https://www.neuron-eranet.eu/
https://www.neuron-eranet.eu/
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multi-disciplinary network meetings, discussion and consensus. Sex and gender were defined in 128 

accordance with international guidelines (see Box 1). 129 

 130 

Literature Review  131 

We conducted a literature review to examine current practice and guidelines for the study of sex and 132 

gender in preclinical and human/clinical research with a particular focus on pain. Manuscript titles 133 

were searched for the following terms (Sex OR Gender) AND Pain AND either Guidelines, 134 

Recommendations, Consensus, Experimental design, Method* OR Reporting. Databases (Pubmed, 135 

Google Scholar and Scopus), and abstracts screened for recommendations, challenges or guidelines. 136 

Searches took place over the period of March – December 2024, and July 2025, with no constraints 137 

applied to the date of publication.  138 

 139 

Cross-Sectional International Survey  140 

We launched a cross-sectional survey of international pain researchers via the Qualtrics survey 141 

platform on two occasions from 29th March to 22nd April 2024, and from 1st to 14th June 2024. Ethical 142 

approval was obtained from the University of Galway’s Research Ethics Committee (ID no. 143 

2024.01.013). The survey comprised 99 questions in the English language that examined current 144 

practice in, and opinion on, methodological approaches to the study of sex and gender as variables in 145 

preclinical pain research (non-human animals, cells or tissues) and human/clinical research (humans, 146 

and/ or cells, tissues or fluids derived from humans, e.g. iPSCs, biopsies, plasma etc.). The survey 147 

questions were informed by our review of the literature and discussion among PAINDIFF network 148 

members. Of the 99 questions, 38 addressed preclinical research, 43 addressed human/clinical 149 

research, and 18 questions were related to the demographics of the survey respondents, and 150 

perceived barriers and enablers of sex/gender research. Participants were invited to complete the 151 

preclinical and/or human/clinical arms of the survey, depending on their area(s) of research. The 152 

survey was advertised on the PAINDIFF website (https://www.paindiff.com/survey) and conveyed via 153 

European Pain Federation (EFIC) and International Association for the Study of Pain (IASP) 154 

communications channels, partner networks, and by word of mouth. Survey questions were a mix of 155 

multiple-choice and short-answer questions allowing free-text/open-ended responses (See survey 156 

questions in Supplementary Data S1).  157 

 158 

PAINDIFF Network Meetings 159 

The Network was launched in September 2023 during the EFIC Pain in Europe Congress in Budapest, 160 

Hungary with a hybrid meeting of the partners followed by a series of online subgroup meetings that 161 

focused on developing the survey questions. A half-day online meeting of the partners took place in 162 

January 2024 to review the potential survey questions and to plan the launch of the survey. After the 163 

initial survey was closed in April, a 2-day hybrid Network meeting took place in May 2024 in Galway, 164 

Ireland to discuss the results of the survey. Network members were invited to propose 165 

recommendations based on key findings and considerations and to contribute to refinement of draft 166 

recommendations. Based on the interim survey analysis, it was decided to relaunch the survey to 167 

capture more responses from geographically diverse populations. A subsequent hybrid meeting of the 168 

partners took place during the IASP World Pain Congress in August 2024 in Amsterdam, The 169 

Netherlands to discuss final survey results and achieve consensus on recommendations. The Chatham 170 

https://www.paindiff.com/survey
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House rule (https://www.chathamhouse.org/about-us/chatham-house-rule) was used to encourage 171 

open and free discussion and protect the anonymity of the attendees. Decisions were reached by 172 

consensus at each stage; for the network’s purpose, consensus was defined as assent of each PAINDIFF 173 

partner to wording and intent of the recommendation and disagreement of none36. Two weeks in 174 

advance of the August 2024 meeting, the draft recommendations generated at the May 2024 meeting 175 

were shared with network members via Sharepoint and email for the purpose of considering their 176 

inclusion and refinement. Each member was invited to propose written amendments in advance of 177 

the August meeting (as individuals) or at the meeting itself (in a collective setting). Written and verbal 178 

responses were addressed at the meeting and the Chair sought assent to inclusion and wording of 179 

each final recommendation. The final recommendation regarding the reporting and analysis of sex-180 

disaggregated data was agreed to by all only after detailed discussion of its value and consideration 181 

of several forms of wording. At no point was there disagreement or dissent that warranted voting. 182 

 183 

Statistical analysis and data reporting of the survey findings 184 

Quantitative analysis of survey data consisted of descriptive statistics of multiple-choice question 185 

responses (See Supplementary Table S1-S4). We also used Chi-square tests of independence to 186 

examine associations between participants’ survey responses and categorical variables, because all 187 

variables of interest were categorical. The analyses were carried out separately for two subsections of 188 

the dataset: the participants who completed the preclinical survey and those participants who 189 

completed the clinical survey. We used an inclusive approach so that participants who completed both 190 

surveys were included in each respective analysis. The analyses were conducted using the statistical 191 

programming language R (https://www.R-project.org/.), with Chi-square tests computed using the 192 

"jmv" package (https://cran.r-project.org/package=jmv). 193 

The associations between answers to each survey question and the following 6 factors were 194 

computed: (i) Survey completion status: Completed vs. Non-Completed; (ii) Principal investigator (PI) 195 

status: PI vs. Non-PI; (iii) Sex: Female vs. Male; iv) Gender: Men vs Women (it was not possible to 196 

perform an analysis of sex and gender beyond the binary of male/men and female/women due to the 197 

small number of individuals [sub-samples ranging from n = 1-4] in non-binary categories). However, 198 

data for all sex and gender categories are provided in Supplementary Tables S3 and S4); (v) Country 199 

income level: High-Income vs. Middle/Low-Income, as classified by the Wellcome37 (vi) Career stage: 200 

Graduate Student (e.g., MSc, PhD) vs. Early Career Researcher (<10 years since final degree, e.g., 201 

Postdoctoral Fellow, Independent Investigator) vs. Mid-Career Researcher (10–20 years since final 202 

degree) vs. Advanced Career Researcher (>20 years since final degree). Additionally, Chi-square tests 203 

of independence were used to assess differences in survey responses between participants who 204 

completed both surveys and those who completed only one survey. Due to the number of tests 205 

conducted, post-hoc corrections were applied using the Benjamini-Hochberg (BH) procedure. The BH 206 

procedure controls the false discovery rate, which is the expected proportion of false positives (Type 207 

I errors) among the significant results in multiple comparisons 38. Controlling Type I errors while 208 

allowing for the identification of potentially significant associations was prioritised. 209 

 Qualitative content analysis of the text responses was conducted, and coded by two investigators 210 

(F.S. and K.E.B.) into categories for each question39.  211 

 212 

Outcomes 213 

https://www.chathamhouse.org/about-us/chatham-house-rule
https://www.r-project.org/
https://cran.r-project.org/package=jmv
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The literature review identified 31 articles published between 1996 and 2025 relating to 214 

methodological approaches to the study of sex or gender in pain. Abstracts of all articles were scanned 215 

and  four manuscripts that included recommendations or guidelines were identified 22,30-32. Of these, 216 

only two articles proposed detailed recommendations and challenges for the study of both sex and 217 

gender differences in pain research22,32. The first, while very important and influential, is now over 17 218 

years old, whereas the latter focused mostly on conceptual challenges and pertained primarily to 219 

human/clinical research. Thus, there is a need for further guidelines and recommendations for all 220 

types of studies of pain, in animal models and humans, that consider present day needs and culture. 221 

The current survey was undertaken by 483 pain researchers across the world, with representation 222 

across sexes, genders, disciplines and career stages (see Figure 1 and Supplementary Table S1). 223 

Although most (60-90%) preclinical and human/clinical pain respondents consider sex as a variable in 224 

the design, analysis, reporting and interpretation of their studies, most human/clinical pain 225 

researchers (over 50%) rarely or never consider gender in these elements of their research (Figure 2; 226 

Supplementary Table S2). Analysis revealed that none of the associations between answers to each 227 

survey question and the 6 factors examined were found to be significant for any of the quantitative 228 

survey data. Free text/open-ended responses provided additional context and information on the 229 

practices of pain researchers concerning the incorporation of sex and gender in their studies, examples 230 

of which are provided in italics below and in Figure 3.  231 

The outcomes of the literature review and survey data informed the discussion of the Network group, 232 

which agreed by consensus a set of universal recommendations that could be applied to both 233 

preclinical and clinical research (described in list below and see Figure 4). Additional recommendations 234 

outside these that pertain specifically to either preclinical (PC1-3) or human/clinical (H/C1-5) research 235 

were also developed. 236 

 237 

1. Universal recommendations for both preclinical and human/clinical studies 238 

It is challenging to generate universal recommendations given that researchers need to consider what 239 

is appropriate within the context of their specific studies. For example, sex and/or gender 240 

considerations are dependent on the population, hypothesis and question(s) under study. With this in 241 

mind, we put forth five recommendations that pertain to the majority of studies and thus focus on sex 242 

rather than gender, because sex is relevant to both preclinical and human/clinical research, whereas 243 

gender is largely relevant only to human/clinical research. While acknowledging that there is a need 244 

for research specifically on variations of sex traits, the universal recommendations outlined below 245 

reflect the common use of the binary male vs. female in preclinical studies.  246 

 247 

Universal Recommendation 1: Include males and females as standard practice unless there is a valid 248 

reason not to do so. 249 

Although most (>75%) preclinical survey respondents consider sex as a variable in the design, analysis, 250 

reporting and interpretation of their research, only 40% of preclinical respondents include both males 251 

and females in the majority of their research (Figure 2; Supplementary Table S2), which is in line with 252 

recent meta-analyses in the field25,40. By comparison, most (68%) human/clinical researchers include 253 

both males and females in their research studies, however only 33% of human/clinical researchers  254 

always analyse for sex differences, consistent with published data25 (Figure 2; Supplementary Table 255 

S2). Thus, while recognising the importance of the study of sex as a variable in pain, most researchers 256 
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still do not routinely include this in their own practice. The most common reasons for not carrying out 257 

pain-related research in more than one sex included relevance to the research questions, lack of 258 

resources and small sample size (Figure 3). Preclinically, respondents often cited increased variability 259 

as a reason for not using females in their research, despite several studies demonstrating that data 260 

from female rodents are not more variable than data from males41-43. There are limited valid reasons 261 

for not including both males and females in research studies such as if the pain condition (e.g. vaginal 262 

or penile pain) or an underlying mechanism under investigation is relevant to only one sex. In studies 263 

where only one sex is used, the reason for doing so should be stated explicitly.  264 

 265 

Universal Recommendation 2: Account for sex in randomization/counterbalancing/testing order 266 

The experimental design of preclinical animal studies using both sexes is not standardised; a finding 267 

reflected in the survey responses. For example, 36% of survey respondents reported using both sexes 268 

in each study test session, batch, or cohort for behavioural experiments; 28% including one sex only 269 

in each test session/batch/cohort; 21% carrying out the study in one sex in the first instance 270 

(Supplementary Table S2 Q24). By comparison, most (58%) respondents to the human/clinical survey 271 

report including both male and female participants in each study test session/batch/cohort 272 

(Supplementary Table S2 Q24). Our recommendation for best practice is that where possible, 273 

preclinical and human/clinical studies should be designed such that males and females are tested in 274 

parallel within the same study (and within each batch or cohort for studies where there may be 275 

multiple batches or cohorts), and in a randomised or counter-balanced manner, to control for 276 

potential differential effects of variables (e.g. order of testing, time of day or year, different 277 

experimenters, training effects) on both sexes. This is particularly important for studies where the aim 278 

is to make direct statistical comparisons between males and females. We acknowledge that 279 

implementation of this recommendation may not be possible in all studies or all study types (e.g., 280 

epidemiological studies). In study types for which randomisation is possible but not employed, 281 

justification for why it was not employed should be provided.  282 

 283 

Universal Recommendation 3: Use adequately powered study design to detect sex differences when 284 

it is the primary experimental variable or when data suggest sex-specific effects  285 

Although most (62-74%) respondents to the PAINDIFF survey indicated that they sometimes or always 286 

consider sex differences when calculating sample size, preclinical pain researchers are more likely to 287 

power for sex differences (Supplementary Table S2 Q43) whereas human/clinical researchers are 288 

more likely to combine different sexes into the same group (Supplementary Table S2 Q79). We 289 

recommend that if the investigation of sex differences is the primary experimental aim, or where prior 290 

data suggest sex-specific effects, the study should be adequately powered to detect such 291 

differences/effects if they exist. However, it is not always necessary to power studies for sex 292 

differences (e.g. where this is not the primary experimental aim). In cases where the study of sex 293 

differences is not the primary experimental aim, both male and female sexes should nevertheless be 294 

included in the study design. Unless the aim is to specifically compare male vs female, those identifying 295 

as intersex, or who prefer not to identify, should not be excluded but rather should be included in the 296 

study and reported on (e.g., in tables, supplementary materials). Researchers are encouraged to 297 

consider conducting secondary analysis to assess sex as a variable and/or calculate the power required 298 

to inform experimental design for future studies that might pursue evaluation of sex differences 299 

(see18,44). 300 
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 301 

Universal Recommendation 4: Include detailed reporting of experimental design including sex of 302 

the experimenter when possible 303 

Given there is a wide variety of practices employed across and within research settings (see 304 

Supplementary Table S2), it is not possible to recommend a single standardised approach to 305 

experimental design with consideration of sex. However, it is recommended to record and report the 306 

following in sufficient detail to allow other researchers interested in sex as a variable to be able to 307 

replicate the experiment and/or collate data for pooled analyses: experimental design, environmental 308 

conditions, order of testing, and (when possible) the sex of the experimenter who interacted with the 309 

experimental subjects/participants. Increasing evidence indicates that the sex of the experimenter can 310 

influence pain responding and outcomes of experimental subjects/participants in both preclinical and 311 

human/clinical studies45-49. We recognise and acknowledge that some experimenters may be 312 

uncomfortable or unwilling to declare their sex. Thus, we recommend that authors consider such 313 

declarations, treat as optional, and the handling and storage of such data should comply with any 314 

relevant data protection/privacy regulations in force within the relevant jurisdiction. 315 

 316 

Universal Recommendation 5: Conduct sex-disaggregated analysis and reporting  317 

Although both sexes are commonly included in human/clinical pain research, the literature indicates 318 

that less than 20% of studies published in one of the leading pain journals (PAIN) over the period 2012 319 

to 2021 analysed for, or reported on, the effect of sex25. By comparison, data from the PAINDIFF survey 320 

indicate that 81% and 74% of respondents sometimes or always analyse and report on sex differences 321 

in their preclinical and human/clinical research respectively, which may mean that this practice in the 322 

field is changing. Sex-disaggregated analysis and reporting should be considered as standard, 323 

irrespective of whether the data are also presented as pooled across sex, or whether there are 324 

significant differences, and the raw sex-disaggregated data should be made available publicly. The 325 

analysis could take the form of inferential statistics to investigate both within- and between-sex 326 

effects (where this is a primary aim for which the experiment has been adequately powered). 327 

Alternatively, for more exploratory studies or those where the detection of sex effects is not the 328 

primary aim, the analysis could take the form of sample size/power calculations to inform the design 329 

of future studies aimed at investigating the effects of sex. 330 

 331 

Universal recommendations 1-5 apply to the inclusion and study of sex in preclinical research and sex 332 

and gender in human/clinical research.  333 

 334 

2. Recommendations for the inclusion and study of sex-specific to preclinical research 335 

(PC) 336 

PC Recommendation 1: Researchers should be aware of, and report on, the sex of the established 337 

cell lines, primary cells and tissues used in their research  338 

Although the majority of respondents to the PAINDIFF survey indicate that they sometimes or always 339 

consider the sex of organisms from which tissue samples arise, the majority rarely or never consider 340 

the sex of cell lines they use in their research (Supplementary Table S2 Q19-22). This sex omission and 341 

male bias in cell experiments is well recognised50 despite the authentication of cell line sex being 342 
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recommended or mandated by many funding agencies. Researchers should use cells and tissues from 343 

both sexes in their research and should consider assessing the impact of sex-linked genes on 344 

phenotype and functional responses.  345 

 346 

PC Recommendation 2: It is not always necessary to test for oestrous cycle stage   347 

Research exploring the impact of the oestrous cycle on sensory and affective pain responses, as well 348 

as the effectiveness of analgesics, remains limited. Findings are often inconsistent, varying according 349 

to the strain, experimental model, or mechanisms studied. Furthermore, some sex differences are 350 

known to be due to testosterone (e.g.51) and not oestrogen and thus examination of effects across 351 

oestrous cycle in such instances would not be relevant. Our survey data indicate that the majority of 352 

preclinical pain researchers either never or rarely assess or consider oestrous cycle in their studies 353 

citing various reasons (see Supplementary Table S2 Q30-33) with the most common themes being: (1) 354 

Oestrous cycle is not the focus of the research; (2) it has been already shown or expected that it has 355 

no/little effect; (3) the effect of sex in a pain model should be there regardless of phases; (4) only 356 

analyzed if observed variability in females is greater than males; (5) it increases stress of animals; (6) 357 

concern of equivalent testing in males. Decisions on whether to analyse for oestrous cycle should be 358 

informed by existing evidence, and may be dependent on the pain model, test/assay, and question 359 

under investigation. In cases where a lack of sex difference is observed in the primary outcome 360 

measure, it should be acknowledged that sex differences may only become apparent when females 361 

are in a particular stage of the oestrous cycle.  362 

PC Recommendation 3: Researchers should include detailed reporting on housing, environmental 363 
conditions and experimental design  364 

Expanding on Universal Recommendation 4, specific details should be considered and reported in 365 
preclinical research studies. Our survey data reveal a varied approach to housing, environmental 366 
conditions and testing order among preclinical pain research respondents (see Supplementary Table 367 
S2). The decision regarding these factors appears to be influenced by the experimental questions and 368 
the available human and infrastructural resources available. However, it was noted that researchers 369 
are more likely to behaviourally test each sex separately on different days or sequentially on the same 370 
day with males most commonly tested first (see Supplementary Table S2 Q23). The most common 371 
reason cited was the possible influence of pheromones and odours on experimental parameters 372 
between the sexes tested at the same time. As such, detailed reporting should include information on 373 
1) housing and environmental conditions (e.g., cage density, cage type, diet, age/weight of animal, 374 
presence and type of environmental enrichment, light cycle and lux in testing and holding rooms, 375 
humidity and temperature, if both sexes in same or different holding room/rack) and 2) experimental 376 
design (inclusion of both sexes in the same or different cohort/batches, control for age/weight, order 377 
and sequence of testing, time of day of testing/samples taken, randomisation and blinding).  378 

 379 

3. Recommendations for the inclusion and study of sex- and gender-specific to 380 

human/clinical research (H/C) 381 

H/C Recommendation 1: Ask for participants’ sex assigned at birth and self-identified gender. 382 

There is a substantial body of research acknowledging that there are both conceptual and operational 383 

differences between sex as a biological variable and gender as a socio-psychological variable. We 384 

recommend that researchers ask participants to report both their sex assigned at birth and also their 385 

gender identity as a way of acknowledging that these may not necessarily align. However, researchers 386 
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must also be acutely aware of barriers (including cultural, legal and religious) which may pose risks for 387 

researchers and participants in asking and answering these questions, and omission of this 388 

information should be justified.  389 

 390 

H/C Recommendation 2. Include a ‘prefer/choose not to say’ response option when asking about 391 

sex and gender. 392 

For the reasons outlined in recommendation 1, it is preferable to include a ‘prefer/choose not to say’ 393 

response option when asking about sex and gender’, except for studies where information on the sex 394 

and/or gender of each participant is essential to the aims of the study, or for health and safety reasons. 395 

In such studies, it should be made clear in the participant information and informed consent 396 

documents that participants will be required to declare their sex and/or gender, why this information 397 

is necessary in the study, and that they can choose not to participate in the study if they prefer not to 398 

declare their sex and/or gender.  399 

 400 

H/C recommendation 3. Include an open textbox response option to capture gender identity 401 

followed by a series of tick boxes to aid categorisation.  402 

Although the importance of being able to categorize respondents is evident, it is the case that 403 

concepts related to gender are changing rapidly and pre-existing categories may not capture some 404 

nuances in gender identity. The provision of an open text option takes account of this52. Engagement 405 

with lived experience consultants and community partners can provide a valuable resource for 406 

ensuring the use of current, appropriate terminology. Researchers may also consider whether other 407 

aspects of gender (e.g., gender expression, gender role orientation) may also be relevant to collect. 408 

 409 

H/C Recommendation 4. Report the number of people who hold diverse gender identities and, 410 

where possible and permitted, make the raw data accessible for further study (while ensuring 411 

anonymity). 412 

Increasing data suggests gender-diverse groups experience unique sources of pain (e.g., associated 413 

with gender affirming practices) and that pain must be considered in the context of minority stressors 414 

and sources of resilience 34,53. Although it may not be possible to conduct meaningful analysis of small 415 

numbers within a given gender-identity group in any individual study, researchers should, when 416 

possible and permitted, make their data available through a repository to facilitate data pooling across 417 

the research community. This may ultimately lead to a better understanding of pain experience in 418 

diverse groups. Researchers should consult available guidelines on the ethical conduct of research 419 

with gender-diverse populations (e.g.54). The decision on making such data widely accessible, together 420 

with data management and storage, should comply with any relevant data protection/privacy 421 

regulations in force within the relevant jurisdiction. 422 

 423 

H/C Recommendation 5. When possible, collect and report on sex-specific variables to allow 424 

disaggregated analysis by sex or gender to be better informed by hormonal status, rather than solely 425 

by age. 426 

Given the documented role of sex hormones in understanding sex/gender influences in pain, it is 427 

important to collect data on sex-specific variables such as menstrual cycle phase, puberty, use of 428 
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contraceptives, menopause status, or other hormone modifying/replacement treatment. However, it 429 

is acknowledged that there may be barriers (including cultural and religious, or questions of relevance) 430 

that may make it difficult for researchers and participants to ask and answer these questions. 431 

 432 

Table 1 provides a checklist of recommendations for researchers for the inclusion, study and 433 

transparent reporting of sex and/or gender in preclinical and human/clinical research. 434 

 435 

Discussion and Conclusion  436 

This paper presents a set of recommendations on methodological approaches for best practice study 437 

and reporting of sex and gender as variables in pain research, which are broadly applicable across the 438 

spectrum of biopsychosocial research. Informed by the literature and the survey of pain researchers 439 

on current practice and opinions, five universal recommendations that apply to both preclinical and 440 

human/clinical research were identified, with additional recommendations pertaining specifically to 441 

either preclinical or human/clinical research. Although the universal recommendations pertain to the 442 

inclusion and study of sex in both preclinical and clinical research, these recommendations also apply 443 

to the inclusion and study of gender in human/clinical research. There is increasing awareness of pain 444 

inequities in gender-diverse groups, and the relevance of gender on pain for all people beyond the 445 

impact of sex assigned at birth34,53,55. We advocate for further scientific attention to the role of gender 446 

and the integration of sex and gender research in pain, so that this field can move forward with respect 447 

to rigorous methodology and clear conclusions. Although the recommendations were developed 448 

through the lens of applicability to pain research, they align with those published for other 449 

disciplines15-17,56 and the National Institutes of Health Four Cs of Studying Sex to Strengthen Science57, 450 

and thus are widely applicable across the biopsychosocial sciences.  451 

We believe that widespread adoption and implementation of the proposed recommendations will 452 

reduce variability, facilitate reproducibility between research settings, and improve the translatability 453 

of research findings within and beyond the field of pain, leading to better outcomes for patients.  454 

However, we also acknowledge limitations relating to the low number of respondents to the survey 455 

from countries in Latin and South America and Africa, and that consensus was reached by open 456 

discussion rather than the use of a structured process such as Delphi. In addition to these 457 

recommendations, the results of the PAINDIFF survey (Supplementary Tables S2-4) provides a valuable 458 

resource for researchers. For some methodological aspects it was not possible to recommend a single 459 

standardised approach due to the wide variety of practices employed across and within research 460 

settings, and the paucity of compelling evidence in favour of one approach over another. However, 461 

the survey results we provide will enable readers to gain insight into various methodological 462 

approaches that are used internationally, and the extent to which these are used or favoured by the 463 

international pain research community. This will better equip readers to make informed decisions for 464 

their research.  465 

Our recommendations are of relevance to, and have implications for, multiple stakeholders, including 466 

researchers (both within and outside of the pain field), funding agencies, journal editors, 467 

governments, policymakers, patients and the public (Figure 5). Despite the challenges involved in 468 

undertaking such research, there must be widespread recognition, acknowledgement, and 469 

understanding by funding agencies, journal editors, journal and grant reviewers, regulatory 470 

authorities, institutional ethics committees, facilities management (animal and clinical), and 471 

researchers themselves, that greater resources are required to study sex and gender as variables in 472 
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pain research. This includes but is not limited to financial resources, infrastructural resources, time, 473 

and human resources. It is also important to recognise and acknowledge that there will be some 474 

research areas or questions where there is little or no rationale for the inclusion of multiple sexes or 475 

genders. There will also be studies where a comprehensive, fully powered investigation of the 476 

influence of sex or gender is not the primary aim of the study. However, males and females should be 477 

included as standard unless there is a valid reason not to do so, and researchers are encouraged to 478 

consider conducting secondary analysis to assess sex/gender as a variable and/or calculate the power 479 

required to inform experimental design for future studies that might pursue evaluation of the 480 

influence of sex/gender. Encouragingly, eight of the key pain journals (including PAIN, The Journal of 481 

Pain and European Journal of Pain) have agreed to improve the practice of ensuring diverse 482 

representation across scientific pain work1,4,58,59. 483 

In conclusion, the work described herein provides a novel, impactful, expert-led methodological 484 

framework and recommendations for studying and reporting sex and gender as variables in preclinical, 485 

clinical and translational pain research in a manner that should decrease variability of findings and 486 

improve reproducibility between laboratories and research settings. Furthermore, much of the 487 

content and recommendations have general relevance beyond pain research, to other areas of 488 

biomedical and psychological research in which sex and gender are studied as variables. 489 

 490 

 491 
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Figure Legends 503 

Figure 1: Demographics of the PAINDIFF Survey participants (n = 483).  Data were collected on sex, 504 

gender, primary place of work, country in which institution is situated, career stage, if principal 505 

investigator, and primary research area. See Supplementary Table 1 for breakdown of demographics 506 

for those that completed the preclinical, human/clinical or both arms of the survey.  507 

Figure 2: Opinions and practice on the inclusion and study of sex and/or gender in preclinical and 508 

human/clinical pain research. Data depicts % of responses for each question. See Supplementary 509 

Table 2 for full data set.   510 

 511 

Figure 3: The concerns and barriers that may prevent researchers from conducting sex and/or 512 

gender studies and analysis (Q94) presented for (a) all respondents and those that completed the (b) 513 

preclinical and (c) human/clinical surveys. 514 

Qualitative Survey: The most common themes for researchers not always carrying out pain-related 515 
research in more than one sex or gender differ for preclinical and human/clinical research  516 
Most  common themes for not using both sexes in preclinical research  517 

 Lack of time, money, personnel, space for animal housing, or other resources  518 

 The condition or the effect of interest is present in only one sex  519 

 Proof of concept or Pilot-experiments  520 

 Previous work showing no sex differences  521 

 Females are easier/more difficult to handle 522 
 523 

Most common themes for not using more than one sex in human/clinical research) 524 

 The condition is much more prevalent in one sex 525 

 Sex differences are not the focus of the research 526 

 Lack of funding, time or participants availability to allow for an adequate sample size 527 

 Intersex sample size is too small  528 
 529 

Most common themes for not examining gender in human/clinical research  530 

 The condition is much more prevalent in one gender or gender is not the focus of the 531 
research 532 

 Lack of clear definitions/standards/guidelines on distinction between sex and gender  533 

 Sample size too small for categories other than men and women 534 

 Patients not understanding the difference between sex/gender or reluctant to declare their 535 
gender 536 

 Not, or not easily, permitted from the state/institution/culture 537 
 538 

Figure 4: PAINDIFF recommendations for the inclusion and study of sex and gender in research.  539 

Figure 5: Recommendations for key stakeholders including researchers, journal editors and 540 

reviewers, funders, policy makers, societies, public bodies and patients to ensure that the 541 

importance of including and studying sex and gender in research is acknowledged, funded and 542 

supported.  543 

  544 
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Table 1: Checklist of recommendations for the inclusion and study of sex and gender in preclinical 545 

(PC) and human/clinical (H/C) research 546 

# Recommendation Preclinical Human/Clinical 

Universal    
1 Males and females included    

2 Sex accounted for in randomization/ 
counterbalancing/ testing order  

  

3 Study powered for sex differences (not always 
necessary) 

  

4 Detailed reporting of experimental design, including 
sex of experimenter (when possible) included 

  

5a Sex-disaggregated analysis conduced   

5b Sex-disaggregated data reported   

    

PC1 Sex of the cells and/or tissues identified   

PC2 Oestrous cycle stage accounted for (not always 
necessary) 

  

PC3 Detailed reporting on housing and environmental 
conditions included 

  

    

H/C1a Participant’s sex assigned at birth included in 
demographics 

  

H/C1b Participant’s self-identified gender included in 
demographics 

  

H/C2 “Prefer/choose not to say” response option included   

H/C3 Textbox response option to capture subjective 
individual identity included in demographics 

  

H/C4 Number of people who are gender diverse reported   

H/C5 Sex and gender specific variables collected and 
reported 

  

 547 

 548 

  549 
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 550 

Box 1: Definitions and Terminology related to Sex and Gender 551 

The definitions and terminology related to Sex and Gender used in this manuscript are derived from 552 

multiple resources (see 60-62).  553 

Sex is a biological construct that refers to the reproductive anatomy, chromosomes and physiology, 554 

genetics, and hormonal levels and function associated with being genetically or phenotypically  male 555 

or female. This term is used for both human and non-human animals and is generally referred to as a 556 

male-female binary, though there can be significant variation in the anatomical and physiological 557 

presentation within each sex category. Genotypic sex refers to the sex chromosomes (i.e., XX, XY, or 558 

another variation) that influence sex development, whereas phenotypic sex is the expression of sex 559 

through reproductive organs, genitalia, and secondary sex characteristics. In humans, sex assigned at 560 

birth refers to the designation of sex at birth, generally determined on inspection of visible genitalia. 561 

Intersex (also referred to as differences of sex development or variations of sex traits) refers to 562 

humans who are born with sex characteristics that are outside of what is generally assigned as male 563 

or female anatomy.  This may be related to genetic variations but can also be influenced by hormonal 564 

or other factors.  Non-human animals that produce both male and female gametes are referred to as 565 

hermaphrodites. 566 

Gender is a psychosocial construct that refers to characteristics, attitudes, attributes, behaviours, 567 

identities, norms, and expectations that are associated with certain sex traits. This commonly includes 568 

gender identity, which is a person’s felt sense of their own internal gender (or lack thereof), which 569 

may or may not align with their sex assigned at birth. If an individual’s gender identity matches their 570 

sex assigned at birth, they may be referred to as cisgender, and if their gender identity does not match 571 

their sex assigned at birth, they are referred to as transgender or gender-diverse (note: many 572 

individuals, including those with non-binary gender identity, may have a gender that does not match 573 

their sex assigned at birth but not identify with the term transgender).  Gender expression is how an 574 

individual shares or communicates their gender to others through behaviours, mannerisms, 575 

appearance, clothing, social roles, etc., which may or may not align with their gender identity. Gender 576 

roles, norms and relations refer to the societal and cultural expectations of how an individual should 577 

act on account of their gender and can be described in relation to levels of power and privilege 578 

conferred on the basis of gender. While often described in relation to a woman-man binary, gender is 579 

increasingly recognized as encompassing a broad spectrum of identities and expressions. 580 

 581 

 582 
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Studies

Interventional 
Clinical Studies/

Trials
Neuroimaging Neuromodulation

33.5% 15.5% 5.8% 8.7% 3.7% 1.2%

Psychology/
Psychiatry and 
Mental Health

10.4%

Epidemiology/
Population 

Health

3.3%

Public 
Patient 

Involvement

 1.2%

    Other

 5.4%

Rehabilitation

9.5%

Surgery

 1.7%

Are you a Principal Investigator 
leading your own research team?

YES
55.5%

NO
44.5%

NumberSurvey Respondents
Total

Preclinical

Human/Clinical

Both Survey Arms

483

160

293

30

Demographics of the PAINDIFF Survey Participants

56.5% 0.2% 0.2%43.1%

Sex

Male Female Intersex
Prefer not
 to say

42.7% 55.3% 0.8% 0.2%

Gender

1%

Man Woman
Non-

Binary
Prefer not
 to identify

Not Listed 
Above







Human/C
lin

ic
al
P

reclinical

lasrevinU

Collect sex-specific 
variables to allow 
further analysis

Report number 
of diverse gender 

identities

Include males 
and females

Account for 
sex in 

randomization

Report 
experimental 

design in detail

Conduct sex-
specific analysis & 

reporting

Include participant sex 
and self-identified gender

Oestrous cycle 
testing not always 

necessary Include "choose 
not to say" option

Report sex of cell lines, 
primary cells and tissue

Text box to 
capture gender 

identity

P

Power for sex 
difference if 
primary aim

Report details on 
housing and 

environmental 
conditions

Ovulation

Menstruation Luteal phaseFollicular phase

Day

Menstrual phase Proliferative phase Secretory phase Premenstrual 
phase

0 4 14 26 28

Uterine Cycle

Primary 
follicle

Secondary 
follicle

Mature 
follicle

Corpus 
luteum

Corpus 
albicans

Developing 
corpus luteum

Tertiary 
follicle

Ruptured 
follicle

1.

2.

3.
4.

5.

1.

2.

3.

1.

2.

3.

4.5.
Text

PAINDIFF
Recommendations



● Consider sex and/or gender in  
research hypothesis, aim & design

● Report detail on study design and 
methodology 

● Report data (and analyse if 
possible) in sex/gender-
disaggregated manner

● Discuss implications of sex and 
gender effects 

srehcraeseR
sr

oti
dE lanruoJ

sr
ewei

veR dna 

● Adopt sex and gender equality in 
research guidelines

● Ensure all sexes/genders included or 
adequate justification provided

● Ensure data reported (and possibly 
analysed) in sex/gender 
disaggregated manner

● Ensure sex/gender implications  
considered and discussed

Care, D
eli

ve
ry

 

and P
olic

y

● Policy to be informed by sex and 
gender research

● Societies to advocate for sex and 
gender research and funding

● Ensure public and patient 
involvement in research 

● Deliver research-informed care for all

Stakeholder 
Recommendations

Funders● Incorporate sex and gender 
inclusion policy 

● Acknowledge sex and gender 
research requires additional 
resources 

● Allocate additional funding to sex 
and gender in research 
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