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Abstract
Introduction: Sex differences have been recognized as significant influences on disease suceptibility and progression. 
Objectives: This study aimed to assess sex differences in pain prevalence using 2 large and diverse US data sources, All of Us and 
Epic Cosmos.
Methods: Pain concepts, labels used to describe type, chronicity, and body locations in electronic health records, were identified 
from 254,639 individuals in All of Us and 292,549,808 in Epic Cosmos data. Prevalence ratios (PRs) and 95% confidence intervals 
comparing the prevalence between females and males were computed to determine sex differences in each pain concept, in each 
data set. Ratios .1 and ,1 denoted higher prevalence among females and males, respectively.
Results: The search yielded 195 pain concepts available in both All of Us and Epic Cosmos. Of these, 72.9% in All of Us and 82.6% 
in Epic Cosmos showed higher prevalence among females. Higher prevalence among men was observed in 8.9% (All of Us) and 
13.3% (Epic Cosmos) of pain concepts, mainly involving the chest, lower limbs, and inguinal region. Between 4.1% and 18.2% of 
the concepts did not show evidence of differences in prevalence by sex. Only one conditions displayed opposing direction in PRs, 
possibly due to differences in sample composition and/or variation in clinical assignment criteria for pain concepts.
Conclusion: Higher pain prevalence among females in the United States was observed for most pain concepts in 2 large and diverse 
databases. These results underscore the importance of pain research, prevention, and management approaches stratified by sex.
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1. Introduction

Pain is a multifaceted, subjective experience influenced by 
sensory, emotional, cognitive, and social factors. 54 Evidence 
has increasingly highlighted the impact of sex differences on the 
perception, experience, and burden of pain. 36

Sex is considered a biological variable and generally categorizes 
individuals in females and males. 33 Therefore, sex differences can 
be attributed to biological characteristics, typically based on 
chromosomal composition, gene expression, and hormonal

profiles. 33 They can be accompanied by differences in physical 
and phenotypic traits, such as external anatomy, genital structures, 
and other morphological characteristics. Sex significantly influen-
ces disease susceptibility, manifestation, and progression, which 
highlights the importance of incorporating these factors into health 
research, disease prevention, and treatment management. 34,48,69

Historically, preclinical and clinical research have predominantly 
focused on male sex, often under the assumption that findings could
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be generalizable to all. 48,54 However, recent advancements and 
inclusion of females in research have demonstrated notable sex-
based differences such as in responses to pain management 
strategies, pain modulatory pathways, effectiveness of pain 
interventions, analgesic efficacy, drug pharmacokinetics, and 
pharmacodynamics. 36,55,56,70,71,77 For example, between 1997 
and 2000, 80% of drugs withdrawn from the US market were due 
to adverse effects observed in females, not predicted in male-
dominant trials. 40 Such findings underscore the need to better 
understand sex-specific factors that drive pain risk and prognosis.

The mechanisms underlying sex-specific differences in pain are 
complex and multifactorial, including genetic programming, varia-
tions in pain processing, neuroimmune, inhibitory and excitatory 
pathways, hormonal influence, and psychosocial and cultural factors 
(associated with gender), among others. 2,17,48,54,64,65,69,78 Sex-
related differences in pain start to emerge during puberty, fluctuate 
throughout menstrual cycles, and drastically shift after menopause, 
underscoring the influence of gonadal hormones on pain sensitiv-
ity. 16,19,41,86 For example, although testosterone is associated with 
increased pain thresholds in males, estrogen has variable effects on 
pain sensitivity in females, producing antinociceptive and enhancing 
effects depending on context. 2,16 Moreover, sex-specific differences 
in immune system activity—which further contribute to pain—are 
thought to be mediated at least in part by gonadal hormones. 2,65

Studies of sex differences in pain have documented a higher 
female prevalence in several chronic pain conditions, 36,54 in-
cluding autoimmune diseases, 48 headaches, 9,10,13,69 temporo-
mandibular disorders, 69 irritable bowel syndrome, 37 and 
fibromyalgia, 91 among others. 84 Moderate to large effect sizes 
have also been reported for sex-based differences in pain 
intensity and interference. 66 Furthermore, females often experi-
ence pain in more bodily locations 28 and have higher prevalence 
of acute postoperative pain. 82,85 Conversely, males have a higher 
prevalence of conditions, such as oral cancers, 29,58 cluster 
headache, 21 coronary artery disease, 48,62 gout, 23 neurodegen-
erative disorders, 48 and periodontal disease. 22,69 Despite these 
findings, studies exploring sex differences in pain prevalence 
according to specific body locations are scarce. 59 Moreover, 
previous epidemiological studies on sex differences in pain have 
been subject to selection bias, limited ethnic and racial variability, 
limited specific geographic populations, or relatively small sample 
sizes, all of which restrict the generalizability of findings. 91

To overcome these limitations, this study leverages 2 large 
databases gathering data from millions of individuals across the 
United States, which specifically include historically underrepre-
sented individuals (All of Us and Epic Cosmos). In large-scale 
electronic health record (EHR) databases such as All of Us and Epic 
Cosmos, clinical information is captured using standardized 
terminologies, which classifies medical concepts into structured 
entries known as concepts. These coded concepts may include 
symptoms, clinical findings, or diagnoses. Therefore, the aim of this 
study was to explore sex differences in the prevalence of pain 
concepts, according to their location and chronicity using All of Us 
and Epic Cosmos data. We hypothesized that there were distinct 
patterns of pain prevalence based on sex. The presence of sex 
difference in pain prevalence and treatment response has practical 
implications for patient diagnosis, prevention, and management. 48 

These findings will contribute to the development of more targeted 
and effective strategies accounting for sex-specific insights. 27,54,78

2. Methods

This observational study was conducted following the Strength-
ening the Reporting of Observational Studies in Epidemiology

(STROBE) guidelines to ensure rigorous and standardized 
reporting. 87 The study was considered exempt from institutional 
review board review, as it did not meet the regulatory definition of 
human subjects research (45 CFR 46.102). This exemption was 
granted due to the use of deidentified, aggregate-level data, 
which eliminated any direct interaction with human subjects or 
the use of identifiable private data.

2.1. Study design

This was a secondary data analysis of publicly available data 
conducted over a two-month period, between April and May 
2024 and covered the period from the inception of the database 
to 2024.

2.2. Setting

The All of Us Research Program, launched in May 2018, 61 is an 
initiative led by the National Institutes of Health, which gathers 
deidentified data from more than 1 million participants across the 
United States, aiming to foster more diverse medical re-
search. 46,61,67 At the time of this study, All of Us contained 
genomics data, physical measurements, “Fitbit” tracking, EHR 
(which include health conditions, drug prescriptions, laboratory 
measurements, and procedures), and survey responses (in-
cluding demographics, overall health, lifestyle, healthcare utiliza-
tion, family health history, COVID-19, and social determinants of 
health) (https://databrowser.researchallofus.org). The Cosmos 
research program, managed by the Epic corporation (Verona, 
WI), is a large integrated EHR platform. 81 Epic Cosmos 
aggregates EHR data from millions of patients across multiple 
sites and healthcare systems that use Epic. Data have been 
prospectively collected since 2018, although data have also been 
retrospectively added from 2005. 81 The Epic Cosmos database is 
deidentified and provides access to information such as de-
mographics, encounter details, diagnoses, social and family 
history, procedures, drug prescriptions, allergies, vital signs, 
laboratory measurements, insurance information, and social 
determinants of heath. 81 Researchers affiliated with healthcare 
systems contributing data to Epic Cosmos can freely query the 
database through a web application. 81 At the time of this study, 
Epic Cosmos included data from all 50 states in the United States, 
with a total of 219 participating healthcare systems, representing 
1,591 hospitals and 36,300 clinics. 52

2.3. Database search and participants

The search included female and male participants with a noncancer 
pain concept, with no age restriction. We conducted database 
searches within All of Us Research Program using the EHR data 
feature on the data browser, which provides freely accessible 
aggregate-level data. Pain concepts across various body locations 
and chronicity (acute vs chronic) were identified individually in the 
“EHR Conditions” section (https://databrowser.researchallofus.org/ 
ehr/conditions), which—at the time of the search—covered 
a comprehensive list of 25,638 health conditions. To reflect pain 
concept use in EHRs, we retained all labels in their original form, 
despite any anatomical or semantic redundancy. For each pain 
concept, Systemized Nomenclature of Medicine (SNOMED) labels 
were documented. To cross-check findings, we then queried the 
corresponding pain concepts in the Epic Cosmos database (https:// 
cosmos.epichosted.com/EpicCareLink_AUTH/common/epic_ 
main.asp) using the “SlicerDicer Explore” feature. Each pain concept 
was browsed in the “Patient Population” section of Epic Cosmos.
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At the time of data extraction, the All of Us Research Program 
contained deidentified EHR data for 254,639 total participants, 
whereas Epic Cosmos included records for 292,549,808 partic-
ipants (Fig. 1). However, we included female (All of Us n 5 154,454; 
Epic Cosmos n 5 27,169,438) and male (All of Us n 5 95,083; Epic 
Cosmos n 5 19,297,460) participants only (details below), for a total 
of 249,537 in All of Us and 46,466,898 in Epic Cosmos.

2.4. Variables by data source

For each pain concept, we extracted the raw count of participants 
categorized as female and male based on the “sex assigned at 
birth” variable in both databases. In the All of Us Research 
Program, these data were extracted through the data browser 
dashboard; in Epic Cosmos, it was extracted through the “Patient 
Demographics” slice. The All of Us database also includes 
“Other” category for sex assigned at birth, and Epic Cosmos 
contains additional categories such as “Choose not to disclose,” 
“Not recorded on birth certificate,” “Uncertain,” and “Unknown.” 
These categories were excluded from our analysis to ensure 
a consistent comparison across both databases.

To protect participant privacy, the All of Us Research Program and 
Epic Cosmos do not provide raw counts for EHR concepts with fewer 
than 20 1 and 11 81 participants, respectively. Thus, we excluded pain 
concepts with participant counts below these thresholds from our 
analysis to ensure that sample sizes could be precisely calculated 
(Supplemental Table 1, http://links.lww.com/PR9/A361).

2.5. Pain chronicity

Twenty-five of the pain concepts from each data source had 
details on chronicity in that they were specifically labelled as

“acute” or “chronic” (as used in original pain concepts, assigned 
to individuals based on clinical discretion). Pain concepts in All of 
Us and Epic Cosmos are included in Supplemental Tables 2 and 
3, http://links.lww.com/PR9/A361—some of them are labeled as 
“acute” or “chronic.”

2.6. Statistical analyses

For selected EHR pain concepts in each database, we calculated 
sex-specific prevalence by determining the proportion of 
participants reporting that pain concept relative to the total 
number of participants contained in the database for females and 
males separately. For each data source, we estimated preva-
lence ratios (PRs) between female and male proportions with 
each pain concept, along with the corresponding 95% confi-
dence intervals (CI) using the OpenEpi TwobyTwo module 18 to 
determine if sex was associated with particular pain concepts in 
these data (ie, in our study “2 by 2 tables” were used to estimate 
the associations between sex and each pain concept from 
counts of subpopulations with and without the pain concept 
among females and males). A ratio .1 signified greater female 
prevalence; a ratio ,1 signified greater male prevalence, and 
a ratio 5 1 (or when the 95% CI contained 1) was interpreted as 
no evidence of difference in prevalence between females and 
males. Results from the 2 databases were then compared 
qualitatively.

3. Results

The flowchart of Figure 1 illustrates the total participants with 
EHR in All of Us and Epic Cosmos; age, sex, and race/ethnicity 
distributions by database are available in Table 1. Of 249,537

Figure 1. Flow chart diagram for inclusion of pain concepts. EHRs, electronic health records.
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female and male participants in All of Us, we identified 467 
distinctive pain concepts. After excluding those with ,20 
participants (n 5 253), a total of 214 pain concepts were included 
in the analysis. The concepts with the largest sample size (count 
of EHRs) included “pain” (n 5 201,240), “pain in limb” (n 5 
143,540), “musculoskeletal pain” (n 5 129,120), “joint pain” (n 5 
121,380), “pain in lower limb” (n 5 118,760), “abdominal pain” 
(n 5 102,640), “chest pain” (n 5 97,100), “backache” (n 5 
94,380), “pain in upper limb” (n 5 84,000), and “chronic pain” 
(n 5 80,720). Subsequently, we searched the 46,466,898 
participants in Epic Cosmos for the same 214 pain concepts 
included from All of Us, which yielded a total of 195 pain 
concepts.

3.1. Sex differences in pain prevalence in All of Us

Supplemental Table 2, http://links.lww.com/PR9/A361 shows 
sex-specific prevalence estimates and PRs for sex differences in 
prevalence for the 214 pain concepts extracted from All of Us. 
Most pain concepts (72.9%) were more prevalent among 
females, namely (in descending order of magnitude of estimated 
PRs) “pain of breast” (PR 5 1.59, 95% CI 1.58, 1.60), “perineal 
pain” (PR 5 1.48, 95% CI 1.45, 1.50), “pelvic and perineal pain” 
(PR 5 1.44, 95% CI 1.41, 1.47), “pain in pelvis” (PR 5 1.39, 95% 
CI 1.38, 1.40), “myofascial pain” (PR 5 1.35, 95% CI 1.32, 1.40), 
“myofascial pain syndrome” (PR 5 1.35, 95% CI 1.29, 1.41), and

“joint pain in the right and left hands” (PR 5 1.32, 95% CI 1.24, 
1.41). Conversely, a total of 19 pain concepts (8.9%) were more 
prevalent among males. In descending order, these were 
“vertebrogenic pain syndrome” (PR 5 0.46, 95% CI 0.36, 0.60), 
“chronic chest pain” (PR 5 0.65, 95% CI 0.55, 0.77), “phantom 
limb pain syndrome” (PR 5 0.65, 95% CI 0.56, 0.74), “pain of 
lower limb due to atherosclerosis” (PR 5 0.69, 95% CI 0.57, 
0.84), and “inguinal pain” (PR 5 0.77, 95% CI 0.70, 0.85). Finally, 
there was no evidence of sex differences in prevalence in 39 pain 
concepts (18.2%).

Among the 25 pain concepts with details on the chronicity, 
80.0% of the 10 acute pain concepts (including the 3 most 
common: “acute pain,” “acute postoperative pain,” and “acute 
low back pain”) and 66.7% of the 15 chronic pain concepts 
(including the 3 most common: “chronic pain,” “chronic pain 
syndrome,” and “chronic low back pain”) had higher prevalence 
among females (PRs ranging from 1.07 to 1.15 among the acute 
pain concepts, and PRs ranging from 1.09 to 1.27 among the 
chronic pain concepts).

3.2. Sex differences in pain prevalence in Epic Cosmos

Among the 195 pain concepts included in the analysis of Epic 
Cosmos (Supplemental Table 3, http://links.lww.com/PR9/ 
A361), 161 pain concepts (82.6%) were more prevalent among 
females, namely (in descending order of magnitude of estimated

Table 1

Summary of self-reported age, sex assigned at birth, race, and ethnicity by database.

Variable All of Us Epic cosmos

n 5 249,537 n 5 46,466,898

Categories % Categories %

Age (y) 18–44 30.5 ,18 17.0

45–64 36.5 18–29 14.9

$65 33.0 30–39 14.1

40–49 12.3

50–64 17.5

65–74 11.2

75–84 7.6

$85 y 5.4

Sex assigned at birth* Female 61.9 Female 58.5

Male 38.1 Male 41.5

Race Asian 2.8 American Indian or Alaska Native 0.9

Black or African American 20.3 Asian 4.3

White 53.6 Black or African American 13.9

Another single population 0.7 Native Hawaiian or Other Pacific Islander 0.5

More than 1 population 1.7 White 62.5

None indicated 18.1 Other Race 11.1

I prefer not to answer 0.6 None of the above 13.8

Skip 2.1

Ethnicity Hispanic or Latino 19.2 Hispanic or Latino 12.8

Non-Hispanic 76.9 Non-Hispanic 68.1

None of these 1.1 None of the above 19.1

Prefer not to answer 0.6

Skip 2.1

* The All of Us database also includes “Other” category for sex assigned at birth, and Epic Cosmos contains additional categories such as “Choose not to disclose,” “Not recorded on birth certificate,” “Uncertain,” and 
“Unknown.” These categories were excluded from analysis to ensure a consistent comparison across both databases. Heterogeneity in reported sociodemographic categories and lack of sex-stratified data precluded the use of 
age, race, and ethnicity in analytic models.
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PRs) “pelvic and perineal pain” (PR 5 1.62, 95% CI 1.62, 1.62), 
“perineal pain” (PR 5 1.60, 95% CI 1.60, 1.60), “scalding pain on 
urination” (PR 5 1.45, 95% CI 1.45, 1.45), “bladder pain” (PR 5 
1.44, 95% CI 1.43, 1.44), “dysuria” (PR 5 1.38, 95% CI 1.38, 
1.38), and “referred otalgia” (PR 5 1.35, 95% CI 1.33, 1.36). 
Conversely, 26 pain concepts (13.3%) were more prevalent

among males, such as—in descending order—“painful phantom 
limb syndrome” (PR 5 0.61, 95% CI 0.60, 0.63), “inguinal pain” 
(PR 5 0.65, 95% CI 0.64, 0.65), “chronic chest pain” (PR 5 0.69, 
95% CI 0.69, 0.70) and “chest pain on exertion” (PR 5 0.78, 95% 
CI 0.77, 0.78), “pain of lower limbs due to atherosclerosis” (PRs 
between 0.71 in the right lower limb and 0.80 in the left lower

Table 2

Magnitude and direction of differences in sex-specific prevalence of pain concepts in All of Us and Epic Cosmos.

Pain concept All of Us Epic cosmos

PR 95% CI (LL, UL) Sex-specific prevalence PR 95% CI (LL, UL) Sex-specific prevalence

Toothache 0.99 0.90, 1.10 F ; M 1.03 1.03, 1.03 F . M

Painful swallowing 0.97 0.83, 1.14 F ; M 1.08 1.07, 1.09 F . M

Shoulder pain 1.01 1.01, 1.02 F . M 1.01 1.00, 1.01 F ; M

Pain of right forearm 1.08 0.95, 1.22 F ; M 1.06 1.05, 1.06 F . M

Pain of left upper arm 1.08 0.95, 1.22 F ; M 1.24 1.23, 1.25 F . M

Pain co-occurrent and due to varicose veins of 
right leg

0.97 0.93, 1.14 F ; M 1.24 1.24, 1.25 F . M

Pain in bilateral legs 1.00 0.97, 1.03 F ; M 1.10 1.10, 1.10 F . M

Pain of left lower leg 1.05 0.98, 1.13 F ; M 1.10 1.10, 1.11 F . M

Pain of right lower leg 1.02 0.95, 1.10 F ; M 1.09 1.08, 1.09 F . M

Pain of left calf 1.08 0.97, 1.19 F ; M 1.12 1.12, 1.13 F . M

Pain of right calf 1.08 0.97, 1.19 F ; M 1.10 1.10, 1.11 F . M

Pain in right heel 1.08 0.95, 1.22 F ; M 1.12 1.11, 1.12 F . M

Pain at rest due to peripheral vascular disease 0.81 0.65, 1.01 F ; M 0.75 0.74, 0.76 M . F

Pain of intercostal space 1.00 0.95, 1.06 F ; M 1.04 1.03, 1.05 F . M

Angina decubitus 0.97 0.87, 1.09 F ; M 0.86 0.82, 0.90 M . F

Acute abdominal pain 1.08 0.95, 1.22 F ; M 1.18 1.18, 1.19 F . M

Right sided chest pain 1.08 0.95, 1.22 F ; M 1.07 1.06, 1.07 F . M

Chest pain on exertion 0.97 0.83, 1.14 F ; M 0.78 0.77, 0.78 M . F

Noncardiac chest pain 0.97 0.83, 1.14 F ; M 1.07 1.07, 10.9 F . M

Chest pain at rest 0.97 0.83, 1.14 F ; M 0.98 0.98, 0.99 M . F

Renal pain 0.96 0.93, 1.00 F ; M 0.92 0.91, 0.93 M . F

Thoracic nerve root pain 0.98 0.91, 1.06 F ; M 1.15 1.12, 1.19 F . M

Neuropathic pain 1.08 1.00, 1.16 F ; M 1.06 1.05, 1.06 F . M

Pain radiating to right leg 0.97 0.83, 1.14 F ; M 1.09 1.08, 1.10 F . M

Pain radiating to left leg 0.97 0.83, 1.14 F ; M 1.08 1.07, 1.09 F . M

Cervical nerve root pain 0.97 0.83, 1.14 F ; M 1.11 1.10, 1.11 F . M

Low back pain co-occurrent with neuralgia of left 
sciatic nerve

0.97 0.83, 1.14 F ; M 1.12 1.11, 1.13 F . M

Peripheral neuropathic pain 0.97 0.83, 1.14 F ; M 1.02 1.01, 1.03 F . M

Chronic musculoskeletal pain 0.84 0.81, 0.87 M . F 1.00 0.99, 1.00 F ; M

Pain on left shoulder 1.15 1.04, 1.28 F . M 1.01 1.00, 1.01 F ; M

Pain in hallux 0.97 0.83, 1.14 F ; M 0.96 0.95, 0.96 M . F

Scapulalgia 1.08 0.95, 1.22 F ; M 1.12 1.11, 1.13 F . M

Pain in lumbar spine 0.97 0.83, 1.14 F ; M 1.06 1.06, 1.07 F . M

Tenalgia 0.81 0.65, 1.01 F ; M 1.05 1.04, 1.06 F . M

Anorectal pain 0.92 0.80, 1.07 F ; M 0.94 0.93, 0.94 M . F

Anal pain 0.97 0.83, 1.14 F ; M 0.97 0.96, 0.98 M . F

Acute pain 1.10 1.08, 1.11 F > M 0.86 0.85, 0.86 M > F

Rectal pain 0.90 0.79, 1.02 F ; M 0.92 0.92, 0.93 M . F

Pain provoked by trauma 0.92 0.88, 0.96 M . F 1.02 1.00, 1.04 F ; M

Chronic postoperative pain 1.05 0.97, 1.13 F ; M 1.11 1.10, 1.12 F . M

Bold denotes different directions of higher sex-specific prevalence between the 2 databases. 
CI, confidence interval; LL, lower limit; PR, prevalence ratio; UL, upper limit.
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limb), “pain at rest due to peripheral vascular disease” (PR 5 0.75, 
95% CI 0.74, 0.76), “chronic pain due to injury” (PR 5 0.81, 95% 
CI 0.80, 0.82), “acute postthoracotomy pain syndrome” (PR 5 
0.83, 95% CI 0.81, 0.86), “angina decubitus” (PR 5 0.86, 95% CI 
0.82, 0.90), “acute pain” (PR 5 0.86, 95% CI 0.85, 0.86), and 
“acute pain due to injury” (PR 5 0.86, 95% CI 0.85, 0.86). No 
evidence of sex differences in prevalence was observed in 8 pain 
concepts (4.1%).

When categorizing the subset that had acute and chronic pain 
labels (25 pain concepts), 70.0% of the 10 acute pain concepts 
(including the 3 most common: “acute low back pain,” “acute 
postoperative pain,” and “acute back pain with sciatica”) and 73.3% 
of the 15 chronic pain concepts (including the 3 most common: 
“chronic pain,” “chronic low back pain,” and “chronic pain of right 
upper limb”) had higher prevalence among females (PRs ranging 
from 1.05 to 1.18 among the acute pain concepts, and PRs ranging 
from 1.02 to 1.30 among the chronic pain concepts).

Among the 195 pain concepts identified in both databases, 40 
(20.5% of pain concepts) displayed inconsistent findings of sex-
specific prevalence; ie, evidence of sex-difference in prevalence 
in one database but not in the other (Table 2). Although most PRs 
suggested minimal differences in prevalence between males and 
females in the same direction in both databases, 1 pain concept 
(0.5% of pain concepts included; ie, “acute pain”) demonstrated 
different PR directions of sex-specific prevalence (higher preva-
lence among females in All of Us and higher prevalence among 
males in Epic Cosmos).

4. Discussion

This study explored sex differences in the prevalence of pain 
symptoms using data from the All of Us and the Epic Cosmos. 
Overcoming limitations of the published literature on sex differ-
ences in pain, our 2 large and diverse U.S samples corroborate 
previous findings of higher pain burden in females.

Our analysis revealed that a notable 73% of pain concepts in 
these data demonstrated a higher female prevalence, particularly 
those associated with the breast, pelvis, and myofascial systems. 
By contrast, a smaller subset of pain concepts (9%–13%) 
exhibited a higher prevalence in males, such as “vertebrogenic 
pain syndrome” and “chronic chest pain.” Additionally, for certain 
pain concepts, there was no evidence of difference in prevalence 
between females and males.

The observed higher prevalence of pain among females across 
multiple concepts aligns with the existing literature. 5,11,15,45,89 

This disparity can be attributed to a complex interplay of biological 
(eg, genetic, molecular, cellular level), psychological, and societal 
factors. 35 Biologically, the distribution of sex hormones and their 
receptors in key areas of the nervous system involved in pain 
perception and modulation influence pain sensitivity differently 
between females and males. Testosterone generally exerts 
antinociceptive effects, 7 whereas estradiol and progesterone 
display both pronociceptive and antinociceptive properties 
depending on context. 75 Moreover, sex hormones influence 
endogenous pain modulation 6 by altering the sensitivity of 
serotoninergic and dopaminergic receptors 57 and modulating 
the expression of endogenous opioid receptors. 14 Fluctuation in 
female sex hormones across the menstrual cycle and their effects 
on descending pain modulatory pathways 6 potentially explains 
variations in experimental pain sensitivity and increased pain 
intensity during specific phases. 42,63,73,74 Nevertheless, other 
studies have failed to demonstrate significant changes in pain 
perception across menstrual phases in healthy-fe-
males, 26,38,72,76,93 underscoring the complexity of this

relationship. Because females generally have a higher average 
age, and some pain conditions are more common with higher 
age, it is possible that some of the higher female prevalence may 
be due to older females in our sample. Additionally, males and 
females exhibit different patterns of activity and functional 
connectivity in brain areas responsible for pain modulation, 
emotional processing, and the integration of sensory and 
emotional inputs. 6,24,43,88 These regions include the anterior 
cingulate cortex, insula, prefrontal cortex, amygdala, and 
periaqueductal gray. Differences in functional connectivity of 
these areas also appear to be age dependent. 50

Genetic factors also play a significant role in sex differences in 
pain sensitivity. For example, genetic variants of the 
melanocortin-1 receptor (MC1R) show sex-dependent effects 
on analgesia, whereas the A118G single-nucleotide polymor-
phism of the OPRM1 gene is associated with pressure pain 
sensitivity in males but not in females. Decreased catechol-O-
Methyltransferase (COMT) expression is linked to increased pain 
perception, particularly among females, due to estrogen-driven 
downregulation of COMT expression. Genetic variants in the 
transient receptor potential cation channel (TRPV1) have also 
been implicated in greater pain sensitivity among females. 5,49

However, it is notable that psychological and social factors 
may further influence pain perception and coping strategies 
differently by sex and gender. 5,51 Women are often reported to 
exhibit greater levels of catastrophizing, 20,39 depression, 30 

kinesiophobia, 8 pain-related anxiety and fear, 12,92 and lower 
level of self-efficacy, 32 all of which are thought to be mediators of 
sex and gender differences in pain. 82 Moreover, gender roles and 
societal expectations significantly influence how pain is 
expressed and tolerated. 5,82,83 The data ultimately come from 
men and women who recognized their symptoms, sought care, 
communicated their symptoms to their clinicians, and had those 
symptoms recorded by those clinicians. These processes are 
deeply shaped by gendered social norms and behaviors, not just 
biology. Although the available analytical variable is “sex assigned 
at birth,” observed findings likely reflect a combination of both 
sex- and gender-related processes. Women are often perceived 
as more likely to express pain and seek treatment, whereas men 
may face societal pressure to tolerate and underreport pain. 60,90 

Substantial evidence has shown that women are often treated 
with less effective pain management strategies compared with 
man for similar complaints, and their pain is likely to be attributed 
to psychological causes a phenomenon sometimes referred to as 
“psychologizing” of women’s pain. 31,68

An increased prevalence among females was found in specific 
anatomical sites, especially in the breast, perineum, pelvis, 
myofascial structures, and hands. In addition to the contributing 
factors presented above, certain anatomical considerations can 
further explain differences in pain location. For example, unique 
anatomical structure and changes in breast tissue during 
hormonal cycles can predispose females to localized pain. 4,80 

Similarly, differences in pelvic structures, such as wider pelvis and 
the presence of organs such as the uterus and ovaries, may 
increase the likelihood of pain from gynecological or urological 
conditions. 53 Conversely, the higher prevalence among males for 
certain pain symptoms, such as “vertebrogenic pain syndrome” 
and “chronic chest pain,” may be attributed to biological, 
hormone-specific, and lifestyle factors. 47 For instance, a higher 
prevalence of cardiovascular disease and related conditions 
among males is well documented, which have often been 
associated to higher rates of smoking, obesity, and differences 
in physical activity (although these differences by sex may have 
been shrinking over the years). 3,44 Additionally, predominantly
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male occupations involving heavy physical labor and military 
combat might contribute to an increased incidence of musculo-
skeletal conditions like “vertebrogenic pain syndrome,” “acute 
postthoracotomy pain syndrome,” and “phantom limb syndrome 
with pain.” Intriguingly, “chronic musculoskeletal pain” had 
a higher prevalence among males in the All of Us data, contrary 
to the existing literature. 89 This discrepancy may be attributed to 
higher rates of localized or injury-induced musculoskeletal pain in 
these data, or differences in how chronic musculoskeletal pain 
was defined or reported in All of Us relative to other studies. Our 
findings that 3 acute pain concepts (ie, “acute postthoracotomy 
pain syndrome,” “acute pain, and “acute pain due to injury”) were 
overrepresented in males according to Epic Cosmos despite sex 
and gender differences in care seeking behavior and reporting 
may be interpreted in light of emerging evidence of sex-specific 
vulnerability to acute pain hypersensitivity. Martin and colleagues 
found that only males—both in mice and humans—developed 
pain hypersensitivity in contexts associated with prior aversive 
pain, which was linked to stress, testosterone, and memory-
related mechanisms involving the hypothalamic–pituitary–adre-
nal axis and protein kinases. 47

Mostly similar results were derived from the 2 databases, 
except for 1 pain concept, which displayed discrepant findings. 
Possible explanations could be attributed to differences in use of 
coding in the 2 data sources given the redundancy in pain 
concepts (eg, acute pain vs acute pain due to injury). Opposite 
directions could also potentially be attributed to differences in 
population demographics of healthcare systems and individuals 
providing data to the databases. Although All of Us intentionally 
oversamples historically underrepresented groups in biomedical 
research derived from various healthcare settings, Epic Cosmos 
aggregates EHR data from patients who actively sought care at 
sites using Epic EHR. Conversely, some other pain concepts 
showed different results in one database the condition did not 
exhibit any significant difference between females and males, 
whereas in the second database, there was a clear sex-specific 
prevalence. Much of these discrepancies could be attributed to 
instability of estimates due to smaller sample sizes and broader 
confidence intervals in All of Us. Given notable sex differences in 
the prevalence of pain concepts, these findings highlight the 
importance of continuing to integrate sex into pain research and 
clinical management. This knowledge is essential to inform 
personalized preventive, screening, and treatment strategies to 
enhance the effectiveness of pain care for all.

4.1. Strengths and limitations

Strengths of this study include the large national sample across 
the United States, and the use of 2 independent data sources for 
triangulation of findings, with strong agreement between them. 
Limitations include that studies such as the present one, using 
large national databases, rely on correct and complete EHR 
documentation. 81 This study was exploratory in nature and did 
not involve formal hypothesis testing but rather relied on PRs and 
95% CIs to estimate the magnitude and direction of sex-related 
differences in pain prevalence. Caution is warranted to prevent 
overinterpretation of findings due to the absence of correction for 
multiple comparisons. Moreover, this study examined only 
differences in prevalence of pain symptoms between females 
and males, not accounting for other categories reported “un-
known,” “not man only, not woman only,” “not recorded on birth,” 
and “uncertain.” Although best practices suggest measuring sex 
and gender separately, 29 only “sex assigned at birth” was 
available in these data. Additionally, these findings only reflect

data from the US population who received health care during the 
study period. Although some institutions may contribute data to 
both All of Us and Epic Cosmos, any overlap of participants 
across the 2 databases—if present—cannot be excluded 
because data are deidentified. Although pain concepts were 
documented in internationally, standardized clinical terminology 
to represent medical terms in EHRs (SNOMED), no data were 
present on diagnostic criteria used nor final diagnoses given. 91 

Labels of acute vs chronic included in certain pain concepts were 
maintained from the original pain concepts in the databases 
applied without standard criteria by clinicians assigning concepts 
to individuals (SNOMED lacks an explicit time-based definition of 
acute vs chronic). Finally, although age, race and ethnicity have 
been suggested to influence sex differences in pain preva-
lence, 25,45 current analyses could not adjust for these factors due 
to absence of sex-stratified data by age groups (ie, age 
distribution was only available at the aggregate-level for total 
counts by pain concept) and unavailability of all race and ethnicity 
information at the general-access level of these databases.

Findings from 2 large nationwide databases indicate a higher 
pain prevalence among females receiving health care in the 
United States. This study provides robust evidence for sex 
differences in pain, underscoring the need for enhanced use of 
pain prevention and management approaches in this population.
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