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FOREWORD 
 
MESSAGE FROM THE CENTER 
 
 
Innovation | Safety | Effectiveness 
 
Innovation, safety, and effectiveness are so integral to our mission here at the Center for Devices and 
Radiological Health (CDRH) that they shape how we protect and promote public health.  We protect 
public health by using valid scientif ic evidence to determine whether there is a reasonable assurance that 
medical devices are safe and effective.  We promote public health by facilitating device innovation.  In 
the United States today, patients and their doctors have ready access to safe, effective medical devices 
that can save lives and improve health.  Yet, to fully achieve our mission to improve the health and 
enhance the quality of life of all patients, it is essential that we recognize that for each of us, our sex and 
gender have considerable impact on our health and therefore on our interaction with medical devices. 
 
Sex | Gender 
 
Advances in science show that sex and gender differences may play significant roles in the course and 
outcome of conditions that affect all human organ systems. Now more than ever, we need to understand 
the implication these attributes present for the performance of medical devices in both women and men, 
particularly as medical devices play an increasingly prominent role in providing health care to Americans. 
 
The CDRH Health of Women Program | Strategic Plan 
 
Recognizing the importance of addressing sex- and gender-specific issues in medical technology design, 
development, and implementation, CDRH has formally created the Health of Women Program.  We 
envision a groundbreaking, modern program to explore the unique issues related to the performance of 
medical devices in women, not only in the reproductive health space, but across a woman’s lifetime.  
Health of Women encompasses health conditions that are specific to women, as well as conditions that 
are more common or more serious in women, have distinct causes or manifestations in women, have 
different outcomes or treatment options for women, or have higher morbidity or mortality rates in women. 
 
This document describes the CDRH Health of Women Program’s strategic priorities to continue our 
commitment to protect and promote public health.  As we deepen our understanding of how medical 
devices work for women, we continue our efforts to help assure that medical devices – those developed 
specifically for women, and those developed for both men and women – optimally align with the 
considerations of usability and performance in women.  In this way, we achieve the highest quality of 
innovation, safety, and effectiveness for every patient. 
 
 
Terri L. Cornelison, M.D., Ph.D.    Jeff Shuren, M.D., J.D. 
Director, Health of Women Program    Director 
Center for Devices & Radiological Health   Center for Devices & Radiological Health 
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1| EXECUTIVE SUMMARY  
 
 
The Center for Devices and Radiological Health (CDRH) has long been interested in a health of women 
framework to explore the unique issues related to the performance of medical devices in women. In 
2016, CDRH formalized the creation of its Health of Women Program to address the steadily growing 
importance of sex- and gender-specific issues arising regarding medical technology design and 
development, clinical and non-clinical study design, and other medical device-related matters. 
 
The CDRH Health of Women Program is charged to: 

• Explore unique issues related to the performance of medical devices in women 
• Improve analysis and communication of sex- and gender-specific data to better assure the safe 

and effective use of medical devices 
• Develop and implement health science programs, strategies and initiatives focused on health of 

women issues across CDRH 
 
We seek to bring together industry, clinicians, researchers, patients, academia, government agencies, 
advocacy groups, and all customersa in an effort to encourage innovations in research study design, 
device development and appropriate ways to share information with women and their health care 
providers to help them make informed decisions about which device may best meet their needs. 

Mission 
The mission of the CDRH Health of Women Program is to protect and promote the health of all 
women. 

Vision 
Our vision is that customers, including patients, caregivers and providers, have timely access to high 
quality, safe and effective medical devices that perform optimally in women, as well as access to 
relevant and understandable sex- and gender-specific information about medical devices that can be 
used to make informed health care decisions. 

Priorities 
The CDRH Health of Women Program intends to focus its efforts on three priority areas: 
 

 
a CDRH defines our customers as the members of the medical device ecosystem – including patients, industry, and health care professionals – and our 
colleagues.  US FDA CDRH 2016-2017 Strategic Priorities. 

https://www.fda.gov/downloads/AboutFDA/CentersOffices/OfficeofMedicalProductsandTobacco/CDRH/CDRHVisionandMission/UCM481588.pdf
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Priority 1 – Sex- and Gender-Specific Analysis & Reporting 
Improve availability, analysis, and communication of sex- and gender-specific information for the 
safe and effective use of medical devices to improve and better understand the performance of 
medical devices in women 

• Optimize CDRH practices for consistent sex- and gender-specific data collection, analysis, 
and reporting 

• Ensure CDRH’s policies evolve with current science 
 
Priority 2 – Integrated Approach for Current & Emerging Issues Related to the Health of Women 

Strengthen internal health science programs and initiatives across CDRH, working together with 
CDRH offices and our customers, to create actions that aim to improve the overall health and 
quality of life for women 

• Coordinate and lead an integrated approach to analyze current and emerging issues 
related to the health of women 

• Explore innovative strategies, technologies, and device-specific study paradigms 
• Develop center-wide policies and outreach activities related to the health of women 

 
Priority 3 – Research Roadmap 

Develop a research roadmap for the health of women medical device ecosystem 
• Address identif ied gaps and unmet needs related to the health of women through targeted 

resources 
• Promote advancement of regulatory science related to the health of women 

 
 
 

 
 
 
 
 
 
 
Through identification of these priorities and implementation of this strategic plan, along with insight 
obtained from public comments, we hope to further our mission of protecting and promoting the health 
of women, strengthen regulatory science, and more easily identify and address current and emerging 
issues for the health of women.
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2| INTRODUCTION 
 
 

Every cell has a sex that alters physiology at the molecular, cellular, and macro-organism level; 
affects behavior, perception, and health; and has implications for biomedical research, intervention, 
and all of health care.1  A steadily growing body of evidence shows that sex and genderb differences 
may play significant roles in the course and outcome of conditions that affect all human organ 
systems.2  Current science indicates the existence of both sex- and gender-based differences in 
numerous disorders including cardiovascular disease, pulmonary dysfunction, neurological debility, 
irritable bowel syndrome, endocrine and autoimmune disorders, and mental illness.1-3   What 
implication does this have for the performance of every medical device in the health care for both 
women and for men, particularly as we move toward tailoring intervention(s) to the individual or class 
of individuals? 
 

Our Origin 
 
CDRH has been working toward a better understanding of how medical devices perform in women and 
exploring unique issues in the regulation of medical devices related to the health of women. 
 
In 2013, the FDA held a workshop titled the “CDRH Health of Women (HoW) Program: Educate, Enable, 
Enlist and Explore – HoW to Improve the Health of Women.”4,5  This workshop sought public input on 
the priority activities for the CDRH Health of Women framework, and was a foundational step in 
launching the CDRH Health of Women Program.  At the workshop, FDA discussed with participants 
device-specific clinical study recruitment and retention strategies; analysis and communication of sex-
specific f indings to providers and patients; and a priority research road map for the health of women 
device ecosystem.  Ideas generated at this workshop helped shape early programmatic goals that 
included: 
 

• Analysis & Communication 
o Achieve consistent analysis, labeling, and reporting of inclusion and outcomes for women 
o Finalize the then draft Guidance on Sex-Specific Data in Medical Device Clinical Studiesc 

• Recruitment & Retention 
o Develop strategies to address unique challenges of medical device trials 

 
b Sex is a classification derived from the chromosomal complement. Gender is a person’s self-representation as man, woman or other, is a continuum, and may 
change over the course of a lifetime. Definitions derived from Institute of Medicine report entitled Exploring the Biological Contributions to Human Health: Does Sex 
Matter?, The National Academies Press, Washington, DC; 2001. 
c US Food and Drug Administration, Center for Devices and Radiological Health. Guidance on Evaluation of Sex-Specific Data in Medical Device Clinical Studies for 
Industry and Food and Drug Administration Staff. Final document issued on August 22, 2014; 
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM283707.pdf. 

https://www.nap.edu/catalog/10028/exploring-the-biological-contributions-to-human-health-does-sex-matter
https://www.nap.edu/catalog/10028/exploring-the-biological-contributions-to-human-health-does-sex-matter
https://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM283707.pdf
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• Research 
o Perform gap analysis to identify priority research areas 
o Explore patient-reported outcomes and preferences 

• Partnerships 
o Forge and strengthen partnerships with industry, federal agencies, and professional 

societies  
o Develop communication strategies in partnership with stakeholder groups 

 
In 2016, the FDA formalized the creation of the CDRH Health of Women Program to address the 
steadily growing importance of sex- and gender-specific issues arising in regard to medical technology 
design and development, clinical trial design, and other medical device-related matters.  The 
terminology “health of women” encompasses not only health conditions uniquely specific to women, but 
conditions that are more common or more serious in women, have distinct causes or manifestations, 
different outcomes or treatment options, or higher morbidity or mortality rates in women.  Health of 
women extends far beyond reproductive, gynecologic, or breast health. It comprehensively includes the 
health of the entire female human being. 
 
Our mission is to protect and promote the health of all women, both as a collective, and as individuals. 
We are guided by science to embrace all women subpopulations, including sexual and gender 
minoritiesd. 
 

Highlights of the Health of Women Regulatory Landscape 
 
In section 907 of the Food and Drug Administration Safety and Innovation Act (FDASIA)6 (2012), 
Congress directed the FDA to address the extent to which clinical trial participation and safety and 
effectiveness data stratif ied by demographic subgroups (sex, age, race, ethnicity) are included in 
applications submitted to the FDA.  It also directed the FDA to report on the extent to which subgroups 
participate in clinical trials, whether reports of subgroup safety and effectiveness are reported to the 
FDA in a manner consistent with FDA requirements and guidance, and whether and how safety and 
effectiveness data by subgroups is eventually made public. 
 
In 2013, the FDA published the FDASIA 907 Report.7  This document reported on the demographic 
subgroup analyses and public disclosure of information from sources including Premarket Approval 
applications (PMA) for class III devices.  The report noted that 88 percent of approved PMA 
applications reviewed included sex-specific data analysis, and that 63 percent of the PMA applications 
reviewed publicly reported the sex subgroup analysis results. 

 
d “Sexual and gender minority” populations include, but are not limited to, individuals who identify as lesbian, gay, bisexual, asexual, transgender, Two-Spirit, queer, 
and/or intersex. Individuals with same-sex or -gender attractions or behaviors and those with a difference in sex development are also included. These populations 
also encompass those who do not self-identify with one of these terms but whose sexual orientation, gender identity or expression, or reproductive development is 
characterized by non-binary constructs of sexual orientation, gender, and/or sex. Definition provided by the Sexual and Gender Minority Research Office, National 
Institutes of Health. https://dpcpsi.nih.gov/sgmro. 

https://dpcpsi.nih.gov/sgmro
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In 2014, the FDA issued the FDA Action Plan to Enhance the Collection and Availability of 
Demographic Subgroup Data8 in response to section 907 of FDASIA. This publication announced the 
FDA’s  plan to improve the completeness and quality of demographic subgroup data collection, 
reporting, and analysis, and to make these data more available and transparent. 
 
Also in 2014, the FDA issued a guidance document titled Evaluation of Sex-Specific Data in Medical 
Device Clinical Studies,9 outlining FDAexpectations regarding sex-specific patient enrollment, data 
analysis, and reporting of study information for medical device applications.  The primary intent of the 
guidance is to improve the quality and consistency of available data regarding the performance of 
medical devices in both sexes by encouraging appropriate enrollment by sex in clinical studies of 
devices, and that data from such studies are appropriately analyzed by sex. 
 
Sex and gender data have also been key considerations for other divisions within the U.S. 
Department of Health and Human Services (HHS).  In 2015, the NIH released its policy on sex as a 
biological variable stating that sex and gender play a role in how health and disease processes differ 
across individuals, and that consideration of these factors in research studies informs the 
development and testing of preventive and therapeutic interventions.10,11  This policy specified that 
investigators must explain how relevant biologic variables, such as sex, are factored into research 
designs, analyses, and reporting of vertebrate animal and human studies; and in additional guidance, 
asked that investigators consider and describe how sex and gender may influence the research 
question(s) at hand.10,12  Further, in 2016, section 2039 of the 21st Century Cures Act,13 required the 
NIH to develop and issue recommendations for a formal policy to enhance rigor and reproducibility of 
scientif ic research funded by the NIH, and to consider a variety of factors that contribute to health 
disparities. Such factors include, but are not limited to: preclinical experimental design, including 
analysis of sex as a biological variable; and clinical experimental design, including the circumstances 
under which data collected during clinical studies may be beneficial to analyzeon the basis of 
biological, social, and other factors that contribute to health disparities. 
 

Sex- and Gender-Specific Data 
 
“Every cell is sexed and many people are gendered.”11,14  Sex is a classification assigned by 
chromosomal complement.11  It refers to an individual’s biological characteristics, and is typically 
binary.11,14  Genes on sex chromosomes are responsible for sex determination, sexual differentiation, 
and the orchestration of developmental programs that produce male and female anatomy and 
physiology.11,15-18  Alternatively, gender refers to the social construct by which we define ourselves as 
man, woman or other, is a continuum, and may change over the course of a lifetime.11,15  Our 
understanding of one’s gender is highly influenced by our experiences, environment, and societal views 
of ourselves and others, as well as our socially-defined gender “roles”.11,15-18  
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While sex and gender are distinct, they are interrelated and are not necessarily mutually exclusive.3  
Both sex and gender and their interactions may drive epigenetic influences and resultant physiologic 
reactions, influence etiology and presentation of disease, and affect treatment outcomes.3,19  
 
Consideration of sex and gender is a critical component of the development and performance of medical 
devices. Based on initiatives taken and knowledge gained through actuation of the Health of Women 
Strategic Plan, we aim to refine current, and develop new, policies and recommendations to help 
innovators and researchers consider the potential influence of sex- and gender-specific data and 
address these factors in the experimental design, analysis, and reporting of medical device biomedical 
research.  Our hope is that this may lead to a stronger foundation upon which to develop devices and 
better inform the research community as to whether such influences need to be factored into the design 
and power calculations of future studies.   
 
CDRH’s vision is that with an integrated approach, innovators, researchers, and CDRH staff have 
the tools necessary to consider how sex and gender are factored into research designs, device 
development, and analyses of studies in humans, vertebrate animalse, tissue culture and primary 
cell lines, when such are appropriate and/or necessary. 
 
Our intent in structuring the Health of Women Strategic Plan is to embrace an approach that is both 
driven by science and based on least burdensome20 principles.  Since the Food and Drug Administration 
Modernization Act of 1997 (FDAMA), Congress has directed the FDA to take a least burdensome 
approach to medical device premarket evaluation in a manner that eliminates unnecessary burdens that 
may delay the marketing of beneficial new devices, while maintaining the statutory requirements for 
marketing authorization.  In accord, the FDA defines “least burdensome” to be the minimum amount of 
information necessary to adequately address a relevant regulatory question or issue through the most 
efficient manner at the right time.20  Still, reasonable assurance of safety and effectiveness of a device is 
determined on the basis of valid scientif ic evidence (21 CFR § 860.7(c)(1)). 
 
The principal objective is to spark innovation, never stifle it.  Innovators and researchers are not 
being asked to generate more data, but to analyze and report on data already generated. 
 
The CDRH Health of Women Program approach begins with collecting, analyzing, and reporting 
data in a sex- and gender-disaggregated manner.  We recognize that the absence of scientific data 
does not mean there is an absence of knowledge, which may further support the need to report findings 
about sex and gender-based differences to help move the science forward. 
 

 
e We support the principles of the “3Rs,” to reduce, refine, and replace animal use in testing when feasible. We encourage applicants to consult with us if it they 
wish to use a non-animal testing method they believe is suitable, adequate, validated, and feasible. We will consider if such an alternative method could be 
assessed for equivalency to an animal test method.  Principles of 3Rs derived from Russell WMS, Burch RL. The Principles of Humane Experimental Technique. 
London, UK: Methuen; 1959. 
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Through the CDRH Health of Women Program, we plan to foster the development of tools that may 
improve the completeness and quality of demographic subgroup data collection, analysis, and reporting 
to clarify expectations and update device submission recommendations, and refine policies and training 
to support more consistent and transparent collection, analysis, and communication of demographic 
subgroup data center-wide. 
 
Collecting, analyzing, and reporting data disaggregated by demographic subgroups, including sex and 
gender, has a number of potential benefits, including: 

• Consistent and Efficient Processes – provides a consistent approach for research 
considerations, study design, analysis, and reporting recommendations to support regulatory 
decisions; and unencumbers innovators and researchers from seemingly disparate expectations 
or recommendations regarding scientific approach21 

• Saving Resources – prospectively considering the impact of sex and gender may result in saving 
resources in the long-term by revealing differences or similarities that need to be taken into 
consideration in subsequent phases of innovation and/or postmarket needs, which may be 
particularly crucial for small companies that have only one device in development21 

• Improving Data Quality – among other factors, well-characterized data help innovators and 
researchers develop safer, more effective, high-quality devices for their intended populations; 
help minimize disproportionate adverse events in women; help CDRH staff appropriately apply 
benefit-risk factors in the determination of reasonable assurance of safety and effectiveness; and 
help CDRH achieve more efficient surveillance and signal detection21 

• Strengthening Science – expands availability of sex- and gender-specific data; allows innovators 
and researchers to more readily build upon a stronger body of knowledge; and enhances 
efficiency of future regulatory research21 

• Enriching Patient Information – further enables women’s access to relevant and understandable 
sex- and gender-specific information about medical devices that can be used to make health 
care decisions 

 
The Science is Ready and Scientists are Primed 
 
The science has advanced. Developments in basic scientif ic and clinical data support the concept that 
sex is a basic biological variable and that every cell is sexed.3  CDRH intends to explore modernizing 
our policies and to account for inclusion and evaluation of medical device data representing 
demographic subgroups, including sex- and gender-specific data. We also intend to develop an 
integrated approach for how CDRH can address current and emerging issues related to the health of 
women, and can strengthen the regulatory science for the health of women device ecosystem.  In these 
ways, we will continue to work to assure that medical devices are innovated to perform safely, 
effectively, and optimally in all women. 
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3| THE PLAN 
An Integrated Approach 
 
The CDRH Health of Women Program provides the framework for an integrated approach that 
seamlessly interfaces across CDRH to address the steadily growing importance of the health of women 
to both internal and external customers. The program strives to find innovative ways to connect 
women’s health issues with CDRH’s regulatory and scientif ic initiatives.  
  
 

 

 
 
The program’s integrated approach capitalizes on partnerships across CDRH to address common 
issues and goals. The following table shows examples of issues and goals we share with our 
partnership areas:  
 
Common Issues and Goals CDRH Partnership Areas 
• Efficient streamlined data collection structures 

allowing for facile data extraction and analysis 
• Technology & Data Services 

• Subgroup data collection, analysis, reporting • Age/Pediatrics – Race/Ethnicity 
• Engagement and education with external and 

internal customers 
• Patient perspectives to make informed and 

sound decisions 

• Partnerships to Advance Innovation in 
Regulatory Science 

• Patient Science & Engagement 
• Communication & Education 

  Standards and Conformity 
Assessment 

Medical Device Health Technology 
including Diagnostics &xx  

Radiological Healthxxxx 

Digital Health 

Technology & 
   Data Services 

Age/Pediatrics 
Race/Ethnicity 

    Partnerships to Advance 
Innovation in Regulatory Science 

   Patient Science & 
Engagement 

Communication                          

Science & Engineering        

Health of 
Women 

Clinical Evidence 
 

Regulatory Programs 

Areas of Partnership Within CDRH   

 

& Education 

Laboratories 

& Analysis 
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• Safer, more effective, high-quality devices for 
their intended populations 

• Refined effectiveness and safety parameters 
• Better surveillance and signal detection 
• Inclusion of women in clinical trials 

• Digital Health 
• Standards and Conformity Assessment 
• Medical Device Health Technology 

including Diagnostics & Radiological Health 
• Clinical Evidence & Analysis 
• Regulatory Programs 
• Science & Engineering Laboratories 

 

Priorities | Goals | Strategies | Outcomes 
 
The CDRH Health of Women Strategic Plan described in this section outlines key strategies for the 
CDRH Health of Women Program to further its mission of protecting and promoting the health of all 
women through implementation of the following three programmatic priorities.  These collective 
strategies align with all priority areas of the FDASIA Section 907 Action Plan. 
  

PRIORITY 

1 
 

Sex- and Gender-Specific 
Analysis & Reporting 

 Improve availability, analysis, and communication of sex-and gender-
specific information for the safe and effective use of medical devices 
to improve and better understand performance of medical devices in 
women 

 
  

 

  
Goal 1.A. Optimize CDRH for consistent sex- and gender-specific 
data collection, analysis, and reporting 
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Strategy 1.A.1. Assess current regulatory landscape regarding 

sex- and gender-specific data collection, analysis, 
and reporting 

 
Strategy 1.A.2. Evaluate internal workflow documents and update 

as needed for increased consistency related to 
sex- and gender-specific data collection, analysis, 
and reporting 

 
Strategy 1.A.3. Integrate sex- and gender-specific data collecting 

structure within CDRH’s data collecting systems 

 
Strategy 1.A.4. Expand communication strategies regarding sex- 

and gender-specific data collection, analysis, and 
reporting 

 
Strategy 1.A.5. Further develop training/education plans for sex- 

and gender-specific data collection, analysis, and 
reporting 

 

Goal 1.B. Ensure CDRH’s policies evolve with current science 

 
Strategy 1.B.1. Update existing policies to align with the current 

scientific landscape 

 
Strategy 1.B.2. Develop recommendations related to non-clinical 

studies for sex and age sub-group analysis 

  

 
These strategies are intended to help us strengthen our processes for subgroup 
data collection, analysis, and reporting, and amplify capacity for continued 
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innovation in this space.  We intend to work closely with our offices and staff 
throughout CDRH to further ensure consistency in our systems, and to 
coordinate the mapping of common data elements for sex and gender into 
established systems.  We plan to explore enhancements in the use of data 
science technology to extract, manage, and analyze sex- and gender-specific 
data, and to leverage data from digital technologies and electronic health 
information sources.  We seek to ensure that our policies evolve with current 
science.  Along with all of this, we strive to expand and further develop 
communication strategies and training/education plans for sex- and gender-
specific data collection, analysis, and reporting. Our aim is to achieve improved 
understanding and use of these data in submissions to CDRH, and to improve 
clarity and ease of access to the information that we provide about medical 
devices. 

 

PRIORITY 

1 
Intended Outcomes for Priority 1: 

• Improved understanding and use of sex- and gender-specific data for 
premarket submissions and post market surveillance 

• Improved clarity and ease of access to the information we provide 
about medical devices  
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PRIORITY 

2 
 

Integrated Approach for 
Current & Emerging Issues 
Related to the Health of 
Women 
 

 

 Strengthen internal health science programs and initiatives across 
CDRH, working together with CDRH offices and our customers, to 
create actions that aim to improve the overall health and quality of 
life for women 

  
 

 

Goal 2.A.  Coordinate and lead a center-wide integrated approach to  
analyze current and emerging issues related to the health of women 

 
Strategy 2.A.1. Create novel responsive and proactive 

approaches to identify issues and trends related 
to the health of women across the total product 
life cycle (development, evaluation, surveillance, 
real world evidence), incorporating both 
comprehensive and device-specific strategies  

 
Strategy 2.A.2. Leverage current and develop new systematic 

science-based approaches to address identified 
current and emerging issues related to the health 
of women 
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Strategy 2.A.3. Develop an internal CDRH leadership Health of 

Women Steering Committee to provide 
recommendations to the Center 

 
Strategy 2.A.4. Form a CDRH Health of Women Core Community 

of Practice to coordinate existent subject matter 
expertise within the Center 

 

Goal 2.B.  Explore innovative strategies, technologies, and device-
specific study paradigms 

 
Strategy 2.B.1. Expand existing and create new strategic alliances 

to maximize innovation in the health of women 
medical device ecosystem 

 
Strategy 2.B.2. Explore how to best incorporate findings of sex 

and gender differences in the design and 
application of new medical device technologies 

 
Strategy 2.B.3. Explore potential recommendations for 

encouraging innovation for novel device-specific 
study paradigms to address women-specific or 
sex- and gender-specific issues 

 
Goal 2.C.  Develop center-wide policies and outreach activities 
related to the health of women  

 
Strategy 2.C.1. Work in partnership with CDRH offices to develop 

initiatives to better incorporate women-specific 
issues and sex- and gender-based considerations 
in the regulatory framework 
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Strategy 2.C.2. Develop new communication and social 

networking strategies to increase understanding 
of and appreciation for the health of women 
medical device ecosystem and health of women 
issues for medical devices 

  
 

To achieve these strategies, our engagement is both internal throughout our 
center and external to our customers. Internally, we plan to strengthen our 
approach in how we as a center survey, identify, scientifically evaluate, track, 
prioritize, address, and report current and emerging issues related to the health 
of women.  We hope to harness the culture of continuous improvement 
throughout the Center and to develop more creative and innovative approaches 
to better incorporate women-specific issues and sex- and gender-based 
considerations into our regulatory framework. 

Reaching outward we aim to explore establishing new ventures and initiatives 
with a wide cross-section of partners to support research and innovation to 
improve the health of women medical device ecosystem globally, including the 
FDA, academia, other federal agencies, industry, private foundations, 
patient/advocacy groups, and international organizations.  We hope to help 
foster innovative technologies that may address sex- and gender-based 
differences via alternative means, including novel animalf, in vitro, and 
computational models to study sex differences; information systems used for 
collecting, sharing, and comparing clinical data; and sex- and gender-conscious 
engineering design and development of medical devices.  We will continue to 
encourage innovative clinical trial designs and data analysis approaches to 
address women-specific or sex- and gender-specific issues.  And we intend to 
expand our outreach activities related to the health of women and medical 
devices and serve as a key informational resource for the public by developing 
new communication and social networking strategies and better messaging to 
increase understanding and appreciation of the health of women across the 
medical device ecosystem. 

 
f We support the principles of the “3Rs,” to reduce, refine, and replace animal use in testing when feasible. We encourage applicants to consult with us if it they 
wish to use a non-animal testing method they believe is suitable, adequate, validated, and feasible. We will consider if such an alternative method could be 
assessed for equivalency to an animal test method.  Principles of 3Rs derived from Russell WMS, Burch RL. The Principles of Humane Experimental Technique. 
London, UK: Methuen; 1959. 
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PRIORITY 

2 
Intended Outcomes for Priority 2: 

• Improved processes for early identification and communication of 
adverse effects of medical devices on women 

• Facilitated establishment of new strategic alliances to maximize 
innovation and safety in the health of women medical device 
ecosystem 

  



  
   

CDRH Health of Women Program: Strategic Plan, January 2022 

FDA.gov     Page 20 

PRIORITY 

3 
 

 
Research Roadmap 

 Develop a research roadmap for the health of women medical device 
ecosystem 

 
  

 

 

Goal 3.A. Address identified gaps and unmet needs related to  
health of women through targeted resources 

 
Strategy 3.A.1. Leverage intramural and extramural regulatory 

research programs and projects to address 
identified gaps and unmet needs related to the 
health of women 

 
Strategy 3.A.2. Develop peer-reviewed reports and other tools that 

can be referenced and accounted for in regulatory 
submissions 

 

Goal 3.B. Promote advancement of regulatory science related to 
the health of women 

 
Strategy 3.B.1. Establish portfolio of women-specific device 

efforts 

 
Strategy 3.B.2. Build upon the sex- and gender-specific analysis 

and reporting of available data within the Center 
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Strategy 3.B.3. Establish a Health of Women initiative on the 

science of patient input 

 
Strategy 3.B.4. Work with customers to build registries of 

women’s devices and to facilitate sex and gender 
analyses in registries of devices developed for use 
in both men and women 

 
Strategy 3.B.5. Enhance recommendations on clinical trial device 

design 

  
 

Our goal in pursuing these strategies is to advance regulatory science for the 
health of women and improve evidence generation for women about the safety 
and effectiveness of health technologies.  We want to discover and improve our 
understanding of the clinically-meaningful sex and gender-based difference 
outcomes that are best to incorporate into clinical trial designs that are looking 
specifically for sex- and gender-specific outcomes.  And we will constantly seek 
to identify areas where clinical trial enrollment can be better balanced for 
women. 

We aim to establish a portfolio of women-specific device efforts and strategize 
around gap areas to inform our research roadmap development.  We hope to 
explore regulatory research programs to address identif ied gaps and unmet 
needs for the health of women medical device ecosystem.  We plan to establish 
a science of patient input initiative to better understand women’s experience with 
devices and to incorporate this into our decision making.  We plan to continue to 
work with customers to build a coordinated registry network for women’s health 
technologies.  And, we intend to leverage existing registry networks for devices 
used in both men and women to evaluate for sex- and gender-specific 
differences. 
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PRIORITY 

3 
Intended Outcomes for Priority 3: 

• Established portfolio of Health of Women devices and gaps identified 
to inform research roadmap 

• Established Health of Women initiative on the science of patient input 
• Cultivated appropriate relationships to foster developing and 

supporting women’s device registries 

 
 

 
 

 
 

 

 
 
4| SUMMATION 
 

Over recent decades, the scientific knowledge about the health of women has evolved alongside 
advancements in medical technology, and this ecosystem will continue to evolve.  The scientific 
community is learning how to integrate biological sex and gender identity into understanding of the 
presentation of disease, risk assessment, proper testing, effective treatment; and incorporate this 
gained knowledge into communication strategies.22  CDRH is committed to identifying and acting on 
opportunities to improve the lives of those relying on our expertise and to address the complex and 
rapidly changing regulatory challenges related to health of women.   
 
The CDRH Health of Women Program always welcomes comments and feedback on the outlined 
strategic plan. We encourage other ideas and suggestions on how we can strengthen our collection 
and dissemination of information associated with sex and gender related devices. Public input and 
partnership are vital to the health of women space and we appreciate the feedback received through 
public comment. These contributions have improved the strategic plan and we are confident that 
continued public engagement will further enrich CDRH’s Health of Women program and the health of 
women.

https://www.fda.gov/about-fda/center-devices-and-radiological-health/cdrh-health-women-program
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5| APPENDICES:  Scientific Rationale 
 

Sex and gender are dynamic modulators of human development and have impact on disease 
epidemiology, etiology, presentation, diagnosis, treatment, response to therapy, safety, and 
outcomes.23  Attention to these distinctions has evolved as a standard of scientif ic design of research- 
and evidence-based medicine.24  Advances in science show that sex and gender influence all aspects 
of human health, and that considerations of both sex and gender are important in the development and 
performance of medical devices.25  “We have learned that it is necessary to examine variables of sex 
and gender across the spectrum of research, from basic molecular and cellular studies to clinical 
investigation, and ultimately to clinical application – providing personalized sex- and gender-appropriate 
health care to the individual.”24 
 
At present, most data are sex-based as this research includes non-clinical studies, which can be 
accomplished in less time than gender-based clinical trials.  As the science continues to grow, more 
gender-based studies will emerge.  Below we offer a review of some significant findings in sex- and 
gender-based research; some with known impact on medical device performance as outlined; others 
with promising significance to medical device design and development, diagnostics, and ionizing 
radiation; and all with discernible contribution to the understanding of sex- and gender-based 
differences in the performance of medical devices. 
 

A.  History of Male Predominance in Research 
 
Historically, biomedical research has been conducted predominantly in males.  However, sex is a 
principal biological variable with immense consequence.26  Insufficient representation of female cells 
and animals in non-clinical research, and females in clinical research, has resulted in limited 
understanding of the biological, physiological, and patho-physiological mechanisms in the female 
versus the male.26  Without data from females, it is not feasible to resolve whether results from male 
cells and animals also apply to female cells and animals.26  Traditional reliance on male vertebrate 
animals in non-clinical research has generated incomplete data to inform translation to clinical trials that 
enroll both males and females.27  And these issues extend beyond the basic biological research fields.3  
In the surgical literature, for female-prevalent diseases, only 12 percent of studies that indicated sex of 
the animals, studied female animals.28 
 
Data from females are prerequisite for our improved understanding of the health of women in general, 
and the health of women medical device ecosystem more specifically. 
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B.  Sex is a Basic Biological Variable 
 
Since the landmark Institute of Medicine report titled Exploring the Biological Contributions to Human 
Health: Does Sex Matter?11, there has been deliberate escalation in basic science research and the 
development of clinical data to affirm the premise that sex is a basic biological variable and that every 
cell has a sex.3  Risks for cardiovascular disease and responses to biomedical intervention vary 
between women and men.3  Aspirin has a different preventive result in women versus men.3  In women, 
aspirin decreases risk of ischemic stroke, whereas in men, aspirin therapy decreases risk of heart 
attack.29-33  Cholesterol plaque in women may not develop into major arterial blockages, but 
alternatively spreads more uniformly throughout the artery wall, making arterial compromise more 
challenging to diagnose in women, and is indicative of an entirely different underlying microvascular 
physiology and pathology.34-36  Women more often require permanent pacing for sick sinus syndrome 
than men, and appear to have a higher incidence of complications with pacemaker implantation.37  The 
majority of reported adverse drug events occur in women.38-40  And while women are more prone to 
multiple sclerosis than men, they manifest more moderate forms of the disease.41  
 
There are clear distinctions in global gene expression patterns between male and female animals.3  In 
mice, 50 to 75 percent of genes displayed sexually dimorphic expression in tissues such as liver, fat, 
and muscle.42 Seventy-two percent of active genes in the liver were sex-biased (expressed differently in 
the two sexes), 68 percent in adipose tissue, 55 percent in muscle, and 14 percent in the brain. While 
mean difference in sexually dimorphic gene expression level was only eight to nine percent between 
males and females, this sex difference in a majority of genes may indicate existence of fundamental 
sex differences in physiology.43 
 
There are sex-based differences in metabolism and related conditions.44  In humans, DNA methylation 
patterns differ between men and women for genes involved in metabolic and cardiovascular disease.45  
There are sex-based differences in gene expression of P450 cytochromes (CYP), responsible for 
metabolizing agents, toxins and hormones.46  In women, higher levels of CYP1A1, prominent in the 
metabolism of aromatic hydrocarbons, results in increased levels of carcinogenic DNA segments in 
some tissues.47  Human female liver cells contain more of the cytochrome (CYP3A) that accounts for 
metabolism of half of medical substances, which may have implications for sex-specific response to 
agents in combination devices.48-51 
 
Sex Chromosomes and Gonadal Hormones  
 
All biological sex differences are initiated at the genetic level by the genes of the sex chromosomes.52 
Dissimilarity between XY and XX cells may be imputed to: (a) Y genes only in male cells, (b) a higher 
dose of X genes in female compared to male cells with inactivation of one X chromosome in female 
cells, (c) mixed maternal and paternal genomic imprint on X genes in female cells, and (d) only 
maternal imprinting on X genes in male cells.53 The SRY gene on the Y chromosome, which initiates a 
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testis-determining cascade and resultant secretion of testosterone, also affects expression of other 
genes on the autosomal chromosomes.52 The X chromosome, exceedingly complex, manifests effects 
across the entire organism with genes involved in cellular function, metabolism, development; and 
growth of neurologic, cardiovascular, endocrine, hematologic, and immunologic systems; oncogenic 
processes; and of course reproductive physiology.54,55  
 
Though sex differences originate from a differential of X and Y genes, sex hormones cause sex-based 
distinctions in gene expression by acting directly on genes throughout the genome.3,43  Gonadal 
hormones regulate gene expression through hormone receptors and cause both long-term (activational 
and organizational) and short-term effects.43  As evidenced in the heart, estrogen functions via the 
estrogen receptor and directly initiates the transcription of genes containing an estrogen-responsive 
element in the nucleus of cardiac myocytes.56,57  Furthermore, estrogen affects other signaling 
pathways in the heart including calcium influx, nitric oxide production, and growth factor receptor 
signaling.57  What is observed clinically is that sex and gender differences affect heart rhythms. For 
instance, women have higher resting heart rates, longer QT intervals, and increased risk for agent-
induced fatal heart arrhythmia (torsades de pointes) than men.58-60 
 
Physiologic Systems and Medical Device Technologies 
 
In the cardiovascular system, sex-based differences are observed in clinical outcomes with several 
medical device types.  With left ventricular assist devices, women have a higher risk for right ventricular 
failure, stroke, other neurologic complications, arrhythmias, bleeding and thrombosis.61-67  It is important 
to know more about sex-based differences in the thrombosis cascade.  Women are more likely than 
men to have complications from implantable cardioverter-type defibrillators.68 Although earlier trials 
suggested a less vigorous response in women from implantable cardioverter defibrillators, this was 
likely the result of the few women enrolled in these studies.58  More recent reports, with more equal sex 
distributions, demonstrated comparable outcome gains to men.58,69   With cardiac resynchronization 
defibrillators, women demonstrate greater benefit than men overall (cardiac left ventricular function, and 
survival), particularly with left bundle-branch-block; but also at different thresholds compared to clinical 
guidelines.70-72  Women benefited even at a shorter QRS interval, which may have implications for 
targeting a shorter QRS duration as the treatment criterion in women.72  Women undergoing 
percutaneous coronary intervention with drug-eluting coronary stents are at increased risk for both 
antithrombotic drug-related bleeding and vascular complications from both femoral and radial artery 
access compared with men.73-75   Female sex independently predicts bleeding and death after 
percutaneous intervention.76,77   For endovascular grafts, while abdominal aortic aneurysm (AAA) 
occurs predominantly in men (only 21 percent of AAA occur in women), women have up to a four-fold 
higher risk of AAA rupture, and have higher perioperative morbidity and mortality from endovascular 
aneurysm repair.78-80  Based solely on anatomy (neck length, neck diameter, angulation, landing zone 
diameter, and access diameter), significantly more women were ineligible for endovascular aneurysm 
repair than men.81 
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There are other cardiovascular sex-based differences that may influence device performance.  In 
Takotsubo (stress-induced) cardiomyopathy, women seem more susceptible to catecholamine-induced 
myocardial dysmotility due to their small left ventricular size.82-85  Estrogen modulation of endothelial 
vasoreactivity, adrenal glands, and the central nervous system can counteract the sympathetic nervous 
system.86  And, although men are more likely than women to experience atrial f lutter, surgical treatment 
(ablation) of this arrhythmia affects women and men differently.87 After ablation, women are more likely 
to experience surgical complications and have persistent atrial f lutter.87 
 
In the brain, testosterone can cause significant anatomic sexual dimorphism,56 with sex differences in 
every lobe of the brain, including many cognitive loci such as the amygdala, hippocampus and 
neocortex;88,89 affecting brain morphology and neurocognitive function.90  Moreover, sex differences can 
be relatively widespread.88  Broad regions of the cerebral cortex are thicker in women than in men and 
ratios of grey to white matter also differ.91,92 Some structures (such as hippocampus) are larger in the 
female brain, others (such as amygdala, hypothalamus) are larger in the male brain relative to cerebral 
size.93  When the structural connectome was examined, males were found to have stronger front-to-
back circuits (links between perception and action), and females were found to have stronger left-to-
right circuits (links between reasoning and intuition).94  
 
Male and female neurons respond uniquely to numerous stimuli.3 Male neurons are more prone to 
oxidative stress and excitotoxicity, and lack the capacity to maintain intracellular levels of reduced 
glutathione.95  These observations are pertinent to many central nervous system conditions where 
nitrosative stress is thought to be a contributing factor, such as cerebral ischemia and traumatic brain 
injury.96 Variations in how male and female neurons respond to oxidative stress and ischemia may 
partially explain the observation that boys have a poorer outcome following traumatic brain injury than 
girls.96  In contrast, female neurons are more sensitive to apoptosis-inducing etoposide and 
staurosporine.95  Moreover, other investigators have shown that the apoptosis pathways are different in 
males and females.97 After cytologic challenge in male neurons, programmed cell death predominantly 
follows a caspase-independent (poly-ADP-ribose polymerase/nitric-oxide-mediated) pathway; whereas 
in female neurons, this process follows a caspase-dependent (cytochrome C) pathway. In addition, 
there is an incapacity of male neurons to preserve intracellular levels of reduced glutathione, a major 
protector from oxidative insult.95  The Y chromosome predisposes mice to greater central nervous 
system neurodegeneration than the X chromosome.98 
 
In humans, the sex of the patient can have significant effects on enzyme activity, protein binding, 
receptor density, pharmacokinetics, and outcomes of the brain injury cascade.99  These data have 
implicit indications for diagnosis and treatment of stroke, cerebral ischemia, traumatic brain injury, 
neurodegenerative debilities and other neurologic conditions with sex-specific characteristics such as 
schizophrenia and Parkinson’s disease.88,95,100  And neuroscience researchers have recognized and 
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identif ied sexual dimorphism in these clinical disorders as well as intracranial aneurysms, Tourette 
syndrome and obsessive compulsive disorder.100-102 
 
In orthopedics, implanted devices are affected by sex. Women have an increased risk of knee 
osteoarthritis than men, and greater severity at presentation.103,104  More women have total knee 
replacement surgery than men in the United States, and are three times more likely than men to 
undergo total knee replacement at a more advanced stage.103-108  Women undergoing primary total 
knee replacement surgery for end-stage osteoarthritis experience worse pre- and post-operative pain 
and pre-operative functional scores than men.103,109-111  However, even though women achieve greater 
improvement in outcome, women do not reach the benefit levels of men in final outcome.103,112  While it 
is known that there are anatomical differences between the male and female knee, the literature has 
not supported the clinical need for sex-specific total knee prostheses, and anatomical differences may 
be generally addressed through implant size rather than implant design considerations.113  
Retrospective analysis of total knee replacement with a high-flex knee showed no sex-based difference 
in postoperative motion gains.113 
 
In regards to hip fractures, older women who fall have twice the fracture incidence of older men.114-116  
More women undergo total hip replacements than men in the United States, and are at higher risk for 
surgical revision [odds ratio (OR) 2.5] than men when undergoing primary metal-on-metal hip 
resurfacing arthroplasty.108,117,118  Female patients are also at higher risk for adverse local tissue 
reaction [OR 5.7], dislocation [OR 3.04] and aseptic loosening [OR 3.18] when compared to men.117  
Smaller femoral head size, acetabular geometry, metal allergy, and component malpositioning may be 
contributing factors.117 
 
Sex-specific disease prevalence may suggest underlying sex-based influences,119 and this may have 
impact on medical devices.  For spinal fusion devices for adolescent idiopathic scoliosis (AIS), there is 
a 1.5- to three-fold higher prevalence of AIS in girls than in boys.120,121  And for fracture fixation devices, 
bone growth stimulators, and stereotaxic devices, trauma fractures are more common among men in 
youth and among women in old age.122,123  Current treatment recommendations are the same, but will 
this be the case in the future? 
 
Disease Processes and Diagnostics 
 
For some disease processes, there is a sex-based divergence in gene association. This may have 
several implications for sex-based diagnosis and treatment strategies for these clinical conditions, as 
well as sex-based performance of medical devices for these clinical indications.  For Alzheimer’s, the 
presence of apolipoprotein E (ApoE)-4 has been associated with an increased risk of Alzheimer’s 
disease.124  This was later found true for women, but not as true for men.124  In post-traumatic stress 
disorder, studies have found an association for pituitary adenylate cyclase activating polypeptide 



  
   

CDRH Health of Women Program: Strategic Plan, January 2022 

FDA.gov     Page 28 

(PACAP) and PACAP selective (PAC1) receptor in women, but not in men; and for the glucocorticoid 
receptor gene in men, but not in women.125,126 
 
Mental health studies have shown that there is a sex-based difference in cellular reaction to chemical 
and microbial stressors.127  Substance abuse is affected by sex.128  Female rats present a greater 
stress-induced norepinephrine response than male rats.129,130  In humans, transient reduction of stress-
related cocaine and alcohol craving, anxiety and negative emotion has been shown in females, but not 
in males when using the alpha2 adrenergic agonist guanfacine, which attenuates the body’s neurologic 
reaction to stress.131  Sex-based differences in substance abuse and stress response may have 
implications for both sex- and gender-based differences in performance of devices for pain 
management. 
 
Estrogen effects on immune response and inflammatory reaction may affect performance of 
implantable and endovascular devices.  Estrogen increases the immune response while testosterone 
hinders it as supported by the greater incidence of posttraumatic pneumonia and multisystem organ 
failure in men versus women.132,133  Estrogen influences the brain’s response to acute stroke by acting 
on endothelial cells, microglia, astrocytes and neurons.100,134,135  Explicitly, estrogen is vasodilatory and 
antiadhesive in endothelial cell models, and suppresses inflammatory pathways in neural cells.100,134,135  
This may have implications for endovascular catheters, coronary stents, and neurologic and spinal 
implants. 
 
In multiple sclerosis, a disease characterized by neurodegeneration, inflammation and autoimmunity, 
sexual dimorphism is exhibited in both the reproductive and non-reproductive states.136  Sex-based 
differences for multiple sclerosis in the animal model (rodent experimental autoimmune 
encephalomyelitis) and in the human are now correlated with genetic factors.98  Some Y chromosomal 
genes in male mice are protective against the disease, and some X chromosomal genes have a 
disease-causing effect, and this may have implications for multiple sclerosis diagnosis and 
intervention.98 
 
There are sex-based differences in diagnostic testing patterns.  For women, the focus of imaging is 
changing from an anatomy-based coronary artery disease assessment to a more physiologic-based 
ischemic heart disease analysis.82,137  The reason for this shift is that women suffer more often than 
men from microvascular cardiac disease, primarily in the precapillary coronary arterioles.138  As a result, 
imaging limited to epicardial artery anatomy may be less useful in women than in men.139  In contrast, 
diagnostic measurements of cardiac perfusion, microcirculatory resistance, and coronary flow reserve 
may be more beneficial in women.140-143  This shift in diagnostic testing patterns is also evident in 
neurology where studies from the National Inpatient Sample showed that women with acute ischemic 
stroke were less likely to undergo cerebral angiography.144 
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Women are more prone to the hazards associated with ionizing radiation from computed tomography, 
and undergo diagnostic testing with computed tomography more frequently than men.132,145-147   Women 
having computed tomography, especially if under the age of 30 years, are projected to be at greater 
risk for developing cancer compared to males, with an estimated 66 percent of radiation-induced 
malignancies in women.145,148,149  Also, contrast-induced nephropathy and anaphylactoid reactions to 
radiographic contrast media are more common in females.146,150,151 
 
The diagnostic yield of computed tomography imaging of the pulmonary arteries (CTPA) to diagnose 
pulmonary embolism was considerably lower in women than in men.152  While use of validated 
screening tools for pulmonary embolism, particularly D-dimer measurement, may avert up to 30 percent 
of CTPA imaging studies, this is an incomplete solution for women.146,153,154  Female sex is an 
independent predictor for a positive D-dimer, with a false-positive-to-true-positive ratio of 9.5 in 
women.154 
 
There are sex differences in results of the urea breath test, a commonly used test for the diagnosis of 
Helicobacter pylori infection, with the adjusted mean urea breath test value higher in women than in 
men (33.8 versus 24.9 percent).155 
 
All of these observations – in humans and animals – at both non-clinical and clinical research levels – 
are evidence of sex-specific data. These observations indicate that innovative study designs and 
analytic approaches to enhance sex-specific data reporting from non-clinical studies, and sex- and 
gender-specific reporting from clinical studies, may be valuable. 
 

C.  Gender is a Clinical Variable 
 
The evolution of science continues to reveal that both sex and gender are key considerations in the 
development and performance of medical devices.25  Gender refers to the social construct by which we 
define ourselves as man, woman or other, is a continuum, and may change over the course of a 
lifetime.11  Gender plays an important role in human health and disease, and as such, is a clinical 
variable.  There are gender-based differences in mental health, pain assessment and management, 
psychiatric stressors, patient-centered outcomes, patient preferences for devices, substance abuse, 
risk behavior, and healthcare utilization.132,156-158  While sex and gender are distinct terms, it is important 
to recognize that sex and gender are interrelated and not always mutually exclusive.3  For instance, 
both sex and gender and their interactions may induce epigenetic events as in stress response and 
resultant physiological cascades.3  
 
Extensive literature outlines gender-based differences in the prevalence of mental health illnesses such 
as unipolar and bipolar depression, anxiety, schizophrenia, and suicide.157  Women are twice as likely 
as men to develop unipolar depressive disorders and present with different symptomatology.159  
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Patient-reported stress and anxiety are more frequent among women than men.160  Women are more 
apt to develop posttraumatic stress.159,161-163  In contrast, schizophrenia, antisocial personality disorder, 
and alcohol use disorder are diagnosed more often in men.90,159  And, although the suicide rate is four 
times higher in men,164 and men represent a four-fold higher rate of completed suicide,157 women have 
more suicidal ideation, recurrent deliberate self-harm, repeated suicide attempts, and use less lethal 
suicide methods.165-169 
 
Mental health disorders have been linked to multiple chronic conditions and correlate with an elevated 
risk of developing ischemic heart disease in both men and women.157,170  When epidemiologic data 
were pooled for depression, anxiety or panic disorder, social support, hostility, anger, personality (type 
D), type A behavior pattern, posttraumatic stress, and psychological distress, no gender differences 
were found for the pooled effect of mental health disorders and increased incident ischemic heart 
disease.170  Both men and women with mental health disorders have an equally elevated risk for 
developing ischemic heart disease.170   
 
There are gender-based differences in delays in seeking care for cardiac and cerebral episodes.82  
Women with acute ischemia tend to delay going to a health care facility by up to two to three hours 
compared to men.171  These longer prehospital delays have been shown to correspond with 
circumstances more attributable to women, such as living alone and having unwitnessed strokes.100,172  
Women have a lower probability of being admitted to intensive care units and are three-times more 
likely to receive a “do not attempt resuscitation” order within 24 hours of an intracerebral hemorrhage 
compared to men.173,174  And, after suffering a cardiac arrest, women have a higher tendency of life-
sustaining therapy withdrawal.175  
 
Over the years, there has been much research about gender-based differences related to pain 
experiences and analgesic effects.176,177  Wide variation in individual responses to opioid medications, 
due to underlying physiologic, genetic and hormonal determinants of the response, has made it diff icult 
to detect gender differences in clinical response.158  Nevertheless, it has been shown that there are 
gender-based differences in pain severity perceptions.158  In population-based research, women 
consistently experience more severe acute and chronic pain across a range of conditions than men.178-180   
 
Many biopsychosocial mechanisms are theorized to contribute to sex-based and gender-based 
differences related to the effects of acute and chronic pain, including variability in how sex hormones 
have impact on the functioning of central and peripheral nervous systems158,178,181,182; and gender-
based differentiations in stress-induced hyperalgesia and analgesia,182-184 psychological responses to 
stress and pain,181,182,185 endogenous opioid function,186,187 and pain reporting.178,181 
 
As the science progresses and more sex- and gender-specific data are accessible, innovators and 
researchers will better comprehend how to study the interaction of sex with gender,3 and will continue 
to identify possible sex- and gender-specific differences throughout the total product life cycle. 
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