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Are These People Similar?



Are These People Similar?



Are These People Similar?



NO!



Why Do Researchers Study Males
When Developing Therapies for

Both Sexes?
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Sex-Based Differences

• Men and women:
‒Manifest diseases differently
‒ Experience illnesses differently
‒ Respond to drugs differently
‒Metabolize drugs differently
‒ Respond to devices differently
‒ Have different outcomes following medical and 

surgical therapies



Common Clinical Diseases with Sex and 
Gender Differences

Danska, Sci Transl Med 2014



Framingham Heart Study, 1980–2003 
Go A S et al. Circulation. 2014;129:e28-e292

Incidence of Cardiovascular
by Age and Sex

Presenter
Presentation Notes
Incidence of cardiovascular disease (coronary heart disease, heart failure, stroke, or intermittent claudication; does not include hypertension alone) by age and sex (Framingham Heart Study, 1980–2003). Source: National Heart, Lung, and Blood Institute.4



United States: 1979–2010 
Go A S et al. Circulation. 2014;129:e28-e292

Cardiovascular Disease Mortality Trends 
by Sex
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Presentation Notes
Cardiovascular disease mortality trends for males and females (United States: 1979–2010). Cardiovascular disease excludes congenital cardiovascular defects (International Classification of Diseases [ICD], 10th Revision codes I00–I99). The overall comparability for cardiovascular disease between the ICD, 9th Revision codes (1979–1998) and ICD, 10th Revision codes (1999–2010) is 0.9962. No comparability ratios were applied. Source: National Center for Health Statistics and National Heart, Lung, and Blood Institute.



Sex-Based Differences for 
Cardiovascular Drugs

• Aspirin
‒ More beneficial for men than women

• Statins
• More beneficial in men for primary prevention
• Greater risk of adverse reactions in women

• Angiotensin converting enzyme inhibitors
‒ Cause more adverse effects in women

• Digoxin
‒ Associated with increased mortality in women

• Warfarin
‒ Women require lower doses than men

Rosano et al, Euro Heart Jounrnal, 2015
Bell & Nappi, Pharmacotherapy 2000

Goldschmidt-Clermont PJ et al, Clin Card 1996



Why Are Men and Women Given the 
Same Drug?



Why are Men and Women Given the 
Same Dose of the Drug?



Can You Think of Any Drugs that Are 
Dosed Based on Sex?







How Did We Get To This Point?

• Women have been poorly represented in 
clinical trials

• Sex-based differences have not been 
specifically sought out

• Sex-based differences are often not 
reported



The Revitalization Act of 1993

• Signed into law on June 10, 1993 in the US
• Requires that women and minorities be 

included as subjects in clinical research 
funded by the National Institutes of Health 
(NIH)



Where Are We At Now?
• Geller et al (2011)

‒ Federally funded RCT published in 2009
‒ 76% of RCT enrolled both men and women
‒ Females represented only 37% of the enrollment
‒ 64% of the studies did not specify their results by sex

• Clinical trials on statin use (2014)
‒ 1990-2000 – 19% women enrolled
‒ 2000-2010 – 31% women enrolled

• Hettrich et al (2015)
‒ Showed an increase in sex-specific analysis from 19% to 

30% from 2000 to 2010 in orthopedic literature
Farahani,  2014

Geller et al, J Womens Health 2011
Hettrich et al, Clin Ortho & Related Res 2015



Root of the Problem

Cell research 
(basic science)

Animal research 
(translational)

Human research 
(clinical)

?
?



Root of the Problem

Cell research 

Animal research

Human research
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Our Study

• Goal
‒To determine if a sex bias exists in basic and 

translational surgery research
• Hypothesis
‒Sex bias exists in surgical biomedical 

research



Methods

• Evaluated ALL publications in 2011-2012 in:
‒ Annals of Surgery
‒ American Journal of Surgery
‒ JAMA Surgery
‒ Journal of Surgical Research
‒ Surgery



Methods

• Variables abstracted:
1. Type of study (cells, animals, humans)
2. First author name
3. Title
4. Institution affiliation
5. Single or multi-center study
6. National or international
7. Sex-specific disease (i.e., ovarian, testicular, etc.)
8. Number of animals used
9. Sex of the animals and/or cells
10. Presence of sex-based reporting





Sex Bias Exists with Animal Research
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Sex Bias Exists with Animal Research
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Sex Bias Exists with Cell Research
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Sex Bias Exists with Cell Research
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Does Sex Disparity Exist When Studying 
Diseases Prevalent in Females?

• Diseases prevalent in women:
‒ Cardiovascular disease
‒ Thyroid disease
‒ Obesity
‒ Depression
‒ Cholelithiasis
‒ Migraines
‒ Irritable bowel syndrome
‒ Multiple sclerosis
‒ Rheumatoid arthritis



Does Sex Disparity Exist When Studying 
Diseases Prevalent in Females?

• 45 manuscripts:
• 29 cardiovascular 

disease
• 16 thyroid disease

• 44% did not specify the 
sex studied (n=20)
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Has Sex Disparity in Surgical Research 
Improved or Worsened Over Time?
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Implications of Sex-Biased Research

• Drugs are developed that may be ineffective for 
women

• Drugs are developed that may have unidentified side 
effects in women

• Drugs that show no efficacy in men are not 
developed further

• Drugs that are studied in both sexes, but with 
aggregated data, may be more effective in one sex 
over the other

Presenter
Presentation Notes
Diabetic drugs may lower womens risk of heart failure but not mensBP meds and antibiotics are more effective in women than men



What About Human Clinical 
Research in Surgery?





Overall Assessment of the Manuscripts
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Inclusion of Both Males and Females
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Surgical Research Does Not Match 
Inclusion of Males and Females Well

E.g., 100% matching = 50 male +50 female E.g., 50% matching = 50 males + 25 females
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Mansukhani et al, JAMA Surgery 2016



GAO 2015 Report

• More females than males 
were included in NIH-
funded clinical research

• But, despite the NIH 
Revitalization Act of 1993 
and increased female 
enrollment in clinical 
trials, sex-based reporting 
and analysis of results 
remains an area of 
disparity



Drugs Removed From the Market

• 80% of drugs have been 
removed from the U.S. 
market due to a greater risk 
of serious adverse reaction 
in women compared to 
men

Zopf et al, Euro J Clin Pharm 2008
Heinrich.  US GAO-01-286R, 2001

Tharpe.  J Midwif & Womens Health 2011



Adverse Effects of Drugs in Women

• The odds of an adverse drug reaction in 
women is 50% greater than in men

• Women are more likely to be hospitalized due 
to an adverse drug reaction

Zopf et al, Euro J Clin Pharm 2008
Heinrich.  US GAO-01-286R, 2001

Tharpe.  J Midwif & Womens Health 2011





Some Good News….

• We recently examined subsequent citations of 
the publications from our studies

Xiao et al, JAMA Surgery March 2018



Sex Inclusive Research Received More 
Citations

•2.8 more 
citations

Sex-based 
reporting

•3.5 more 
citations

Sex-based 
statistical 
analysis

•2.6 more 
citations

Sex-based 
discussion

Data reported as mean increase in citations

Articles with 
better sex 
matching 

received an 
increase of 1 
citation per 

4.8% increase 
in percentage 

of sex matching 
(95% CI, 2.0%-
7.7%, P = .001)



How Do We Fix This Problem?



Increased Awareness

Investigators

Physicians

Patients



Increased Awareness

Feb 2014



Increased Awareness



National Institutes of Health
• Announced plans for a new policy in May 2014
• To require investigators “to report their plans for the 

balance of male and female cells and animals in 
preclinical studies in all future applications”





NIH Study Sessions

• June 2016 – first NIH study sections with the new 
requirements

• Consideration of sex as a variable is a score 
deriving factor in the approach!

• Example:  
‒ “We will attempt to use all male mice since the 

incidence of aneurysm development is higher in males 
(80% vs 50%)” –June 2016

‒ “Since no known differences have been reported in 
graft hyperplasia by sex, we will study only males”.      
–Feb 2017

‒ “We will study male pigs” –June 2018



Publications





Journals

• Should require all authors to provide a 
description of the sex studied for cell, animal 
and human research

• If only one sex is studied, justification of a 
single-sex model should be required

• Would like ALL journals to require this



Surgery Journal Editors Group (SJEG)

July 2018



Food & Drug Administration (FDA)

• Should require ALL New Drug Applications to 
include the study of both sexes AND provide 
sex-based reporting of the data

• Should require ALL clinical trials to balance 
enrollment of men and women, AND conduct 
sex-based reporting of the data



FDA



7 research priority goals



Industry Funded Research

• Currently, there is no mandate or policy for 
industry sponsored clinical trials.

• The same guidelines that apply to government 
funded research and clinical trials should 
apply to industry sponsored clinical trials, 
given that these represent the majority 
(~90%) of clinical trials



Government

• Congressman Jim Cooper has proposed a new 
bill:  “Research for All Act of 2015”

• Requirements 
for both the 
FDA and NIH





Summary

• Sex matters!
• Research is fraught with sex bias
• Of manuscripts that stated the sex of the animal 

or cell studied, 80% studied only males
• Human surgical research needs better inclusion 

of both sexes, and data should be reported and 
analyzed by sex

• Great need for increased awareness
• Need for policy changes
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Conclusion
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