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Workshop Summary 


OVERVIEW 

On August 30, 2011, the Institute of Medicine hosted a work
shop, Sex-Specific Reporting of Scientific Research, sponsored by the 
Office of Research on Women’s Health (ORWH) of the National Insti
tutes of Health (NIH).

The workshop was planned in collaboration with the Institute of Medicine’s 
Board on Health Sciences Policy and was organized by an independent planning 
committee whose role was limited to identification of topics and speakers. The 
present summary was prepared by the rapporteur as a factual summary of the 
presentations and discussions that took place at the workshop. Statements, rec
ommendations, and opinions expressed are those of individual presenters and 
participants and are not necessarily endorsed or verified by the National Acade
mies, and they should not be construed as reflecting any group consensus. 

1 The workshop explored the need for sex-specific 
reporting of scientific results; potential barriers and unintended conse
quences of sex-specific reporting of scientific results; experiences of 
journals that have implemented sex-specific requirements, including the 
challenges and benefits of such editorial policies; and steps to facilitate 
the reporting of sex-specific results. Presenters and participants included 
current and former editors of scientific journals, researchers, and scien
tists and policymakers from government, industry, and nonprofit organi
zations. Presentations and discussions highlighted the importance to both 
women and men of having sex-specific data, the problems with sample 
size and financial constraints for conducting the research, the appropri
ateness of sex-specific analyses, and the limitations of journal policies to 
change experimental designs. During closing remarks, the planning 
committee chair summarized some of the individual suggestions dis
cussed for advancing sex-specific reporting as: identifying the sex of 

1
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2 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

populations in journal populations, sharing of sex-identified raw data, 
giving “extra credit” in review to manuscripts that include sex-specific 
information, and requiring sex-stratified analyses where applicable. 

INTRODUCTION 

The number of women participating in clinical trials has in
creased over the last two decades, but women are still underrepresented 
in clinical trials in general. Some of the overall increase can be attributed 
to the greater number of women-only trials (of therapies for diseases that 
affect only women). Even when women are included in clinical trials, the 
results are often not analyzed separately by sex. 

On August 30, 2011, the Institute of Medicine (IOM) Board on 
Population Health and Public Health Practice hosted the workshop Sex-
Specific Reporting of Scientific Research. Nancy Adler, professor of 
medical psychology at the University of California, San Francisco, and 
workshop chair, cited a recent review of high-impact publications of 
clinical studies, including clinical trials and prospective cohort studies, of 
non–sex-specific cancers. It found that women constituted less than 40% 
of participants (Jagsi et al., 2009). Other research indicates that studies of 
cardiovascular disease are particularly male-biased. A review of 19 ran
domized controlled cardiovascular trials found that only 27% of the par
ticipants were female and that only 13 of the studies presented sex-based 
analyses of the data (Kim and Menon, 2009). That bias is often uninten
tional, Adler noted. In designing inclusion criteria, for example, early age 
of onset of myocardial infarction and chest pain as a presenting symptom 
will favor the enrollment of men over women (Bairey Merz et al., 2006; 
Canto et al., 2007; Gurwitz et al., 1992). Similarly, the end points select
ed can lead to bias. Unstable angina, stroke, and unrecognized myocardi
al infarction are more common in women, and if a study does not include 
these as end points, cardiovascular disease in female participants may be 
underestimated. Bias in inclusion criteria in human immunodeficiency 
virus (HIV) studies has also been reported (Gandhi et al., 2005). In addi
tion, there is a substantial male bias in animal models of disease, even for 
diseases that are more prevalent in women.  

A recent IOM consensus report, Women’s Health Research: 
Progress, Pitfalls, and Promise (IOM, 2010, p. 12), found that 

limitations in the design, analysis, and scientific reporting of 
health research have slowed progress in women’s health. In



 
 

   

 
 

  
 

 

 

 
 

 

 

 

 
 
  

 

 
 

 
 
 
 

3 WORKSHOP SUMMARY 

adequate enforcement of recruitment of women and of report
ing data by sex has fostered suboptimal analysis and reporting 
of data on women from clinical trials and other research. That 
failure has limited possibilities for identifying potentially 
important sex or gender differences. New methods and ap
proaches are needed to maximize advances in promoting 
women’s health. 

On the basis of that finding, the IOM committee recommended 
(IOM, 2010, p. 13) that 

the International Committee of Medical Journal Editors and 
other editors of relevant journals should adopt a guideline that 
all papers reporting the outcomes of clinical trials report on 
men and women separately unless a trial is of a sex-specific 
condition. . . . The National Institutes of Health should spon
sor a meeting to facilitate the establishment of the guidelines. 

To address the recommendation, the NIH ORWH requested that 
the IOM convene a 1-day workshop to explore the benefits of and barri
ers to sex-specific reporting of scientific data. The workshop brought 
together representatives of academe, industry, government, and research-
advocacy organizations and editors of leading scientific and medical 
journals to consider 

the need for sex-specific reporting of scientific results; 
potential barriers to and unintended consequences of sex-specific 
reporting of scientific results; 

	 experiences of journals that have implemented sex-specific re
quirements, including the challenges and benefits of such editorial 
policies; and 

x 
x 

x

x	 steps to facilitate the reporting of sex-specific results. 

The present report summarizes the presentations and discussions 
by the expert panelists. The first session focused on why sex-specific 
reporting is important. Panelists highlighted historical and current events 
that have hindered or helped to advance the study of women. In the next 
session, panelists in academe discussed the challenges of collecting, ana
lyzing, and reporting sex-specific data from the researcher’s perspective. 
That was followed by two panels of leading journal editors who shared 
their experiences in developing and implementing editorial policies and 
the implications of sex-specific reporting policies for journals. In the 



  
 

 

  
           

       
 

  

 

  

 
  

 

  
 

 
   

 

 
  

 
 

 
 

 

 

4 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

final session, members of the workshop planning committee and others 
reflected on the discussion and summarized the individual suggestions 
made over the course of the day for advancing sex-specific reporting of 
scientific research. 

BOX 1
 
A Brief History of Inclusion of Women in Clinical Research
 

Funded by the National Institutes of Health
 

	 Late 1980s: Concerns were first raised that clinical research on condi-
tions that affect both women and men was being conducted primarily in 
a homogeneous white male population but that the results were being 
applied in medical practice to both men and women of all races.  

	 1990: ORWH was established in NIH to ensure that women are includ-
ed in NIH-funded clinical studies.  

x

x

x	 1993: NIH policies on the inclusion of women and minorities in clinical 
research became law as a result of the NIH Revitalization Act of 1993 
(PL 103-43). The act included four major requirements. NIH must 

ensure that women and members of minority groups and 
their subpopulations are included in all human-subjects 
research;  
ensure that in phase 3 clinical trials, women and minori-
ties and their subpopulations are included in such a way 
that valid analyses of differences in intervention effect can 
be performed; 
not allow cost to be used as an excuse for excluding 
these groups; and 

�

�

�

� initiate programs and support for outreach efforts to re-
cruit these groups into clinical studies.  

x	 2000: The U.S. General Accounting Office (GAO; now the Government 
Accountability Office) reported that NIH had made substantial progress 
in strengthening and implementing its policy on inclusion of women in 
clinical trials. 

SOURCE: Clayton, 2011. 

INCLUSION OF WOMEN IN CLINICAL TRIALS FUNDED BY 

THE NATIONAL INSTITUTES OF HEALTH 


On behalf of the workshop sponsor and as background for the 
discussions, Janine Clayton, deputy director of ORWH, provided a brief 
history of the inclusion of women in NIH-funded clinical studies (Box 
1). Despite the success of NIH efforts to enhance enrollment of women, 



 
 

 

 

 

 

 

 
 

 

 

 
 

 

5 WORKSHOP SUMMARY 

the law and policy apply only to NIH-funded studies, not to studies done 
by or supported by other agencies or entities. In addition, NIH cannot 
require editors and journals to mandate inclusion of analysis by sex in 
reports of studies. As a result, key health data are not reaching other re
searchers and the public. 

To begin to address that situation, ORWH established a working 
group of scientific-journal editors as an ad hoc subgroup of the Advisory 
Committee on Research on Women’s Health. In 2001, the group issued a 
statement calling on scientific journals to require that, where appropriate, 
clinical and epidemiologic studies be analyzed to see whether there is an 
effect of sex; if there is no effect, that should also be reported. Any statis
tical limitations of such analyses should be made clear. To date, howev
er, very few journals have adopted such a policy. Clayton cited the 
Journal of the National Cancer Institute (JNCI) as an example of jour
nals that address sex-specific analysis in their instructions for authors. 

The continuing challenge, Clayton concluded, is to get sex-
differences research accomplished and the results reported, from basic 
through applied research. 

WHY SEX-SPECIFIC REPORTING IS IMPORTANT 

Early History 

Ameeta Parekh, director of research and development in the Of
fice of Women’s Health of the U.S. Food and Drug Administration 
(FDA), reminded participants that the severe birth defects associated 
with thalidomide use by pregnant women in the 1960s led to a conserva
tive approach to testing of new drugs in women. In 1977, FDA issued 
General Considerations for the Clinical Evaluation of Drugs, which stat
ed that “women of childbearing potential should be excluded from the 
earliest dose-ranging studies.” Although the guidance went on to state 
that such women could be included in further studies if additional evi
dence had been amassed on the safety or preclinical toxicity of a drug, 
that exclusion inadvertently led to the underrepresentation or exclusion 
of women from all clinical trials. The exclusion of women from clinical 
research was not generally questioned, because sex was not recognized 
as a variable in health research and was not considered to be a factor that 
could affect health and illness. In addition, investigators believed that 
women were more difficult to study because they introduced more varia
bles (for example, hormonal cycles) and were difficult to recruit. The 
result of not studying women is gaps in our knowledge and understand



  
 

 

  
 

 

 

 
 

 

 

 

 

  

 

6 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

ing of the differences between men and women with regard to treatments 
and response. 

Carolyn Clancy, director of the Agency for Healthcare Research 
and Quality (AHRQ), added that the first randomized trial of estrogen to 
prevent heart disease was conducted in the early 1960s in men. The ef
fect of estrogen on heart disease in women was not studied in a random
ized trial until the Women’s Health Initiative, 35 years later.  

The Need to Study Both Sexes 

Martha Nolan, vice president for public policy of the Society for 
Women’s Health Research (SWHR), said that there is a great need to 
identify biologic and physiologic differences between men and women 
and to understand the implications of the differences for diagnosis and 
treatment. She noted, for example, that more women than men take anti
depressants; women respond more slowly and are less likely to achieve 
an optimal response to treatment for depression; and women are more 
likely to stop using the medication because of adverse events. There are 
many other examples of differences that are not fully understood. Female 
athletes, especially those in contact sports, sustain a higher percentage of 
concussions during play than male athletes do, but virtually all the litera
ture and mass-media attention is on male football and ice-hockey play
ers. Transplantation of donor organs from females is less successful than 
transplantation from males. Boys are more likely than girls to receive a 
diagnosis of peanut allergy early in life, but by the age of 24, more wom
en than men are receiving the diagnosis. 

Parekh provided further support for the need to study both sexes. 
Women make up more than 50% of the U.S. population (50.7% accord
ing to the 2010 U.S. Census) and on the average outlive men (80.7 years 
vs 74.8 years). Many diseases place a heavier burden on women than on 
men (consider, for example, heart disease, cancer, rheumatoid arthritis, 
lupus, and osteoporosis); however, treatment guidelines are based largely 
on data on men. Women also rely more on medical systems than men do 
and are likely to seek treatment sooner. 

Jesse Berlin, vice president of epidemiology at Johnson & John
son Pharmaceutical Research and Development, said that sex-specific 
reporting helps to define the most appropriate population for treatment 
and to determine whether benefits or harms differ by sex. Differences 
between the sexes are more than just pharmacokinetic, however. For ex
ample, Berlin cited a recent report that describes sex-specific differences 
in cell regulatory processes (Mittelstrass et al., 2011). 



 
 

 

 

  

 

 

 

 
 

 
 

 

7 WORKSHOP SUMMARY 

Sex-specific analysis and reporting are not just “women’s 
health” issues. Better data on women would be better data for everyone, 
Clancy said. Sex-specific data could allow guidelines to be more specific 
and allow clinicians to better tailor care to individuals.  

Speakers also presented examples of the importance of sex-
specific differences. One example of critical differences between males 
and females is drug-induced electrocardiographic changes. Parekh ex
plained that several drugs withdrawn from the market were associated 
with prolongation of the QT interval (a measure of cardiac repolariza
tion) and torsades de pointes (a potentially fatal form of polymorphic 
ventricular tachycardia). Women have a longer baseline QT interval and 
a higher propensity for drug-induced QT prolongation, and they are two 
to three times more likely to develop torsades than men. The effects of 
drugs being studied for cardiotoxicity, Parekh said, need to be looked at 
and understood in both men and women. 

A more recent example of the importance of sex-based data is A 
Diabetes Outcome Progression Trial (ADOPT), a randomized controlled 
trial (RCT) that compared rosiglitazone with metformin and glyburide 
over several years. The overall fracture rate associated with rosiglitazone 
use was higher than that associated with glyburide and metformin, but 
analysis by sex showed that women had a rate of fractures twice that of 
men (Kahn et al., 2008). As a result, the label for rosiglitazone includes 
data on the increased fracture risk for women.  

Raising Awareness of Sex Differences 

A 1992 GAO review of FDA policies and pharmaceutical-
industry practices found that women were not adequately included in 
clinical studies and that data were not analyzed for sex differences with 
any consistency, and that consequently there was a lack of understanding 
of sex differences (GAO, 1992). As a result, Parekh said, FDA issued 
several new guidance documents and regulations. The 1977 policy that 
mentioned exclusion of women of childbearing potential was reversed 
through the 1993 guideline Study and Evaluation of Gender Differences 
in the Clinical Evaluation of Drugs, which recommended collection and 
analysis of data on sex differences in effectiveness, adverse effects, 
pharmacokinetics, and pharmacodynamics.  

The 1998 investigational new drug (IND) application and new 
drug application (NDA) regulation, also called the demographic rule, 
requires NDA submissions to provide safety and effectiveness data and 
IND submissions to tabulate numbers of participants according to age, 



  
 

 

 

 
 

 

 

 

 
 

 

 

 

                                                 

 
 

8 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

race, and sex. In 2000, FDA issued the clinical-hold rule, which permits 
FDA to stop IND studies of treatments for life-threatening diseases if 
women are excluded because of their reproductive potential. 

Parekh noted that data reported in poster sessions at a recent 
Drug Information Association meeting indicated that analysis of safety 
and efficacy data by sex has been increasing—around 75% of clinical 
trials in 2007–2009 reported analysis by sex—and a review of approved 
product labels found that nearly all included pharmacokinetic infor
mation by sex. 

With regard to reporting in the literature, Nolan said that a dec
ade ago the NIH ORWH, in collaboration with SWHR, convened a meet
ing of scientific-journal editors to discuss the development of specific 
instructions for authors and reviewers about the analysis of clinical-trial 
data by sex. However, in an informal survey of 11 science journals

Journal of the National Cancer Institute (JNCI), Circulation, JAMA, New Eng-
land Journal of Medicine, Endocrinology, American Journal of Physical Medi-
cine & Rehabilitation, BMJ, Lancet, Immunology, Gastroenterology, and 
Urology. 

2 con
ducted by SWHR in 2010, only JNCI and Circulation required reporting 
of sex differences; the others did not set any sex-specific requirements 
for authors. 

Nolan cited several recent articles that draw attention to the need 
to consider sex differences. In March of 2010, an article in Science re
ported on sex bias in animal models and predicted that reporting would 
change if journals adopted a common set of guidelines for manuscripts to 
provide details on the sex of the animals used and required authors to 
state their rationale for studying only one sex and the implications of not 
studying the other (Wald and Wu, 2010). A June 2010 editorial in Nature 
suggested that funding agencies should require researchers to justify sex 
inequalities in grant proposals and should favor proposals that include 
both sexes; that FDA should ensure that physicians and the public are 
aware of sex differences in drug reactions and dosages; and that medical 
schools should train physicians in how diseases, symptoms, and drug 
responses can differ by sex (Putting gender on the agenda, 2010). The 
editorial also noted that Nature was considering whether to require au
thors to document the sex of animals in published papers. Finally, an ar
ticle in the New England Journal of Medicine in June 2010 noted how 
the global H1N1 influenza pandemic disproportionately affected preg
nant women and stressed the need for inclusion of pregnant women in 
clinical trials (Goldkind et al., 2010). 

2



 
 

 

 

 

 

 

 
 

 

 

 

 

9 WORKSHOP SUMMARY 

The Department of Defense and the Department of Veterans Af
fairs are beginning to examine sex differences, such as how psychologic 
and physical health conditions affect female soldiers and veterans, Nolan 
said. These agencies are also reporting when research shows no differ
ence between the sexes. 

Great strides have been made in raising public awareness about 
sex-based differences in cardiovascular, muscular, skeletal, and behav
ioral health and disease, but only rarely are medical-care options tailored 
to the patient’s sex, Nolan said. She suggested that it could take less time 
for research to be translated into medical practice if major journal pub
lishers required analysis by sex and reporting of differences found or the 
lack thereof. 

Barriers to Studying Sex Differences 

There are both technical and political barriers to advancing 
knowledge of sex differences. Clancy described an imbalance between 
the fear of not knowing what the health-related differences between men 
and women are and the fear that identifying such differences is somehow 
impolitic or inappropriate. When the fear and concern associated with 
not knowing overpower concerns about the influence of politics on sci
ence, studying sex differences will become straightforward, she said. 

There are methodologic challenges to studying population sub
groups, such as males and females. A primary issue in breaking down 
data by sex is sample size. Berlin asked, Are two separate, adequately 
powered studies, one in each sex, needed? Or can a single study have 
sufficient statistical power to detect interaction? Separate studies of men 
and women risk confounding. Separate studies of men and women might 
use different doses as in, for example, studies of aspirin and myocardial-
infarction prevention. It could then be difficult to tell whether differences 
in outcome were due to different doses, sex, or other factors. Instead, 
conducting two studies, each with both men and women, might allow 
stratification of both studies by sex and provide replication for sex-
specific findings. Alternatively, meta-analytic principles could be applied 
to a program of development and testing.  

A barrier to meta-analysis is availability of data. Clancy noted 
that the opportunity to conduct meta-analyses often rests on the goodwill 
of investigators in sharing data from clinical trials. As data collection has 
moved from paper to electronic form, the technical barriers to data-
sharing have diminished. The unanswered question is who owns the data, 
particularly when studies have been funded with taxpayer dollars. With 



  
 

 

 
 

 

  
 

 
 

 

 

 
 

  
 

 

                                                 

10 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

regard to sample size, meta-analysis of clinical data can be a valuable 
exercise before investment in a large clinical trial—it can help in design
ing trials strategically. 

Other Groups 

Although the focus of the workshop was on sex-specific analysis 
and reporting, some panelists pointed out that race and ethnicity may also 
be clinically relevant, as may other clinically, genetically, or socially 
defined characteristics. Berlin cited Freedman and colleagues (1995), 
who discussed the possibility of finding clinically unimportant but statis
tically significant differences or clinically important but statistically 
nonsignificant differences and argued against separate results in the ab
sence of a priori evidence of subgroup differences. Berlin argued, how
ever, that such clinical-trial results can point to basic science and the 
needs for further elucidation. 

Clancy referred participants to a 2009 Kaiser Family Foundation 
report, Putting Women’s Health Care Disparities on the Map: Examining 
Racial and Ethnic Disparities at the State Level.

See http://www.kff.org/minorityhealth/7886.cfm (accessed August 26, 2011). 

3 The principles being 
discussed in the present workshop do not refer only to definitions of gen
der and sex but extend to other population groups as well, she stressed. 

Managing the Data 

Parekh highlighted several current FDA initiatives, including one 
focused on standardizing the data that are electronically submitted to 
FDA so that analysis of data on women and other populations is easier.  

Clancy raised the concept of a learning health care system 
whereby medical knowledge is advanced by making use of the substan
tial amounts of data and other information collected every day in the 
provision of health care. The implementation of electronic health-record 
systems is a key component of a learning health care system. Many pro
fessional societies and other organizations have created patient-level reg
istries, which offer another method of collecting data. Clancy added that 
AHRQ is using American Recovery and Reinvestment Act funds desig
nated for comparative-effectiveness research and patient-centered out
comes research to develop “a registry of registries” that will be 

3
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11 WORKSHOP SUMMARY 

functionally interoperable with the clinical-trial registration database, 
ClinicalTrials.gov. 

THE RESEARCHER PERSPECTIVE:  

COLLECTING, ANALYZING, AND REPORTING SEX-

SPECIFIC DATA 


Researchers encounter barriers to the reporting of sex-specific 
biomedical research results well before the publication stage, said session 
moderator Jon Levine, director of the Wisconsin National Primate Re
search Center and editor-in-chief of Frontiers in Neuroendocrinology. 
Challenges emerge in designing experiments, applying for grants, and 
making the most of limited funding inasmuch as these activities build on 
the existing knowledge base, which is historically biased toward males.  

Collecting the Data: Sex in Biomedical Research 

The Politics of Sex Differences 

Biases against studying females are embedded in the research 
culture, and there are numerous misconceptions, said Larry Cahill, pro
fessor of neurobiology and behavior at the University of California, 
Irvine. In neuroscience, for example, some think that if there is no behav
ioral difference between the sexes, there is no brain difference. It is 
known, however, that identical behaviors can be manifested through 
different neurobiologic mechanisms. Others assert that consideration 
of sex differences makes things more complicated. But analyzing data by 
sex can sometimes provide clarity. 

Cahill offered an example of sex differences in brain function 
from his work on emotional memory. He discovered that the amygdala 
operates differently in men and the women when they watch the same 
emotional event; activity in the left-hemisphere amygdala is more pre
dictive of memory of a given event in women, while activity in the right-
hemisphere amygdala is more predictive of memory of the same event 
in men.  

The greatest obstacle to moving forward, Cahill said, is the pro
found biases that exist against the consideration of sex differences. Such 
biases may be even greater in studies of the brain. Sex differences in the 
liver or kidneys are not particularly controversial, but sex differences in 
the brain can become a political issue. Cahill said that researchers need 

http:ClinicalTrials.gov


  
 

 

 

 

 

 
 

 
 
 

  

 

 
 

 

12 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

to be bold and assert that male-only studies are not good enough any
more. How many false conclusions have been published as a result of 
failure to consider sex differences? he asked. 

Male Bias in Animal Studies 

One argument for the preferential use of males in animal studies, 
said Rae Silver, Kaplan Professor of Natural and Physical Sciences at 
Barnard College and Columbia University, is that females are more vari
able than males, partly because of cyclic reproductive hormones. There is 
evidence that some behaviors exhibit cycle-related variations, but in most 
instances there is little or no evidence that such variations make female 
models inappropriate.  

But the arguments persist. One commentary cited by Silver de
scribed how a particular rat model of arthritis was more reproducible in 
male rats and that therefore far fewer males than females were needed to 
achieve statistically significant results. The researcher asserted, however, 
that the results were applicable to both sexes. 

One argument that is true is that the cyclic nature of female sex 
hormones necessitates larger samples and more test groups in rodent 
work. Studying females requires more time, is more labor-intensive, and 
is more expensive than studying only males. Researchers must often jus
tify the cost, as well as the increased use of animals, to their administra
tion or institutional animal-care-and-use committee.  

Silver questioned whether it would be possible to require the 
animal-research community to include both males and females when ap
propriate, as has been done for humans. Workshop participant Vivian 
Pinn, director of ORWH, responded that it takes great effort for NIH to 
monitor the mandated inclusion of women and minorities in clinical tri
als, and it could become overwhelming to monitor the sex of animals in 
studies in the same way. It would be more practical, and probably as ef
fective, if researchers knew that information on the sex of animals was 
desired or required when submitting the results of studies for publication.  

Sex Differences Across the Full Spectrum of Research 

Denise Faustman, director of the Immunobiology Laboratory at 
Massachusetts General Hospital, noted that three large phase 3 clinical 
trials of type I diabetes products had recently failed; together, they were 
estimated to have cost over $3 billion to conduct. In two of those trials, 
she said, enrollment of males and females was fairly well balanced— 



 
 

 
 

 

 
 

 

 

 

 
 

 

 

 

 

 

13 WORKSHOP SUMMARY 

about 60–70% men. The preclinical data that informed the human trials, 
however, were obtained solely in female mice. She asked how these 
large, expensive trials might have been designed differently if phar
macokinetics or responsiveness or the stage of the disease had been 
studied in both male and female animals. The blame for failed clinical 
trials is shared equally by the clinical researchers who design and con
duct the trials and the basic researchers who continue to publish data on 
only males or only females because it is easier. Sex differences must be 
considered and reported across the whole spectrum of research, 
Faustman said. 

Subpopulations of Males and Females 

A participant pointed out that males and females constitute broad 
subpopulations that can each be divided. For example, women in the fol
licular phase are different from women in a luteal phase; prepubertal 
women are different from postpubertal women; women taking hormone-
replacement therapy are different from women who are not; and women 
taking estradiol and progesterone are different from women taking 
Premarin with hydroxyprogesterone acetate. Similarly, men taking an
drogens are different from men who are not. Those who understand or 
study reproduction or endocrinology are more aware of these issues, but 
researchers in other fields often are not. A challenge is how to make re
searchers more aware. Cahill concurred, noting that in his early work on 
emotional memory he simply divided subjects into men and women, but 
he later discovered that the division had led to false conclusions. He 
failed to find enhancing effects of stress hormones on memory in wom
en, he explained, because he had not accounted for menstrual cycle or the 
use of hormonal contraception. 

Analyzing the Data: Methods of Subgroup Analysis 

Analysis and Interpretation of Subgroups 

Clinical-trial data reflect groups of participants, explained John 
B. Wong, chief of the Division of Clinical Decision Making at Tufts 
Medical Center, but each patient that a physician sees is a unique indi
vidual with unique risk factors, genetic profile, experiences, and medica
tions. The question is which of the participants in a randomized 
controlled trial is the same as the patient about to be treated. That is the 
driving force for subgroup analysis. 



  
 

 

 

 
 

 
 

 

 

 

 

 

14 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

Wong offered a cautionary tale about subgroup analysis. The In
ternational Study of Infarct Survival, a randomized controlled trial of 
thousands of patients, found an overall statistical benefit of aspirin over 
placebo in prevention of death (ISIS-2, 1988). Sleight (2000) conducted 
an analysis of 12 subgroups and identified two that had a nonsignificant 
adverse effect. Those two subgroups, Wong revealed, were participants 
whose astrologic signs were Gemini and Libra. That is amusing at first, 
but Sleight, a noted statistician, stressed in his publication that “when 
clinicians believe such subgroup analyses, there is real danger of harm to 
the individual patient” (Sleight, 2000, p. 25). 

Frequentist Statistics and Null-Hypothesis Errors 

The frequentist statistical perspective, sometimes called the null 
hypothesis, begins with the position that a drug and a placebo are equal. 
Given that assumption, any observed differences in results would be due 
to chance. Given the alternative hypothesis that the drug and the placebo 
are different, observed differences in results would be due to differences 
between the drug and the placebo, but the null hypothesis is easier to test.  

Wong pointed out the problems of type I and type II errors, and 
the often greater concern about the former, and the problem of statistical 
power where an inadequate sample size increases the chance of a type II 
error. Wong further explained that two types of errors can occur in asso
ciation with a hypothesis that there is no difference between drug and 
placebo (Table 1): either the drug is truly beneficial or not, and the study 
either suggests that the drug is beneficial or not. A type I error occurs 
when the study results show that the drug is beneficial but in fact it is 
not—a false positive. There is less than a 0.05 probability (D = 0.05) that 
this would be the case if it were assumed that the drug was equivalent to 
the placebo. A type II error occurs when the study results show that the 
drug is not beneficial but, in fact, it is—a false negative. There is usually 
a probability of 0.1–0.2 (E = 0.2 or E = 0.2) that this would be the case if 
it were assumed that the drug was equivalent to the placebo.  

The consequence of these two kinds of errors in subgroup analy
sis is multiplicity. For a type II error, if a drug is truly beneficial (the 
unknown truth is that it works), the probability that the study will erro
neously find the drug to be not beneficial is about 20% [1 í 80% = 20%]. 
Assuming that each subgroup is independent, and two subgroups are ana
lyzed, the probability of erroneously finding the drug to be not beneficial 
in at least one subgroup increases to 36% [1 í (80%)(80%) = 36%]. With 
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12 subgroups, there is a 93% chance of an erroneous finding that the 
drug is not effective in at least one subgroup [1 í (80%12) = 93%].  

For a type I error, if the drug is truly not beneficial, the probabil
ity that the study will erroneously find it to be beneficial is 5% if there 
are no subgroups [1 í 95% = 5%], 10% if there are two independent 
subgroups [1 í (95%)(95%) = 10%], and 46% if there are 12 subgroups 
[1 í (95%12) = 46%]. 

Having described the general concerns subgroup analysis, Wong 
suggested Bayesian statistical inference as one possible approach to re
porting of sex-based subgroups. Bayesian inference is a method of show
ing how knowledge or belief is altered by data (for further background, 
see Goodman, 1999). It provides a framework for combining prior belief 
or evidence with current evidence. The FDA guidance on using Bayesian 
methods for medical-device clinical trials, Wong said, describes it as 
“learning from evidence as it accumulates” (FDA, 2010, p. 5). 

WORKSHOP SUMMARY 

TABLE 1  Errors of Hypothesis Testing 

 Truth 

Drug Beneficial Drug Not Beneficial 

Study 
Result 

Drug 
Beneficial 

1 ņ ȕ = 0.80 
Power 

Į = 0.05 
Type I error 

Drug Not 
Beneficial 

ȕ = 0.20 
Type II error 

1 ņ Į = 0.95 

SOURCE: Wong, 2011, Slide 6. 

To illustrate the use of Bayesian inference, Wong asked: What is 
the probability that an asymptomatic woman 40–50 years old with a 
positive mammogram has breast cancer? Prior knowledge is that about 
0.8% of asymptomatic 40- to 50-year-old women have breast cancer. In 
other words, of 1,000 asymptomatic women, based on prior knowledge 
of prevalence, eight (0.8%) would have breast cancer. Seven of those 
eight (90%) would have positive mammograms. However, 69 (7%) of 
the remaining 992 women who do not have breast cancer would have 
positive mammograms. The Bayes rule, or a Bayesian interpretation, 
Wong explained, would suggest that the probability of breast cancer in 
those with positive mammograms is 7 of the total positive mammograms 
(7 + 69), or 9%, because so many more women do not have breast cancer 



  
 

 

 
 

 

 
 
 
 

 

 
 

 

 

  

 

 

                                                 
 

 

16 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

than have breast cancer.

Wong referred participants to Calculated Risks by Gerd Gigerenzer (2002) for 
further discussion. 

4 Most physicians, Wong noted, guess that the 
likelihood is over 90%. 

Another way to look at the data is with what Wong referred to as 
a likelihood ratio. If a patient has a positive mammogram, the likelihood 
that she has breast cancer is 90%, and the likelihood that she does not is 
7%. Hence, the patient is 13 times as likely to have breast cancer as not if 
she has a positive mammogram (90% ÷ 7% = 13). 

Wong also described the Bayes factor, which compares how well 
a hypothesis predicts the data (for further background, see Goodman, 
1999). All information from a clinical trial is taken into account in the 
Bayes factor, Wong noted; the Bayes factor indicates the likelihood of an 
effect discussed above. In essence, it is the probability of the data given 
the null hypothesis vs the probability of the data given the alternative 
hypothesis. As opposed to the frequentist statistical perspective discussed 
above, there is a separation between the probability of error, which is the 
null hypothesis, and the weight of the evidence from a particular clinical 
trial, which is the Bayes factor. In other words, a Bayesian integration 
gains strength from prior information whereas a frequentist approach 
cannot. 

A Bayesian approach formally integrates prior knowledge with 
data (“sequential learning”). However, it requires a subjective prior be
lief or evidence; conclusions depend on the prior evidence, and different 
investigators may use different prior evidence (which may actually help 
to determine how robust the conclusions are). A Bayesian approach can 
be used for hierarchical modeling, which combines results or “borrows 
strength” from different studies. For example, if the national prevalence 
of diabetes in the United Kingdom is 2% with a standard deviation of 
0.5% and, in a local sample of 1,000 patients in a given city, 1.5% have 
diabetes, with the Bayesian framework the national and local data could 
be integrated to estimate that 1.7% of the patients in the city have diabe
tes (with a 95% credible interval of 1.2–2.4%). In contrast, the 
frequentist approach could not integrate the national data and would es
timate that 1.5% of the patients in the city have diabetes (with a 95% 
confidence interval of 0.8–2.5%). It has also been suggested that a 
Bayesian approach can be used in the design and conduct clinical trials 
and would facilitate flexibility, including adaptive randomization and 
stopping criteria (Berry, 2005). 

4



 
 

 

 

 
 

 

 

 

 

17 WORKSHOP SUMMARY 

Wong pointed out, however, how assumptions about prior evi
dence can affect interpretation of a new study and have large effects on 
the conclusions drawn. Berlin suggested the need for a “research czar” 
that could help to facilitate some level of consistency among similar 
studies, for example, in common terminology and definitions. Wong 
noted that the Patient-Centered Outcomes Research Institute has a meth
odology committee that is attempting to address some of the issues, such 
as methodological standards, that would help facilitate assessment of 
data among studies.  

From an industry perspective, Berlin said, a barrier to sharing 
clinical-trial data is that participants sign an agreement that dictates 
whether and how their information can be shared. He said that sponsors 
should develop participant agreements to facilitate sharing. 

Risk Stratification 

Frank Davidoff, editor emeritus of Annals of Internal Medicine, 
suggested risk-stratification analysis as an alternative to Bayesian statis
tics for applying clinical-trial results to an individual patient, and he re
ferred participants to the work of Kent and Hayward (2007a,b). When 
multiple risk factors are used to segregate a sizable study population into 
risk subgroups, the difference in rates of outcomes can be as great as a 
factor of 50, he said. For example, a drug that demonstrates an overall 
beneficial effect may have virtually no beneficial effect in some sub
groups, probably because their baseline risk is small to begin with. At the 
other extreme, the intervention may have a large clinical effect in pa
tients who have a high baseline risk. For many researchers, risk stratifi
cation is less difficult to grasp than Bayesian analysis, and Davidoff 
suggested that it is statistically robust. Risk-stratification analysis can be 
applied to existing trials to look for differences in intervention effects 
among different groups, including sex. There are methodologic challeng
es to risk stratification, he noted, including the need for an independent 
determination of the risk groups, and there is a potential for type I and 
type II errors. 

Reporting the Data 

A Role for Journals 

Silver referred participants to the report of a 2010 IOM work
shop, Sex Differences and Implications for Translational Neuroscience 



  
 

 

    

 

 

 
  

 

 
 

 
 

 

18 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

Research, which focused on defining roles for industry, government, 
academe, and journals in the translation of sex differences in neurosci
ence from bench to bedside. One of the suggestions raised at that work
shop was that journal publishers set standards “for the inclusion of 
sex-related subject information in all publications, including sex of origin 
of tissues, cell lines, etc.” and “establish guidelines to encourage authors 
to analyze data by sex and to report sex differences, or the lack thereof” 
(IOM, 2011, p. 77). It was noted, however, that it is not possible to study 
everything all the time, and one of the challenges raised at the 2010 
workshop was to set priorities. 

Silver cited the work of Beery and Zucker (2011), who analyzed 
the distribution of animal and human male and female subjects in pub
lished studies in journals in diverse biologic disciplines. The sex of sub
jects was not specified in a number of journals; in many cases in which 
sex was noted, there was a male bias. Silver noted that in nearly every 
discipline that was the case more often in nonhuman studies than in hu
man studies. Silver quoted five of the recommendations of Beery and 
Zucker (2011, p. 570) that were based on their findings:  

If male and female models are thought to differ in re
sponse to an intervention, then the study must be designed 
with adequate sample size to answer the question for each sex. 

If prior research strongly indicates that there are no 
significant sex differences between male and female animals, 
then sex is not required in subject sex selection, but study of 
both males and females is both feasible and encouraged. 

If information about the existence of sex differences 
is absent or equivocal, then both sexes should be studied in 
numbers sufficient to permit valid analysis. 

Outreach training activities offering practical sugges
tions and additional sources of information should be made 
available by the NIH to help investigators design studies that 
fully incorporate female animals. . . . 

The review process for extramural funding should 
treat inclusion of females as a matter of scientific merit that af
fects funding. 

Journal policies determine manuscript reporting requirements, 
Silver said, and if journal editors believe that it is important to know the 
sex of origin of a cell type that is being studied or the sex of animal or 
human participants, investigators will have to include that information. 
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Cahill suggested that for studies (of a non–sex-specific issue) in 
which only one sex has been used, journal editors should make the last 
two words of the article title “in males” or “in females.” In addition to 
providing immediate clarity to basic researchers as they refer to the liter
ature, this truth-in-advertising policy would raise awareness and would 
be a powerful statement that sex matters. Davidoff noted that that is simi
lar to what was done in the mid-1990s in publications of randomized 
controlled trials. Such publications were not always easily identifiable, 
partly because “randomized controlled trial” was not included in the title 
and partly because the articles were not indexed as trials in U.S. National 
Library of Medicine’s online database (MEDLINE®/PubMed®). Proper 
titling and indexing of papers allow researchers to study the frequency 
with which types of studies are published, and allow meta-analyses to be 
done more quickly, easily, and completely. 

Sex-Based Comparisons vs Reporting of Participant Sex 

Judith Lichtman, associate professor in the Department of Epi
demiology and Public Health at Yale University School of Medicine, 
suggested that in considering standardization of journal policies for sex-
specific reporting, it is important to remember that there are studies that 
are designed to assess sex-based differences, or of which such assess
ment is a natural extension, and studies in which sex-related data would 
be interesting to know but are not necessarily the focus. Studies designed 
to analyze by sex and studies that simply note the sex of participants as 
an observation present different methodologic issues. The extent to 
which sex is considered affects the focus of the work, the analyses, and 
often the length of the resulting paper. She suggested that requiring sex-
based analysis takes study-design decisions out of the hands of the au
thors and peer reviewers and that comparisons drawn from studies that 
were not designed to assess sex differences may not be robust and could 
be misleading. 

Sex-specific analysis presents methodologic and analytic chal
lenges. For example, sample size is important. There must be enough 
data for adequate statistical power and useful comparisons. When the 
events being studied are very rare, there can be unintentional bias in en
rollment or a disproportionate blend of women or men among study sites. 
There may also be differences in prevalence or risk factors between 
males and females, and differences in psychosocial factors may come 
into play in comparisons. Lichtman added that older datasets that do not 
have the desired distribution of men and women can still be of value 
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even though they may not have adequate power: relationships may be 
apparent, and they can help in generating hypotheses. 

Lichtman described her quick survey of August 2011 issues of 
the Annals of Internal Medicine, JAMA, and the New England Journal of 
Medicine. Of 11 original contributions, four included some level of sex 
stratification of data, five that she thought probably should have included 
sex-specific analysis did not, and in the remaining two it was not clear 
whether stratification would have been appropriate (for example, an in
vestigation of a nationwide outbreak of Salmonella infections associated 
with peanuts). She stressed that it is important to consider when sex-
specific analysis makes sense and when it does not. 

Other Subgroups: Race and Age 

There is no question that sex is an important difference and one 
that has been underreported in the literature, Lichtman said, but differ
ences are also associated with race and age, and perhaps reporting poli
cies will need to be extended to those categories—although when sex, 
age, and race are considered, data presentation and interpretation can 
become complicated, and what the most useful comparisons are need to 
be considered. 

Workshop participant Pinn pointed out that the law requires NIH 
to include women and minorities and their subpopulations in clinical re
search. Analysis by race can be challenging, and researchers are often 
confused about how to address subpopulations. Although ORWH focus
es primarily on women, the NIH National Institute for Minority Health 
and Health Disparities (NIMHD) focuses on minorities and other health-
disparity populations. Both ORWH and NIMHD report data by race and 
by sex. 

Data on Sex-Specific Reporting 

Pinn stressed that in looking at data on sex-specific reporting, it 
is important to know what studies the data are based on, for example, 
whether the data are only for clinical trials, or for clinical trials and ob
servational studies, or whether the data are for studies funded by NIH or 
for all studies. She noted that NIH has been conducting analyses of clini
cal research and in looking at 12,000 protocols in FY 2010 found that 
56% of the 23.3 million participants were women. When sex-specific 
studies of diseases that affect only women or only men were excluded 
from the analysis, 51.6% of the participants in NIH-funded extramural 
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research were women (NIH, 2011). Pinn pointed out that the overall per
centage of female participants in NIH studies has varied “over the years 
from 66 down to 49 percent depending upon what large studies may be 
underway.” That presents a somewhat different picture of women in clin
ical trials from that presented in the report of Jagsi and colleagues 
(2009),

See discussion by Adler on page 2.


5 which found that women made up less than 40% of participants 
in a set of cancer clinical trials.  

Beyond Journals 

Workshop participant Nancy Lee, deputy assistant secretary of 
health for women’s health and director of the Office on Women’s Health 
of the U.S. Department of Health and Human Services, said that issues of 
sex-specific reporting vary among disciplines, for example, in experi
mental studies, epidemiologic studies, and surveillance reporting. There 
has not been enough separation by sex in surveillance reporting, she said, 
and she stressed the importance of holding surveillance and epidemiolog
ic publications to the same standards as experimental and clinical reports. 
Lichtman agreed that it is important to report data on men and women in 
surveillance reports and noted that the challenge is to draw comparisons 
between men and women, making sure that there is adequate power to 
ensure confidence in conclusions. Consideration of sex-based differences 
is important not only in peer-reviewed literature but in grant applications, 
Lichtman added. 

THE EDITOR PERSPECTIVE:  

IMPLEMENTING JOURNAL EDITORIAL POLICIES
 

Editorial Policy-Making 


Journal of the National Cancer Institute: Trailblazing the Way on Sex-
Specific Reporting 

Barnett Kramer, editor-in-chief of JNCI,

JNCI is owned and published by Oxford University Press and is not affiliated 

with the National Cancer Institute or the federal government. 


6 noted that JNCI was 
the first journal to include instructions for addressing the effects of sex as 

5
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part of its manuscript-preparation policy. Specifically, the JNCI instruc
tions for authors state that “where appropriate, clinical and epidemi- 
ologic studies should be analyzed to see if there is an effect of sex or any 
of the major ethnic groups. If there is no effect, it should be so stated 
in Results.” 

The inclusion of that statement, Kramer explained, was the result 
of a telephone call from ORWH director Pinn. By the end of the conver
sation, he said, he viewed the lack of such a statement as an oversight 
(not something that needed to be debated), and JNCI simply developed 
language and updated the instructions. Five in-house PhD-level senior 
editors at JNCI edit all manuscripts for content and ensure that the quali
ty of the science meets journal standards, including appropriate sex-
specific reporting. 

Peer reviewers look at content and statistics and may also note 
whether there are sex-specific analyses, but the responsibility for ensur
ing rigor and determining what falls under “where appropriate” in the 
policy for sex-specific reporting falls to the in-house editors at JNCI. It is 
their interpretation of the instructions for authors that determines when 
sex-specific reporting is appropriate, Kramer clarified. It is not left to the 
authors to decide. 

The JNCI policy emphasizes human studies, Kramer said, be
cause it is sufficiently challenging to extrapolate data from in vitro and 
animal models to human applications. Authentication of cell lines used in 
in vitro studies is a particular concern. For example, the cross-
contamination of cell cultures with HeLa cells is a substantial problem 
for laboratories, and researchers may not even know that they have 
female-derived HeLa cells in their cultures. JNCI tries to ensure that the 
lineage of cell lines is accurately identified in manuscripts; it asks au
thors to provide evidence that a line was obtained from a reliable source 
or that DNA “fingerprinting” has confirmed the lineage. Another issue is 
the predictive value of animal studies, and Kramer noted that animal 
models have not served the field of cancer research very well. 

Another concern is analysis. As discussed by Wong, the more 
groups compared, the greater the likelihood of false-positive or false-
negative findings and of spurious statistical interactions. If the number of 
events is small, the results may be less reliable, and authors or editors 
will often state this as a caveat.  

There have been no challenges to implementing the JNCI policy, 
Kramer said. The editorial board agreed to the changes, and authors 
were made aware; there has been no pushback since the institution of 
the policy. 
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The International Committee of Medical Journal Editors: Many Editors, 
One Policy 

Over the last decade or so, effective changes in editorial policies 
have generally been instituted journal by journal, Davidoff explained. 
Actions by associations of editors have been minimal. One exception is 
the International Committee of Medical Journal Editors (ICMJE), which 
started as the Vancouver Group, a small group of journal editors with no 
budget and no staff but a common interest. They began to consider some 
of the issues that editors face and together, as the ICMJE, developed and 
announced the Uniform Requirements for Manuscripts Submitted to Bi-
omedical Journals.

See http://www.icmje.org/urm_main.html (accessed October 1, 2011). 

7 For a manuscript of a clinical trial to be considered 
for publication in a journal that adheres to these requirements, for exam
ple, the authors must declare that all investigators had access to all the 
data. Another requirement is that the trial have been registered in a pub
lic registry. The ICMJE is an example of how the editorial community 
can function and have an impact as a community. Davidoff stressed that 
policy changes created by a representative group should not be mandato
ry. The Uniform Requirements are voluntary; journals choose to follow 
them and state in their instructions for authors that they do so. In addi
tion, policies should be authoritative rather than authoritarian.  

Jerome Kassirer, former editor-in-chief of the New England 
Journal of Medicine, agreed, noting that the clinical journals by and large 
adhere to the policies of the ICMJE, but they can and do diverge if they 
decide that their own policies are more appropriate for them. He added 
that although the ICMJE developed solid, evidence-based policies for 
how medical journals should operate, there is no comparable group of 
basic-science journal editors.  

Kramer noted that sex-specific reporting is also part of the 
ICMJE Uniform Requirements, which state that “where scientifically 
appropriate, analyses of the data by such variables as age and sex should 
be included.” 

Sex and Gender Medicine vs Women’s Health  

Early on, the push to gather more information about differences 
between men and women through enrollment of women in clinical trials 
was thought of as a feminist issue, said Marianne Legato, founding editor 

7
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of Gender Medicine. Some hospitals compounded that notion by using 
women’s health as a marketing tactic. Decades later, there is still 
pushback, and Legato opined that the academic community is still not 
completely convinced that sex-specific medicine is relevant and neces
sary. One of the issues that remains for providers is whether sex-specific 
practical medicine makes a difference in outcome for a given patient sit
ting in the office. Another issue is whether it is economically feasible not 
only to delineate the differences between men and women but to apply 
them to a clinical population. 

Objections to including women are still rampant, Legato said. 
Many investigators and practitioners believe that “gender medicine” is a 
politically motivated and scientifically indefensible discipline. Including 
both sexes increases the expense of studies and strains on already re
stricted research funding. The trajectory of a given disease (such as coro
nary arterial disease) is often quite different in men and women in 
timing, characteristics, and symptoms, and inclusion of both sexes is 
fraught with such issues as concomitant conditions in older patients, 
hormonal differences, and differences in the physiology of aging. Many 
researchers think that including premenopausal woman in clinical studies 
is potentially dangerous to their reproductive function and is potentially 
dangerous to any child conceived during the course of the trial, and 
women of childbearing age are often fearful and difficult to recruit. 

Despite the resistance to studying women, there is growing ac
knowledgment that men and women have substantial and widespread 
biologic differences. There is more awareness of the extent and complex
ity of the sex-specific and gender-specific properties of living organisms.  

In addition, there is a growing understanding of the human ge
nome and increasing incorporation into research of ever-more effective 
ways of measuring the genome’s effect on human biology. Some of the 
important questions to be addressed, given the complexity of how pheno
type is determined (not just by genes but by environment and experi
ence), are: How useful will delineation of a person’s genome be in 
predicting disease and choosing therapy? Is it ever possible to separate 
what is hard-wired into the organism by virtue of biologic sex? What is 
the result of the effect of other factors on the phenotype? What are the 
effects of biologic sex on gene expression? 

Finally, the emerging field of synthetic biology is transforming 
our understanding of what constitutes life and raising questions about 
what it means to be human. To what extent will the human phenotype be 
augmented or changed? Legato asked.  
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Legato explained that the first iteration of Gender Medicine, then 
called the Journal of Gender-Specific Medicine, was not successful and 
was discontinued. As the editor, Legato faced the challenge of explaining 
to researchers that gender-specific medicine is not women’s health, but a 
genuine comparison between the sexes. The relaunched journal, Gender 
Medicine, is now in its 5th year of publication and is more successful in 
impact and content. 

Preclinical vs Clinical Studies 

Kramer said that it is not possible to have identical guidelines for 
preclinical animal studies and (human) clinical studies, but JNCI strives 
to maintain the same level of rigor in every field in which it publishes, 
namely, the entire spectrum of research that is fundable in the National 
Cancer Institute. About one-third of the papers report bench-oriented 
research in the laboratory, one-third epidemiologic research and observa
tional studies, and one-third clinical studies of therapeutics, prevention, 
or screening. Every study must be reported in such a way that someone 
else could verify the results by repeating the study exactly as reported. 
Thus, one must know the sex of the animals used in a study, and report
ing of sex should be an absolute requirement, Kramer said. 

Jeffrey Blaustein, editor-in-chief of Endocrinology and a neuro
endocrinologist, commented on the numerous aspects of animal studies 
that one could monitor: randomization; blinding; adverse environment, 
such as nearby construction; age of animals at shipment; interruptions in 
circadian cycles; and so on. It is not now possible to monitor submitted 
manuscripts for discussion of all variables in animal studies, and in many 
cases one has to assume that randomization or blinding, for example, has 
been done. 

Kramer responded that the “rules of engagement” are more ma
ture for clinical studies, and there are standard checklists for required 
elements, such as randomization. The JNCI in-house editors have check
lists for both preclinical and clinical studies. In the clinical literature, 
when editors are rating the quality of reporting in a manuscript and, for 
example, how the randomization was done is not reported, the manu
script loses points on the checklist. There is no assumption that the au
thors did it if they do not report it. The same thing should be done for 
reports of animal studies, Kramer asserted. If blinding and random
ization are not mentioned, he said, he suspects that the author did not 
know enough about the process and about where biases can be built in to 
report it. 
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Moving Toward Broader Sex-Specific Reporting 

During his tenure at the New England Journal of Medicine, 
Kassirer said that many policy decisions were made and implemented, 
for example, the Ingelfinger Rule regarding duplicate publication and 
conflict-of-interest policies. Researchers are eager to have their papers 
published in high-profile journals, such as the New England Journal of 
Medicine, JAMA, and Annals of Internal Medicine. As a result, editorial 
policies implemented by those journals can be effective in modifying 
behavior. If the major clinical journals banded together to promote poli
cies that foster sex-specific reporting, it seems reasonable to assume that 
investigators would take notice. Kassirer said that there is no bar to jour
nals’ introducing policies that require sex-specific reporting, as was done 
at JNCI. 

Davidoff pointed out that until about 10–15 years ago, nearly all 
clinical-journal editors were men. In recent years, however, four of the 
five major general clinical journals have had female editors (today, two 
of the five have female editors). That is an important change, he said. 

Legato suggested that editors put out a request for papers that di
rectly address sex differences, perhaps for publication in a supplemental 
issue. Robert Golub, deputy editor of JAMA, said that his journal pub
lishes theme issues on topics that are of immediate relevance, and sex 
differences could be considered as one of those topics. The goal of a 
theme issue is to highlight research or current thinking in a field. Floyd 
Bloom, former editor-in-chief of Science, supported the idea of editors’ 
commissioning special issues on themes as a way to stimulate sex-
specific science that could then be appropriately reported in journals; he 
noted that this has been successful in the neurosciences. 

IMPLICATIONS FOR JOURNALS OF SEX-SPECIFIC 

REPORTING POLICIES OF JOURNALS
 

Nonclinical Science Journals 


In basic-science research, it is very rare that male and female an
imals are studied side by side, said Levine. Even more problematic is the 
fact that male animals are often the default choice to avoid confounding 
effects of the estrous cycle or other female-specific physiologic circum
stances. Levine suggested that basic-science journals consider a policy 
whereby authors are asked to justify the use of males vs females and 
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have reviewers check to see whether authors have considered the impli
cations of their choice of males vs females in the design, conduct, and 
interpretation of their experiments.  

Blaustein supported the idea of including the justification of the 
sex of animals as one of the items that reviewers and associate editors 
should look for, noting that it would help to increase awareness. He 
added that in many cases, the default choice is actually immature animals 
because researchers think that this avoids the effects of the estrous cycle 
and mix immature males and females.  

Blaustein cited an article on sex bias in biomedicine by Zucker 
and Beery (2010, p. 690), who suggested that 

to correct the sex bias in animal research, we need stringent, 
strictly enforced measures, not voluntary appeals. Journal edi
tors and reviewers should require authors of research studies 
that use only male or only female animals to state this in the ti
tle of their papers. This would highlight sex biases and spur 
researchers to balance the numbers of males and females that 
they use. Funding agencies should refuse to consider grant 
proposals that do not properly acknowledge the sex of the an
imals to used, and favor those that include males and females, 
and analyze data by sex. 

Guidance on conducting sex-differences research is available, 
Blaustein noted. For example, an article that was the product of a series 
of discussions sponsored by the Society for Women’s Health Research 
outlined strategies and methods for research on sex differences in behav
ior and the brain (Becker et al., 2005). The article was followed by a 
book, Sex Differences in the Brain, that discusses the subject in more 
depth (Becker et al., 2008). Guidance on designing and analyzing exper
iments to consider sex differences can be provided, Blaustein said, but 
that will not force researchers to look at both sexes.  

Interdisciplinary Science Journals 

Katrina Kelner, editor of the new journal Science Translational 
Medicine and former deputy editor for biology at Science, said that the 
issue of sex-specific reporting “is not on the radar screen” of the interdis
ciplinary journals (such as Proceedings of the National Academy of Sci-
ences, Science, and Nature). Major issues that editors at Science have 
been working to address over the last 10 years include image manipula
tion, conflict of interest, and availability of the data and materials for the 
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analysis being reported, whether climate change, physics, biomedicine, 
or another discipline.  

A challenge for any journal is to decide how stringently to en
force an editorial policy, Kelner said. High-profile journals must balance 
the large volume of manuscripts submitted against the limited time of 
reviewers and staff. A particular challenge for editors at an interdiscipli
nary journal is that one’s expertise in any particular topic is limited. Sci-
ence has around 20 editors, about half of whom are physical scientists 
and half of whom are molecular biologists. If Science adopted the sex-
specific reporting recommendation of the 2010 IOM report Women’s 
Health Research: Progress, Pitfalls, and Promise, the journal would 
have to rely, to some extent, on outside reviewers, Kelner said. There are 
limitations in relying on outside reviewers to ensure that appropriate 
analysis has been done. It can be difficult to find suitable reviewers— 
most are quite busy—and, because papers can be heterogeneous, editors 
do not always get the needed advice from a review.  

Science Translational Medicine has adopted some of the ICMJE 
recommendations—including the institutional review board, authorship, 
and clinical-trial registration requirements—but has not adopted the rec
ommendation about sex-specific reporting (although Kelner noted that 
she intends to revisit the issue after the workshop). 

To aid editors of interdisciplinary journals, Kelner suggested that 
a role for the IOM and the editorial organizations could be to ensure 
that educational resources are available to editors, including information 
that they can refer to when assessing sex-specific reporting in papers.  

Medical Journals 

Study Design, Analysis, and Reporting 

Golub shared the results of his informal audit of the 50 most 
recent randomized controlled trials published in JAMA. Of the 50, 21 
reported single-sex results (on sex-specific topics) or presented results 
analyzed and stratified by sex. Of the 29 studies that did not report re
sults by sex, 19 included at least 40% women, 22 at least 30% women, 
and 27 at least 20% women. Golub opined that only one of the 29 studies 
was possibly adequately powered to do subgroup analyses; he reiter- 
ated that statistical power is a recurring problem. Adler suggested that 
having data similar to what Golub presented published annually would 
be helpful. 
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The issue of reporting results by sex is related not simply to the 
percentage of female participants in studies but to fundamental questions 
of adequate power and of whether subgroup analysis is appropriate. The 
harm in separating males and females in the absence of sufficient statisti
cal power is the risk of errors, such as a type II error in publishing com
parisons by sex that show no significant difference. Negative results do 
not necessarily mean that there is no difference. 

Women’s Health Research states that “in the absence of a com
pelling reason not to, it should be assumed that there are sex differences 
in conditions” (IOM, 2010, p. 233). If the intent is to report raw data by 
sex for future research, that assumption is not likely to be an issue. For 
analysis of data by sex, however, Golub said that unless there is a priori 
evidence to support the assumption, the analysis may be flawed, and a 
Bayesian statistical approach may lead to false associations. In other 
words, a starting assumption that there is a sex difference for any associ
ation being studied could lead to the publication of false conclusions. 

Gregory Curfman, executive editor the New England Journal of 
Medicine, concurred that the real challenge in reporting clinical-trial re
sults separately for males and females is whether there is adequate statis
tical power for subgroup analysis. The rationale for reporting data by sex 
is indisputable, he said, but if a clinical trial has not been adequately 
powered to look at males and females separately, the conclusions are not 
going to be statistically sound. In many cases, achieving statistical signif
icance for subgroup analyses would require unattainable or unjustifiable 
numbers of participants. Curfman therefore cautioned against editorial 
policies that require trials to be designed to reach valid statistical conclu
sions for males and females separately. Such editorial policies would 
create a “steep mountain to climb for investigators and for funding agen
cies,” he said. In addition, as has been discussed, it may not be enough to 
report results only by sex. Other important demographics, such as race 
and age, add to the complexity of reporting results and of sample-size 
calculations for large clinical trials. Curfman also raised a concern that 
reporting results by sex in studies underpowered for valid subgroup anal
ysis may be misleading and may be subject to misinterpretation by the 
health care community. 

Science and Science Translational Medicine have a strong em
phasis on data access, and Kelner endorsed the idea that even if a study 
has not been properly powered for male and female subgroup analysis, 
the resulting data should still be made available for others, perhaps in an 
appendix (with the appropriate warning that, because of statistical limita
tions, sex-specific data do not necessarily indicate a sex-specific differ
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ence). Ensuring that all data are available to everyone once a study report 
is published is an important role for journals, Kelner said. Berlin added 
that appropriate study design and use of common definitions would im
prove the ability to conduct meta-analyses of such archived data. 

Current NIH policy on the participation of women in clinical tri
als has not achieved the desired effect of having enough women enrolled 
in all studies for sufficient statistical power, Golub said. And statistical 
power is an ever-increasing problem. For example, improvements in 
standards of care mean that control groups have better outcomes and that 
more participants must be enrolled to find a significant difference be
tween control and test treatments. In some studies, composite outcomes 
(such as major adverse cardiac events) are already necessary for achiev
ing adequate power, and this limits the possibility of valid subgroup 
analysis on individual outcomes. Composite outcomes can hide im
portant effects, Golub noted, and often the events that are driving a dif
ference are the less important events, such as rehospitalization, whereas 
the number of deaths may not be statistically different or may be under
powered for analysis. Given those challenges, is it feasible to have 
enough women enrolled to facilitate statistical analyses of the sexes sepa
rately? Will a Bayesian statistical trial design enable studies with a lower 
aggregate enrollment? Once the primary hypothesis and primary out
comes are established, the necessary enrollment is determined on the ba
sis of power analysis and expected attrition. Adding more patients is 
expensive, Golub said, and researchers cannot simply over-enroll in an
ticipation of unplanned subgroup analyses.  

Blaustein questioned the extent to which the number of partici
pants would need to be increased to see an effect of sex. In animal stud
ies, he noted, sex differences are often apparent even in small studies. 
Kassirer responded that as the difference in effect between two therapies 
becomes smaller and smaller, larger and larger studies are needed to be 
able to identify it. There are differences between animal studies and hu
man studies and between different types of human studies, Golub added. 
For example, in clinical trials with major cardiac outcomes, severe 
events, including death, have become much more rare, and the effect size 
that the investigator is willing to accept may be fairly small compared 
with a more basic study in which one would be able to detect effect dif
ferences with 10 subjects in each group. Sufficient power for subgroup 
analysis may be easier to achieve in some types of studies and harder to 
achieve in large clinical trials with rare outcome events. 

A participant raised a concern about the reliance on a statistical p 
value of 0.05 for accepting or rejecting a hypothesis. In some cases, a 
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finer p value, such as 0.000001, might be appropriate, and in others, a p 
value of 0.20 might be acceptable. It may be necessary sometimes to al
low more leeway in interpretation (which, it was noted, is not the same 
as exploratory data analysis). 

Christine Laine, editor-in-chief of Annals of Internal Medicine, 
said that publishing a large trial without sex-specific results does not 
necessarily mean that there are no sex-specific results; when discussing 
the limitations of a study, authors should point out that there could be sex 
differences. Absence of evidence is not evidence of absence, Davidoff 
agreed. He added that statisticians are often involved in clinical trials at a 
late stage and probably should be engaged much sooner.  

One of the quandaries that an editor faces, Golub said, is the 
need to cater to two different readerships: researchers and clinicians. Re
searchers are interested in hypothesis findings to inform the design of 
their next study, but the mission of medical journals is to publish studies 
that will affect clinical care, and it is increasingly difficult for clinical 
readers to understand the articles. New methods, including Bayesian 
analysis and adaptive clinical trials, will allow studies to be done without 
the need to anticipate everything from the start. The downside is that edi
tors will need to re-educate themselves so that they can understand the 
methods. More statisticians will be required as it becomes more difficult 
to find reviewers who can review the statistical design of a study. And 
again, there is the issue of whether readers will be able to understand the 
reports. 

A dilemma in drug development, said Marietta Anthony, director 
of women’s health programs at the Critical Path Institute, is that clinical 
studies are powered to show that a therapy is safe and effective in gen
eral, not necessarily safe and effective specifically in females or males. 
However, FDA guidelines mandate that medical products be demonstrat
ed to be safe and effective in the populations that will use them, so there 
is some question of interpretation. Parekh explained that FDA guidance 
documents for preclinical animal studies recommend studying both male 
and female animals. Phase 1 clinical studies look for safety and pharma
cokinetic differences among subpopulations of healthy volunteers, in
cluding women and men. If there are significant differences, they are 
monitored carefully in early phase 2 safety and efficacy studies. Early 
phase 2 studies in patients almost always include women. Phase 3 clini
cal trials are hypothesis-driven studies with prospectively defined end 
points and involve large numbers of patients. Sometimes the overall data 
will show no effect of a product but subgroup analysis reveals a signifi
cant effect in a particular population. Such a finding is hypothesis
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generating, Parekh said, and another prospectively designed trial is then 
conducted to confirm the finding. 

Exploratory Subgroup Analyses  Kramer said that in his experience, 
the issue with subgroup analyses in observational studies is not getting 
authors to do sex-specific analyses but preventing overinterpretation of 
results of exploratory analyses. Exploratory analyses—whether they are 
sex-specific or specific for comorbidity, age, race, or socioeconomic sta
tus—are different from prospective primary end-point analyses that are 
protected by randomization. JNCI does not publish post hoc analyses or 
exploratory analyses in article abstracts, and such analyses are clearly 
labeled in the results. 

Golub concurred in the need to exercise caution on exploratory 
analyses. When the primary outcome of a study is negative, authors will 
often stress a positive secondary or post hoc finding. Identifying and ad
dressing it is part of the peer-review process. Like JNCI, JAMA does not 
include exploratory analyses in abstracts and requires that they be clearly 
described as exploratory in the text. Golub noted that there is a difference 
between a prespecified secondary analysis and a post hoc exploratory 
analysis. 

Sex Subgroups Sex hormones influence virtually all cells, and stage of 
reproductive life and development should be considered in designing and 
reporting studies, Blaustein said. For instance, children are not the same 
as adults, and estrous-cycling females are not the same as acyclic fe
males. He acknowledged that considering such factors requires some 
knowledge of reproductive endocrinology or the involvement of a repro
ductive endocrinologist, which is unlikely in most cases. However, he 
pointed out that it is important to begin thinking about variations within 
the sexes. 

Influence of Journal Editorial Policies 

ICMJE and journal policies can influence researcher behavior. 
For example, Golub said, it is now rare to receive a report of a clinical 
trial that was not registered in a public database in accordance with the 
ICMJE policy, and all submissions are accompanied by author disclosure 
forms. It is important to note, however, that although a trial must be reg
istered before the study begins enrollment, most policies (for example, 
requiring financial disclosure forms and race and ethnicity statements), 
unlike a sex-specific reporting policy, require little of the authors until 
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the study is complete. Even though the trial-registration policy changed 
researcher behavior, its implementation was straightforward and did not 
require any major changes in study design or any substantial investment 
of resources. Kramer added that journals can assert important influence 
on the quality of reporting. For example, journal editors have become 
more attuned to looking for discrepancies between a primary end point in 
the original study as designed and a primary end point that the authors 
discuss in their paper. 

Golub questioned the extent to which an editorial policy could 
affect study design relative to sex-specific reporting, in light of the study-
design issues involved (such as adequate power). Changing editorial pol
icy might send a signal to researchers who are beginning to design a 
study, but would they be able to make the changes needed and design 
studies with adequate power? Larger studies would require additional 
funding, which may not be available. Changing standards and publishing 
analyses that are not likely to be valid is not a good solution either. It 
comes down to the design of the studies, and, inasmuch as study design 
has not changed substantially in the last 10 years, it is not clear what 
would make it change now. If editorial policies required sex-based anal
ysis, would the funding follow? 

As noted in Women’s Health Research (IOM, 2010), not consid
ering sex and gender differences in the design, analysis, and reporting of 
studies has limited understanding of important sex differences and 
slowed progress in women’s health. Laine stressed that problems in the 
design and analysis of a study cannot be fixed simply by changing re
porting requirements. Journal editors can ask authors to reanalyze their 
data but cannot ask them to redesign their studies and redo them. Jour
nals could reject papers that do not report sex-specific results, but that is 
unlikely to happen. 

Journals do not provide research funding, and Blaustein suggest
ed that changes in how experiments are done start with funding agencies. 
Kelner concurred that funding agencies need to be partners in encourag
ing good research practices. There needs to be a culture shift within sci
ence. Questions about what can be accomplished by editors and 
publishers through setting standards for authors, whether these be rec
ommendations or mandates, versus the role of federal agencies and other 
funders in shaping research culture to embrace consideration of sex dif
ferences as part of sound study design, were raised in a number of com
ments by participants.  

As discussed earlier, the ICMJE policy is specific to medical 
journals. Laine listed several other editorial associations and published 
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guidelines that do not address sex-specific reporting at all, including the 
Council of Science Editors (which covers science broadly, not only bio
logic science but the physical sciences), the World Association of Medi
cal Editors, the Guideline on Good Publication Practice of the 
pharmaceutical industry, and the EQUATOR (Enhancing the QUAlity 
and Transparency Of health Research) network, an umbrella organization 
that catalogs numerous reporting guidelines, such as CONSORT (Con
solidated Standards of Reporting Trails) for randomized trials and 
STROBE (STrengthening the Reporting of OBservational studies in Epi
demiology) for observational studies. (The CONSORT and STROBE 
guidelines cover the majority of the clinical research published in the 
major journals.) 

Annals of Internal Medicine does not have a specific policy on 
sex-specific reporting but follows the ICMJE policy, Laine said, and en
courages authors to follow reporting guidelines, including CONSORT 
and STROBE. She added that for many years, Annals has indicated in the 
title and abstract when a study includes only men or only women and 
indicates in the limitations of the study if data are insufficient to examine 
potentially relevant sex differences or racial or ethnic differences. Annals 
does not ask authors to report sex-specific results when the study design 
is insufficient to enable useful reporting of such results. 

A journal can put a policy into place, but there has to be a way to 
implement it. Laine offered clinical-trial registration as a case example: 
the ICMJE put its registration policy into place before there was any
where for sponsors to register their trials. Similarly, journals could re
quire that studies be powered for subgroup analysis, but that would entail 
the availability of resources to fund those types of studies. It will not 
work if the funders, researchers, and journal editors are not aligned. Edi
tors can foster more accurate reporting, but must be careful about making 
requirements that are not feasible, Laine cautioned. As data-sharing ad
vances, journals may be different a decade from now, and researchers 
whose studies do not meet some set criteria may move away from tradi
tional journals and publish their results in an open-access setting. Berlin 
added that a motivation for trial registration was to eliminate publication 
bias—to make all results available regardless of whether they are posi
tive or negative. He cautioned that a situation in which only studies with 
sex-specific results are published is not desirable.  

Another issue is the long pipeline of current high-quality clinical 
trials, many with long-term followup. These will be coming to comple
tion over the next decade or later, and panelists discussed how any edito
rial policy that affects study design would need to be phased in over an 
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extended period. In the interim, Golub said, it is unlikely that journals 
would forgo publishing a well-done, informative study that could affect 
patient care solely because it lacked enough power to permit valid sex-
specific reporting. Conversely, journals are not willing to publish poor-
quality studies or invalid or meaningless data or analyses.  

As discussed earlier, the present workshop was designed to con
sider a recommendation in Women’s Health Research (IOM, 2010) that 
“the International Committee of Medical Journal Editors and other edi
tors of relevant journals should adopt a guideline that all papers reporting 
the outcomes of clinical trials report on men and women separately un
less a trial is of a sex-specific condition” (IOM, 2010, p. 13). Laine 
raised several concerns about editorial policies that might be developed 
on the basis of that recommendation. First, it appears that observational 
studies are not included. Second, as discussed above, many trials include 
insufficient numbers of women or men to allow valid comparisons or 
within-group conclusions. Third, if randomization was not stratified by 
sex, the results should not be interpreted as causal relationships. Finally, 
simply reporting sex-specific results does not address the question of 
whether any of the observed sex differences are due to sex or to con
founding factors.  

Suggestions from the Editors 

On the basis of their experiences in implementing editorial poli
cies, the panelists offered a variety of suggestions regarding the inclusion 
of sex-specific information in scientific publications (summarized in 
Box 2). 

It was also suggested that the ICMJE consider adopting a strong
er sex-specific analysis and reporting statement similar to that of JNCI. 
Laine predicted, however, that ICMJE members would question why 
only sex was being addressed and not other key factors, such as age, 
race, ethnicity, and insurance coverage. 
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LOOKING FORWARD8 

The topics highlighted in this section are based on closing remarks of members 
of the workshop planning committee and the session chairs and on the open dis
cussions throughout the workshop. They should not be construed as reflecting 
any group consensus or endorsement by the IOM. 

In the final session of the workshop, members of the workshop 
planning committee and others reflected on the recurring themes of the 
meeting. Clayton noted the intersecting roles of journal editors, govern
ment funding agencies, industry, basic researchers, and others in advanc
ing the understanding of sex differences in health through careful study 
design, data-sharing, subgroup analysis, and sex-specific reporting of 
results. 

BOX 2
 
Summary of Suggestions by Individual Editors
 

Preclinical Studies 

The sex of the animals studied should be reported. 
If only one sex of an animal was studied, this should be indicated in the 
title of the article.  

	 In most cases, the sex of origin of cells used should be reported (exclud-
ing, for example, immortalized cell lines, which are highly transformed 
and for which the sex of the original cells may not be relevant).  

	 Both male and female animals should be studied when appropriate; and, 
when it is possible, both sexes should be studied in the same experi-
ment. 

Anthony pointed out that major goals of biomedical research are 
the translation of findings into clinical practice and informing the devel
opment of health policy. FDA’s mandate, for example, is to ensure that 
the medical products that it regulates are safe and effective in the appro
priate populations. In that regard, profound sex-based differences that 
affect health and disease in both males and females at the cellular, mo
lecular, and physiologic levels should be considered. Adler pointed out 
that, despite progress over the last decade, there is still a need for more 
and better data on sex differences. The focus of the workshop was on 
how to bring information on sex differences in health to light and specif
ically how journal editors, through editorial policies, could influence 
how research is reported. 

x 
x 

x

x
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Clinical-Study Design1 

	 Studies should be designed with stratified randomization by sex; strati-
fied analyses should not just be conducted post hoc. Simply mandating 
post hoc subgroup analyses today, on a study that was started 10 years 
ago, is not necessarily valid, because it will probably violate the random-
ization. 
Studies should be designed with adequate statistical power for sub-
group analyses and to test for interactions.  
In the absence of adequate power, raw data should be archived by sex 
for future pooling and meta-analysis. 

x

x 

x 

x	 One possible criterion for requiring the analysis and reporting of sex-
specific results should include an a priori reasonable likelihood that sex-
based associations might exist. 

Clinical-Study Reporting 

The title and abstract should indicate whether a study involved only men 
or only women. 
If the study design allows identification of sex differences, journals 
should require authors to present these results.  

x 

x 

x If there is an inability to identify sex differences, this should be reported 
in the discussion of the limitations of the study.  

Researchers should be allowed to report inconclusive or descriptive sex-
specific findings as raw data in electronic-only appendixes to meet NIH and 
FDA policies. As above, this will make the data available to researchers for 
conducting meta-analyses. 

The Role of Editorial Policy 

Levine reiterated earlier discussions that developing and imple
menting editorial policies regarding the analysis and interpretation of 
information that has already been obtained is fairly straightforward. 
Journal editors can set standards in their instructions for authors regard
ing what information is expected to be included in a manuscript. 

More challenging and perhaps controversial is the development 
and implementation of editorial policies that ultimately influence how 
experiments are designed and conducted, including being appropriately 
powered to allow comparison between the sexes. Workshop participants 
expressed varied opinions regarding the extent to which a journal policy 
should stipulate what analyses authors must include. Some participants 
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also discussed how any clinical-journal editorial policy that affects study 
design may need to be phased in over a long period, inasmuch as clinical 
studies that are already under way may be years away from completion 
and publication. 

Levine reminded participants that several editors stressed that the 
design and analysis of studies are not likely to change simply because 
editors change reporting requirements. Journals can encourage change by 
making very clear what they consider to be the standards for sex-specific 
reporting, but there needs to be a culture shift within science. In that re
gard, there is a key role for federal agencies and other funders in shaping 
research culture to embrace consideration of sex differences as part of 
sound study design. For example, when reviewing grant proposals, NIH 
and other funders could consider whether criteria for sex-specific analy
sis are met (for example, whether a study includes both males and fe
males, is powered for valid subgroup analysis, or justifies the study of 
only one sex). 

Adler pointed to earlier discussions that there are clearly other 
subgroups that may be relevant to consider, such as race and ethnicity. 
However, issues of sample size are more challenging with multiple 
groups and there is much greater evidence of the biological effects of sex 
than of race. The need for research that will allow for a better under
standing of racial and ethnic differences in health and treatment effects 
does not diminish the need for sex-specific analyses, nor is it tied to it. 

Levine discussed the issue, raised earlier by participants, of con
sideration of sex in studies that use animals, because these studies help to 
elucidate mechanisms and inform drug-development studies in humans. 
It was suggested that editorial policies for basic-science journals be 
“more of a carrot policy than a stick policy.” That is, the value added in 
the review process by a stated policy of sex-specific reporting should be 
stressed, and reviewers should be advised to consider the inclusion of 
sex-specific information as a desirable attribute of a manuscript. The cur
rency of scientific work is publication, and it was suggested that this ap
proach will feed back to the design of experiments as researchers begin 
to understand that manuscripts that include sex-specific information and 
analyses, or a clear justification for studying only one sex, will be re
viewed more favorably. 

Levine also mentioned, as noted earlier by some participants, 
that there is no editorial body of basic-science journal editors comparable 
with the ICMJE for clinical journals. 
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Statistical Power for Subgroup Analysis 

Anthony summarized earlier discussions pointing out that for 
clinical studies, issues of statistical power are paramount. But in a 
resource-limited research environment, larger samples do not constitute 
a feasible solution for enabling valid subgroup analysis. Instead, new 
study designs and advanced statistical methods may help reap the most 
reward from patient participation in clinical trials. It was suggested that 
when there is insufficient power to analyze sex differences within a 
study, it may be possible to combine data from various studies and con
duct meta-analysis or apply advanced statistical methods, such as the use 
of Bayesian inference. Golub also cautioned about the potential for type 
II errors by publishing comparisons by sex that do not show a significant 
difference. If a study is not adequately powered to look for such differ
ences, then a study showing no differences is meaningless. 

Summary of Participants’ Suggestions for Advancing 
Sex-Specific Reporting 

Adler discussed four themes that she thought reflected the sug
gestions for advancing sex-specific reporting discussed by others over 
the course of the day. 

First, Adler noted the earlier discussions related to identifying 
the sex of populations in journal publications, including listing the sex of 
origin of cells and tissues, the sex of animals in basic and preclinical re
search, and the sex of participants in observational research and in clini
cal trials. If only one sex is studied, noting that in the title of the paper 
would be helpful. Adler suggested that having summary data, similar to 
what Golub presented, published annually would be helpful. 

Second, she reiterated the advantages of sharing sex-identified 
raw data, noting that if a study is not sufficiently powered for subgroup 
analysis, sex-identified raw data could be made available, either as a 
supplement or on a website, to facilitate meta-analyses (with the neces
sary caution to avoid overinterpretation of the raw data). 

Third, referring back to the discussion of using a “carrot policy” 
by giving “extra credit” in review to manuscripts that include sex-
specific information, Adler pointed out that editors could make it clear 
that including sex-specific information will enhance a paper’s chances 
of publication. 
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Fourth, Adler mentioned earlier discussions about requiring sex-
stratified analyses. She reminded participants that it was noted that re
quiring identification of sex-specific information is easier to implement 
than requiring sex-specific analyses, but possibly less effective than re
quiring them. Editorial policies that require sex-stratified analysis would 
affect how studies are designed and conducted, not only how they are 
reported. The ultimate goal would be a culture change in scientific re
search that embraces sex as a key variable for analysis.  

CLOSING REMARKS 

Clayton offered closing comments on behalf of the workshop 
sponsor. The purpose of research is to inform, she said, and, for those 
involved in health research, to increase knowledge about human biology 
and to foster development of evidence-based health policy and clinical 
care. 

Journal editors, Clayton pointed out, are uniquely positioned as 
gatekeepers for much of the scientific knowledge that reaches the public 
domain. They have the power to advance appropriate consideration of 
sex differences, she said, acknowledging that the term appropriate is 
subject to interpretation and that “one size does not fit all.” Journal edi
tors and editorial bodies, such as the ICMJE, can set standards for the 
inclusion of sex-related information in manuscripts submitted to their 
publications, including the sex of origin of tissues and cells and the sex 
of animals and humans in preclinical and clinical studies. They are also 
in a position to set guidelines to encourage authors to think about analy
sis and reporting of sex differences. 

Clayton reiterated that NIH requires the inclusion of women and 
minorities, as scientifically appropriate, in all clinical research that is 
supported by NIH. For a phase 3 clinical trial, if an evidence review re
veals a likelihood of a sex-based difference, the study must be designed 
to allow comparisons between males and females, and the results must be 
provided to NIH in the final progress report. However, NIH does not 
have any control over what is published in the scientific literature. To
gether, the scientific community needs to find ways to ensure that this 
information gets out so that it can be helpful to researchers, clinicians, 
and policy-makers, she said. Funding is more limited than at other times, 
so scientists should also be efficient in collecting as many data as possi
ble from studies. She concluded by noting that patients who participate in 
trials are relying on researchers to get the maximum information from 
clinical research. 
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analysis, cost-effectiveness analysis, psychology of decision-making, and 
assessing patient preferences, and he has served on the board of trustees 
of the Society for Medical Decision Making. He served as chair of the 
Northwestern University Medical School curriculum committee and 
developed the curriculum on medical decision-making (which includes 
critical appraisal of the medical literature), serving as course director 
since 1992; for this curricular work, he received the Society of General 
Internal Medicine National Clinician–Educator Award for Teaching 
Innovation. Dr. Golub received his undergraduate degree from Princeton 
University and his M.D. from Columbia University College of 
Physicians and Surgeons. He completed his internship and residency at 
Northwestern University School of Medicine Northwestern Memorial 
Hospital. 

Katrina L. Kelner, Ph.D. is the editor of Science’s new journal Science 
Translational Medicine. She started at Science as a manuscript editor for 
research papers in neuroscience over 20 years ago. Since then, she has 
held several other positions at Science: editor of Biology Perspectives, 
deputy editor for Commentary, and deputy editor for Life Sciences, 
overseeing the editorial staff who handle research papers in the life 
sciences. Dr. Kelner’s interests revolve around application of basic-
science advances and tools to clinical problems. She has spoken on 
numerous panels and at meetings on current advances in biology, the 
peer-review process, data-sharing, and conflict of interest in scholarly 
publishing. Dr. Kelner earned her undergraduate degree in biology at 
Reed College in 1975 and her Ph.D. in cell biology and neuroscience in 
1981 at Baylor College of Medicine.  

Barnett S. Kramer, M.D., M.P.H., is editor-in-chief of the Journal of 
the National Cancer Institute. He serves as chairman of the Physician 
Data Query (PDQ) Editorial Board on Screening and Prevention and is a 
member of the PDQ Treatment Editorial Board. Dr. Kramer has served 
on the Cancer Prevention Committee of the American Society of Clinical 
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Oncology and was the committee chair from 2006 to 2007. He has 
extensive experience in cancer-treatment studies, primary-prevention 
studies, and clinical screening trials of lung, ovarian, breast, and prostatic 
cancers. He is an investigator and on the steering committee for two 
large cancer screening trials sponsored by the National Cancer Institute: 
the Prostate, Lung, Colorectal, Ovarian Trial and the National Lung 
Screening Trial. He has a strong interest in weighing and reporting the 
strength of medical evidence and runs an annual Medicine in the Media 
Workshop to help working journalists to develop methods of reporting 
medical evidence. Dr. Kramer received his medical degree from the 
University of Maryland Medical School and completed his internship 
and residency in internal medicine at Barnes Hospital in St. Louis, MO. 
He completed a medical-oncology fellowship at the National Cancer 
Institute. He is board-certified in internal medicine and medical oncology 
and has received a master’s degree in public health from Johns Hopkins 
University Bloomberg School of Public Health. 

Christine Laine, M.D., M.P.H., FACP, is editor-in-chief of Annals of 
Internal Medicine. She is board-certified in internal medicine and 
remains active in patient care and teaching at Jefferson Medical College 
in the Division of Internal Medicine. Dr. Laine first joined Annals of 
Internal Medicine in 1995 as an associate editor and became a deputy 
editor in 1998 and senior deputy editor in 2008. In 2009, Dr. Laine 
became the editor and a senior vice president at the American College of 
Physicians. She is active in medical journalism and holds leadership 
positions in the International Committee of Medical Journal Editors, the 
Council of Science Editors, and the World Association of Medical 
Editors Ethics and Policy Committee. She has been instrumental in the 
development of editorial policy about such issues as authorship, conflicts 
of interest, and data-sharing in medical research. Dr. Laine graduated 
summa cum laude with a double major in biology and writing from 
Hamilton College in Clinton, NY. She received her medical degree from 
the State University of New York at Stony Brook and completed 
residency training in internal medicine at the New York Hospital 
(Cornell University) and a fellowship in general internal medicine and 
clinical epidemiology at Beth Israel Hospital (Harvard University). Dr. 
Laine earned her MPH with a concentration in quantitative methods and 
clinical epidemiology at Harvard University. 

Marianne J. Legato, M.D., FACP, is the founder and editor-in-chief of 
Gender Medicine, professor of clinical medicine at Columbia University 
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College of Physicians and Surgeons, and adjunct professor of medicine 
at Johns Hopkins Medical School. Dr. Legato founded the Partnership 
for Gender-Specific Medicine at Columbia University in 1997 and is the 
editor of the first textbook on gender medicine, Principles of Gender-
Specific Medicine. She spent her research career in cardiovascular 
research on the structure and function of the cardiac cell with the support 
of the American Heart Association and the National Institutes of Health. 
She has written numerous books for the lay public on women and 
cardiovascular disease and on gender-specific medicine. Dr. Legato 
received her medical degree from New York University School of 
Medicine in 1962. 

Judith H. Lichtman, M.P.H., M.Sc., Ph.D., is associate professor of 
epidemiology and public health at the Yale University School of 
Medicine. Dr. Lichtman’s research focuses on heart disease and stroke 
outcomes, using large administrative databases and observational studies, 
and on biologic, social, and environmental factors that influence the 
presentation and outcomes of young women with heart disease. Since her 
faculty appointment at Yale in 2001, Dr. Lichtman has been the 
prinicipal investigator in studies funded by the Centers for Disease 
Control and Prevention, the National Institute on Aging, the Agency for 
Healthcare Research and Quality, the National Heart, Lung, and Blood 
Institute (NHLBI), the National Institute of Neurological Disorders and 
Stroke (NINDS), and several private foundations. She is currently the 
principal investigator in two NINDS-funded projects that examine 
disease trends and outcomes for elderly stroke patients and co–principal 
investigator in an NHLBI-funded prospective observational study 
designed to examine the care and outcomes of young acute-myocardial
infarction patients (the VIRGO study). Dr. Lichtman has served on 
numerous national committees related to heart disease and stroke, 
including the American Heart Association (AHA) Patient Education 
System Task Force, the AHA Peer Review Evaluation Design Task 
Force, the AHA Stroke and Epidemiology Councils, and the AHA 
Quality of Care and Outcomes Research Expert Panel. She has been a 
member of the Program Committee for the AHA Conference on 
Cardiovascular Disease Epidemiology and Prevention and a cochair of 
two National AHA Writing Committees, and she is a member of the 
AHA Council on Epidemiology and Prevention Stroke Statistics 
Committee. She is also a member of the American Stroke Association 
Advisory Committee and the Quality Improvement Working group for 
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the AHA Get With the Guidelines Program. Dr. Lichtman received her 
Ph.D. in epidemiology from Yale University. 

Martha Nolan, J.D., is vice president of public policy for the Society for 
Women’s Health Research. She is responsible for the development and 
implementation of the society’s government-relations and public-policy 
programs. She also provides advice and counsel to the society president 
on public-policy goals and strategies. Dr. Nolan joined the society staff 
in September 2003 and has over 17 years of experience in working for 
the health-insurance industry. Her most recent experience was as 
assistant vice president for federal affairs at MetLife. Before joining 
MetLife, she was counsel for state affairs for United Health Group, 
where she oversaw lobbying, coordinated advocacy, and managed state 
legislative and regulatory issues for over half the country. She has also 
worked for CIGNA and the Health Insurance Association of America. A 
lawyer by profession, Dr. Nolan earned her J.D. at Suffolk University 
Law School. She received a bachelor’s degree in American history from 
Harvard University. 

Ameeta Parekh, Ph.D., is the director of research and development in 
the Office of Women’s Health (OWH) of the Food and Drug 
Administration (FDA). She leads the science program in OWH through 
collaborations and partnerships with other scientists in the FDA 
centers and with external leaders advancing women’s health. As the 
OWH R&D director, Dr. Parekh represents FDA and OWH in national 
and international organizations and meetings to advance the scientific 
understanding of sex differences and provides FDA regulatory updates 
on the participation of women in clinical trials and the regulations, 
policies, and review practices around this topic. Dr. Parekh’s background 
is in clinical pharmacology, pharmacokinetics, pharmacodynamics, and 
biopharmaceutics, and she has extensive regulatory experience at FDA, 
where she has worked for 25 years. Before joining OWH, she was 
a clinical-pharmacology lead in drug development with the Center for 
Drug Evaluation and Research in cardiovascular, gastrointestinal, 
reproductive, and urologic drugs. She is the FDA regulatory expert 
scientist for food effects and bioavailability of drugs. She has published 
extensively in peer-reviewed journals and book chapters and presented 
widely on women's health, drug development, clinical pharmacology, 
subgroup populations in drug development, and the drug-approval 
process. 
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Rae Silver, Ph.D., is Helene L. and Mark N. Kaplan Professor of 
Natural and Physical Sciences and holds joint appointments in arts and 
sciences at Barnard College, Columbia University, and the Department 
of Pathology and Cell Biology of the Columbia University Medical 
Center. Dr Silver’s laboratory engages in two lines of research focusing 
on understanding neuroimmune system interactions and the brain clock. 
She created the undergraduate program in quantitative reasoning at 
Bernard College and, with colleagues, published studies of mathematical 
learning. She initiated the undergraduate major in neuroscience and 
served as its first program director. She also served as director of the 
graduate program in psychology at Columbia University. Dr Silver is a 
fellow of the American Academy of Arts and Sciences, American 
Association of Arts and Sciences. She has participated extensively in 
scientific and educational activities, including serving as cochair of the 
National Aeronautics and Space Administration’s Research Maxi
mization and Prioritization Committee, and as chair of the autonomic and 
limbic system theme of the Society for Neuroscience Program 
Committee. As senior adviser at the National Science Foundation, she 
worked with staff in all the scientific directorates to create a series of 
workshops to examine opportunities for the next decade in making 
advances in neuroscience through the joint efforts of biologists, chemists, 
educators, mathematicians, physicists, psychologists, and statisticians. 
She is a member of the Institute of Medicine Forum on Neuroscience and 
Nervous System Disorders. Dr. Silver received her Ph.D. in bio
psychology from Rutgers University. 

John B. Wong, M.D., is the chief of the Division of Clinical Decision 
Making, Informatics and Telemedicine in the Department of Medicine of 
Tufts Medical Center and the Clinical and Translational Science Institute 
of the Tufts University School of Medicine. He is a fellow of the 
American College of Physicians, a past president of the Society for 
Medical Decision Making, the statistical editor in decision and cost-
effectiveness analysis for Annals of Internal Medicine at the American 
College of Physicians, and a consulting research member of the Tufts 
Evidence-Based Practice Center funded by the Agency for Healthcare 
Research and Quality (AHRQ). Besides serving on study sections for 
AHRQ and the National Institutes of Health, Dr. Wong has been a 
member of guideline committees for the American Association for the 
Study of Liver Disease Practice, the European League Against 
Rheumatism, OMERACT (Outcome Measures in Rheumatology), and 
the American College of Chest Physicians Antithrombotic Therapy. He 
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is the course director for evidence-based medicine at the Tufts University 
School of Medicine, the fellowship codirector for the National Library of 
Medicine–sponsored fellowship training program in medical informatics 
at Tufts Medical Center, and the medical informatics concentration 
leader for the Clinical Research Graduate Program of the Tufts 
University Sackler School of Biomedical Sciences. Dr. Wong’s research 
focuses on the application of decision analysis to medical issues to help 
patients, physicians, and policy-makers to choose among alternative 
tests, treatments, and policies and thereby to promote rational evidence-
based efficient and effective patient-centered care that reflects 
individualized risk assessment and patient preferences. Dr Wong 
received his M.D. from the University of Chicago and had postgraduate 
training in internal medicine at Tufts Medical Center, including a 
National Library of Medicine–sponsored medical informatics fellowship 
in clinical decision-making. 
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Planning Committee Biosketches
 

Nancy E. Adler, Ph.D. (Chair), is professor of medical psychology in 
the Department of Psychiatry and the Department of Pediatrics, vice 
chair of the Department of Psychiatry, and director of the Center for 
Health and Community at the University of California, San Francisco. 
She is a social psychologist by training. Her research interests include the 
effects of risk perception on reproductive and sexual health decision-
making and identification of mechanisms by which socioeconomic status 
(SES) influences health. In the field of risk perception, she has studied 
how adolescents’ perceptions of risk of sexually transmitted diseases and 
pregnancy influence sexual behavior and use of contraceptives. Dr. 
Adler’s research on SES and health has focused on how social, 
psychologic, and biologic factors associated with SES act together to 
determine the onset and progression of disease and how the relationship 
of SES and health may depend on sex and ethnicity. She is the author of 
over 150 articles, books, and book chapters and is currently a member of 
the editorial boards of Annals of Behavioral Medicine, the Journal of 
Health Psychology, and the Journal of Applied Social Psychology. Dr. 
Adler was elected to the Institute of Medicine (IOM) in 1994. She served 
as a member of the IOM Committee on Prevention and Control of 
Sexually Transmitted Diseases (1995–1997) and chaired the Committee 
on Psychosocial Services to Cancer Patients/Families in a Community 
Setting (2006–2007). Dr. Adler received her Ph.D. in psychology from 
Harvard University. 
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Marietta Anthony, Ph.D., is director of women’s health programs at the 
Critical Path Institute, which builds collaborative partnerships to support 
a new model of drug development. She is the associate director of the 
Arizona Center for Education and Research on Therapeutics (CERT), 
which focuses on drug safety. She was a senior health-policy analyst at 
the Agency for Healthcare Policy and Research (now the Agency for 
Healthcare Research and Quality). Dr. Anthony was the deputy director 
of the Office of Women’s Health of the Food and Drug Administration 
and director of research programs in the Office of Research in Women’s 
Health of the National Institutes of Health. She was in the Department of 
Pharmacology at Georgetown University and later vice president for 
health sciences in women’s health the University of Arizona, where she 
founded and directed a National Center of Excellence in Women’s 
Health. Dr. Anthony served on the Institute of Medicine panel on 
Women’s Health Research: Progress, Pitfalls, and Promise.  

Floyd Bloom, M.D., is the executive director of scientific com
munications and professor emeritus and former chairman of the 
Department of Neuropharmacology at the Scripps Research Institute. He 
is a past editor-in-chief of Science and served as president of the 
American Association for the Advancement of Science from 2002 to 
2003 and as chairman of its board of directors from 2003 to 2004. Dr. 
Bloom is the recipient of numerous prizes for his contributions to 
science, including the Janssen Award in the Basic Sciences and the 
Pasarow Award in Neuropsychiatry, and is a member of the Royal 
Swedish Academy of Sciences. A member of the National Academy of 
Sciences since 1977 and a member of the Institute of Medicine since 
1982, Dr. Bloom has participated on over 35 National Academies 
committees, including his current appointments on the Committee on 
Publications and the Report Review Committee. 

Jerome P. Kassirer, M.D., served as the editor-in-chief of the New 
England Journal of Medicine from 1991 to 1999. He is currently 
Distinguished Professor of Medicine at Tufts University School of 
Medicine, where he has also served as vice chairman of the Department 
of Medicine. Dr. Kassirer’s current interests are in clinical decision-
making, teaching of clinical cognition, assessment of the quality of 
health care, professionalism, ethical scientific conduct, and financial 
conflict of interest. He has been highly critical of for-profit medicine, 
abuses of managed care, and political intrusion into medical decision-
making. He has served on the American College of Physicians Board of 
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Governors and Board of Regents, chaired the National Library of 
Medicine’s Board of Scientific Counselors, and chaired the American 
Board of Internal Medicine. He is a member of the Association of 
American Physicians, the American Academy of Arts and Sciences, and 
the Institute of Medicine. He is cochair of the Committee on Science for 
Judges—Development of the Third Edition of the Reference Manual on 
Scientific Evidence: Phase II. 

Jon Levine, Ph.D., is the director of the Wisconsin National Primate 
Research Center and a professor in the Department of Neuroscience at 
the University of Wisconsin–Madison. He is also editor-in-chief of 
Frontiers in Neuroendocrinology and a member of the Steering Council 
for the Office of Research on Women’s Health of the National Institutes 
of Health. Before going to Madison, Dr. Levine was a professor of 
neurobiology and physiology at Northwestern University, where his 
research focused on neuroendocrine regulation of gonadotropin-releasing 
hormone neurons and the cellular and molecular mechanisms of action of 
steroid hormones in the brain. Dr. Levine received his BA from Oberlin 
College and his Ph.D. from the University of Illinois at Urbana– 
Champaign. He completed postdoctoral training at the Oregon National 
Primate Research Center and the Oregon Health & Science University. 
Dr. Levine is an active member of numerous professional societies, 
including the Endocrine Society, the Society for Neuroscience, the 
Society for the Study of Reproduction, the American Neuroendocrine 
Society, and the Society for Behavioral Neuroendocrinology. 

Harold C. Sox, M.D., MACP, is an editor emeritus of Annals of 
Internal Medicine and has served on the editorial boards of three medical 
journals, including the New England Journal of Medicine. He is the 
principal author of Medical Decision Making and of the first and second 
editions of Common Diagnostic Tests, in addition to many other books, 
book chapters, editorials, and original research articles. Before becoming 
editor of Annals of Internal Medicine, he was the Joseph M. Huber 
Professor of Medicine and chair of the Department of Medicine of 
Dartmouth-Hitchcock Medical Center after spending 15 years on the 
faculty of Stanford University School of Medicine, where he served as 
chief of the Division of General Internal Medicine and as a director of 
ambulatory care at the Palo Alto Veterans’ Administration Medical 
Center. He served as president of the American College of Physicians 
and chaired the U.S. Preventive Services Task Force and the Medicare 
Coverage Advisory Committee. A member of the Institute of Medicine 



   62 SEX-SPECIFIC REPORTING OF SCIENTIFIC RESEARCH 

(IOM) since 1993, Dr. Sox served as chair of the IOM Committee to 
Study HIV Transmission Through Blood Products and the IOM 
Committee on Health Effects of Exposures in the Persian Gulf War. 
Most recently, he was a member of three IOM committees involved in 
the emergence of comparative-effectiveness research. 
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