
Putting gender on the agenda
Biomedical research continues to use many more male subjects than females in both animal studies and 
human clinical trials. The unintended effect is to short-change women’s health care. 

Differences in the physiology of males and females, and in their 
response to disease, have been recognized for decades in many 
species — not least Homo sapiens. The literature on these 

differences now encompasses everything from variations in gene 
expression between male and female mice, to a higher susceptibility 
to adverse drug reactions in women compared with men. Moreover, 
hormones made by the ovaries are known to influence symptoms in 
human diseases ranging from multiple sclerosis to epilepsy.

And yet, despite the obvious relevance of these sex differences to 
experimental outcomes, three articles in this issue (see pages 688–
690) document that male research subjects continue to dominate 
biomedical studies. Some 5.5 male animal models are used for every 
female in neuroscience, for example. And apart from a few large, 
all-female projects, such as the Women’s Health Study on how aspi-
rin and vitamin E affect cardiovascular disease and cancer, women 
subjects remain seriously under-represented in clinical cohorts. This 
is despite reforms undertaken in the 1990s, when sex discrimination 
in human trials was first widely recognized as a problem.

Admittedly, there can be legitimate reasons to skew the ratios. For 
instance, researchers may use male models to minimize the variability 
due to the oestrous cycle, or because males allow them to study the 
Y chromosome as well as the X. And in studies of conditions such as 
heart disease, from which female mice are thought to be somewhat 
protected by their hormones, scientists may choose to concentrate 
on male mice to maximize the outcome under study.

However justifiable these imbalances may be on a case-by-case 
basis, their cumulative effect is pernicious: medicine as it is currently 
applied to women is less evidence-based than that being applied to 
men.

The research community can take a number of steps to address this 
problem. Journals can insist that authors document the sex of animals 
in published papers — the Nature journals are at present considering 

whether to require the inclusion of such information. Funding agencies  
should demand that researchers justify sex inequities in grant  
proposals and, other factors being equal, should favour studies that 
are more equitable.

Funding agencies and researchers alike should also start thinking 
seriously about how to deal with the 
most fundamental sex difference: preg-
nancy. Pregnant women get ill, and sick 
women get pregnant. They need thera-
pies, too, even though they are carry-
ing a highly vulnerable fetus and their  
bodies are undergoing massive changes 
in hormonal balance, immune function 
and much else besides. Entering pregnant women in clinical trials is 
problematic in the extreme, for a host of ethical reasons. But ignoring 
the problem is not an answer either — the result is that physicians will 
prescribe drugs whose effects during pregnancy are poorly known. 
One possible solution is systematic retrospective data collection from 
women who have had no choice but to take an unproven drug while 
they were pregnant.

More generally, drug regulators should ensure that physicians and 
the public alike are aware of sex-based differences in drug reactions 
and dosages. And medical-school accrediting bodies should impress 
on their member institutions the importance of training twenty-first-
century physicians in how disease symptoms and drug responses can 
differ by sex. Finally, speeding more women into the senior ranks of 
science, which they still struggle to reach (see page 832), could well 
have a salutary effect in creating an environment in which all such 
efforts can thrive.

These may be the first steps in the direction of truly personalized 
medicine — what, after all, is more personal than sex. But they are 
urgently necessary ones. ■

Unknown quantities
It is in researchers’ interests to help funding agencies 
quantify the economic benefits of their work.

When research agencies are pressed by politicians to quantify 
the economic value of scientific research, it is only natural 
that they reach for whatever numbers they can find and 

then repeat them as well-established fact. Natural, but wrong. The 
reality is that few of those numbers — typically, assertions that each 
unit of research investment will yield a certain amount of additional 
economic activity — rest on a secure basis (see page 682).

Economists can say with some certainty that basic scientific 

research plays a substantial role in fostering innovation — by which 
they mean new technologies, services and business methods. They 
also have good evidence that innovation is essential for strong eco-
nomic growth, especially when society faces constraints on key inputs 
such as labour, capital and materials.

Beyond that, they can’t predict which disciplines of scientific 
research will lead to future innovation — that would require a time 
machine. Nor, thus far, can they trace how additional research invest-
ment will influence a society’s ability to innovate.

The problem is that innovation is not a simple, linear system in 
which basic research begets technology, and technology begets 
innovation — although that has always been the easiest model for 
policy-makers to envisage. Innovation is a complex, highly nonlinear 
ecosystem, full of interdependencies and feedback loops that aren’t 
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Sex bias in trials and treatment must end
Gender inequalities in biomedical research are undermining patient care. In the first of three related  
pieces, Alison M. Kim, Candace M. Tingen and Teresa K. Woodruff call on journals, funding agencies  
and researchers to give women parity with men, in studies and in the clinic.

It is 20 years since the US National Institutes 
of Health (NIH) set up its Office of Research 
on Women’s Health (ORWH), and 17 years 

since Congress passed the NIH Revitalization 
Act to increase the representation of women 
and minorities in clinical trials. Some research-
ers and health officials seem convinced that 
women and men are now equally represented in 
biomedical research. A commentary in Science 
in 2008 even suggested that the bias had shifted 
against men and that women’s health centres 
and initiatives aimed at recruiting women for 
clinical trials were no longer necessary1.

The efforts of the ORWH and other centres 
have done much to increase female participa-
tion in clinical trials. Since 1993, more women 
than men have been enrolled in NIH-sponsored 
phase III trials. However, this is mainly attrib-
utable to a few large single-sex studies: cancer 
trials (breast, cervical or uterine), the Women’s 
Health Study on the effect of aspirin and vita-
min E on cardiovascular disease and cancer, 
and the Women’s Health Initiative’s long-term 
research into postmenopausal women.

Generally, women remain underrepresented 
in biomedical research. Studies published in 
2000 and in 2008 concluded that women were 
still not included in mixed-sex cardiovascu-
lar trials in numbers that reflect the disease 
prevalence among the general population2,3. 
A survey of studies published in 2004 in nine 
influential medical journals found that only 
37% of participants were 
women (24% when restricted 
to drug trials), and only 13% of 
studies analysed data by sex4.

Parity of the sexes in bio-
medical research — or at least 
the inclusion of women in 
numbers that match the abundance in the gen-
eral population of the condition being studied 
— is crucial, as is sex-specific analysis of results. 
Why? Because there are significant differences 
in the ways that men and women experience 
many diseases. Sex differences in incidence, 
prevalence, symptoms, age at onset and severity 
have been widely documented: in autoimmune 
diseases such as rheumatoid arthritis, lupus 
and multiple sclerosis; in some psychological 
disorders, including major depressive disorder, 
schizophrenia, autism, eating disorders and 
attention deficit hyperactivity disorder; and in 

chronic fatigue syndrome, asthma and several 
types of cancer.

Differences are particularly acute in cardio-
vascular disease, the leading cause of death for 
both men and women. Women in the early 
stages of coronary artery disease (CAD) often 
present symptoms such as unusual fatigue, 
abdominal discomfort and back, jaw or neck 
pain, which are all considered to be atypical 
because diagnostic standards were mainly 
established from research on men. As a result, 
women can be subject to potentially life-threat-
ening delays before crucial diagnostic tests are 

administered. Furthermore, 
some of the tests used for diag-
nosis, such as exercise electro-
cardiography and radionuclide 
myocardial perfusion imaging, 
are unable to detect CAD with 
the same sensitivity in women 

as in men. This situation is likely to continue 
until the sex bias in clinical research is properly 
addressed. Until then, women will be forced to 
make do with therapies that may be of limited 
benefit to them.

All in the genes?
Sex disparities in the experience of disease 
are hardly surprising given the fundamen-
tal biological differences between men and 
women. A recent study of gene expression in 
mice showed that hundreds of genes in sev-
eral tissues are expressed differently in males 

and females5. There are also hormonal differ-
ences and variations in imprinting, by which 
genes inherited from the father and mother are 
expressed in different ways. 

Disease highlights these inherent variations. 
For example, genomic profiling of patients with 
non-small-cell lung cancer shows sex differences 
in the activation of signalling pathways6. This 
suggests that biomarkers, which indicate the pres-
ence or severity of disease, may have to be used 
selectively depending on the sex of the patient.

Biological differences also affect the way 
men and women respond to medications and 
therapeutics. For example, women wake faster 
from sedation with anaesthetics such as propo-
fol and nitrous oxide, recover more slowly and 
develop more side effects such as headaches, 
nausea and vomiting. Anaesthesiologists 
have learnt that dosage calculations must take 
into account a patient’s sex and, in the case of 
women, the stage of their menstrual cycle.

Despite the obvious physical and physi-
ological differences between men and women 
and the abundance of literature on the way sex 
influences metabolic activity, drugs are rarely 
prescribed with such variations in mind. A 2005 
study of 300 new drug applications between 
1995 and 2000 found that even those drugs 
that showed substantial differences in how 
they were absorbed, metabolized and excreted 
by men and women had no sex-specific dos-
age recommendations on their labels7. This may 
be part of the reason why women are 1.5 times 
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more likely to develop an adverse reaction to 
prescription drugs than men8.

Another problem is the lack of awareness 
among doctors about the importance of sex-
specific differences. For example, a 2005 sur-
vey showed that only one in five physicians was 
aware that more women than men die from 
cardiovascular disease each year9. In 1996, the 
American Board of Internal Medicine recom-
mended that “internists should be trained 
to provide comprehensive care to men and 
women based on an awareness of the influ-
ences of gender ... on an individual’s health”10. 
Yet an independent survey conducted a decade 
later concluded that few US medical schools 
had fully incorporated sex-based education 
into their curricula, or offered courses or clerk-
ships in women’s health11.

Time for change
It is time for the sex bias in basic research and 
clinical medicine to end. All those involved 
in scientific discovery and communication 
must do their part, from scholarly journals, 
regulatory bodies and funding agencies to 
researchers and clinicians. First, scientific 
journals should require authors to clearly label 
single-sex studies as such, and to address sex-
based differences in their research designs and 
analyses, or to justify pursuing a single-sex 
study. Second, regulatory bodies and funding 

agencies should insist on the appropriate rep-
resentation of both sexes in human and animal 
trials, and require researchers to consider sex 
differences during data analysis.

Third, and perhaps most challenging of all, 
it is vital that knowledge of sex differences 
gets from the lab to the clinic and becomes 
an essential consideration in physicians’ 
interactions with patients. For instance, the 
US Food and Drug Administration (and 
analogous bodies outside the United States) 
should mandate that sex-specific reactions 
to medications be made clear to patients and 
clinicians. The need for continuing education 
in the clinical importance of sex differences is 
being addressed by organizations such as the 
Women and Heart Disease: Physician Educa-
tion Initiative. Their recent pilot session with 
obstetricians and gynaecologists on sex dif-
ferences in hypertension showed improved 
referral and counselling rates12.

Fourth, health organizations should encour-
age more women to join clinical research studies 
and trials. A good model for this is the Illinois 
Women’s Health Registry, set up by the Institute 
for Women’s Health Research at Northwestern 
University13. Women who enrol in the registry 
are asked questions about their health and life-
style, and in return are given information about 
and access to clinical studies that may help them 
and that they may be eligible to join.

Good, well-promulgated research into sex 
differences will benefit everyone: women and 
men. It is the next step on the path to truly per-
sonalized healthcare. ■
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International ethical guidelines drawn up by 
the Council for International Organizations 
of Medical Sciences1 clearly stipulate that 

pregnant women are eligible to participate 
in biomedical research. Yet they are routinely 
excluded from the vast majority of clinical tri-
als of drugs, vaccines, nutraceuticals, natural 
health products and medical devices because 
of the harm the intervention might do to the 
developing fetus.

This is ethically and medically unacceptable 
for two reasons: pregnant women get sick, and 
sick women get pregnant. Patients who happen 
to be pregnant are as entitled as anyone else 
to safe and effective treatments, yet they are 
denied this and will be for as long as pregnant 
women are excluded from clinical studies. New 
drugs and devices are typically not approved 
for use in pregnant women as the many physio-
logical changes that women experience during 

pregnancy — such as increased plasma volume, 
body weight, body fat, metabolism and hor-
mone levels — make it impossible to calculate 
dose and safety information by extrapolating 
from data on men and non-pregnant women.

This means that when a pregnant woman has 
a health condition that requires treatment, her 
physician often has insufficient information 
to make an evidence-based recommendation. 
For example, some of the adjuvants in a recent 
H1N1 vaccine were tested extensively in clini-
cal trials with different vaccines that excluded 
pregnant women.

There is an obvious alternative: small, well-
designed trials for pregnant women, starting 
with phase I safety trials that would begin at 
the same time as phase III efficacy trials in 
the general population. With this staggered 
approach, pregnant women and fetuses would 
not be exposed to any compounds that failed in 

phase I and II trials. Another option would be 
to allow pregnant women to join phase III trials 
once a drug had passed safely through phases 
I and II. This would need to include enhanced 
safety monitoring for pregnant women, similar 
to that done in a stand-alone phase I trial. As 
researchers and sponsors are unlikely to make 
such changes of their own volition, regulators 
will need to make the inclusion of pregnant 
women in such trials mandatory, and oblige 
drug companies to conduct follow-up studies 
to identify any short- or long-term effects of 
the drugs.

Persuading pregnant women to take part in 
research can be difficult because of the percep-
tion that trials are riskier than taking prescribed 
medication. Trial organizers should take pains 
to demonstrate that this is often a false belief, 
and that it is generally safer for pregnant 
women to use drugs in a trial under controlled 

Pregnant women deserve better
Clinical trials routinely exclude expectant mothers. This is unethical and unscientific, and regulators must 
mandate change, says Françoise Baylis, in the second of three related pieces on gender bias in biomedicine.
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conditions with proper follow-up than to take 
drugs that are prescribed ‘off label’.

The benefits of having reliable evidence-based 
data that clinicians could use to provide safe 
treatments are immeasurable. The current situ-
ation, in which pregnant women suffer either by 
not receiving treatment or because they are pre-
scribed analgesics, psychoactive medications, 

antimicrobials, diuretics, vaccines or other treat-
ments that could harm them or their fetus, is 
unjust2,3. Correcting it should be a priority. ■
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In the 1990s, several surveys showed a signifi-
cant sex bias in animal experiments in many 
biological disciplines, with researchers using 

a disproportionately high number of male ani-
mals. Given that animal models underpin the 
development of treatments for numerous dis-
eases, this has serious implications for health-
care in women. So, to test whether or not the 
situation has improved, we recently conducted 
our own survey of almost 2,000 animal studies 
that were published in 2009 (ref. 1). 

We found a male bias in 8 out of 10 biological 
disciplines, most pronounced in neuroscience 
(5.5 males to 1 female), pharmacology (5 
males to 1 female) and physiology (3.7 males 
to 1 female). Although we identified a female 
bias in studies on reproduction and in the few 
immunology reports that indicated the ani-
mals’ sex, 75% of studies in three highly cited 
immunology journals did not specify whether 
the animals used were male or female.

We also sampled the Thomson Reuters Web 
of Science database for 2009 to investigate the 
use of female mammals in animal studies for 
particular diseases, and then compared the 
results with the prevalence of those diseases in 
women worldwide (see graphic). 

This revealed several alarming things. For 
example, diagnoses for anxiety and depression 
are more than twice as common in women than 
in men, but fewer than 45% of animal studies 
into these disorders apparently used females. 
Women have more strokes than men, with 
poorer functional outcomes, but only 38% of 
animal studies into strokes used females. Some 
thyroid diseases are seven to ten times more 
common in women, but only 52% of animal 
models used females. Other researchers have 
found that rodent studies into the effects of 
drugs on behaviour use males nearly exclu-
sively, despite there being well-established dif-
ferences in the ways men and women absorb 
and excrete drugs2.

The prejudice against using female animals 
may be partly due to concerns that they are 
intrinsically more variable than males because 
of cyclical reproductive hormones, making 
them unsuitable for use as baseline models. 
For instance, a 1923 study that showed marked 
oestrous-linked variations in movement-related 
activity in female rats3 may have discouraged 
the routine use of females in animal research. 
Yet there is little evidence to suggest that such 
variations make female animals inappropri-
ate models. A 2005 meta-analysis found that 
female mice from many different strains were 
no more variable than males in the way they 
experienced pain. The researchers concluded 
that their findings “should force a reappraisal 
of the long-held assumption” that the oestrous 
cycle of female mice leads to greater variabil-
ity in data4. Furthermore, hundreds of studies 
have shown that research using female animals 

is valid and reliable for numerous traits5,6. In 
research on human diseases such as epilepsy 
and multiple sclerosis, in which symptoms have 
long been known to be influenced by ovarian 
steroids, female animal models are de rigueur.

To correct the sex bias in animal research we 
need stringent, strictly enforced measures, not 
voluntary appeals. Journal editors and review-
ers should require authors of research studies 
that use only male or only female animals to 
state this in the title 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 prop-
erly acknowledge the sex of the animals to be 
used, and favour those that include males and 
females and plan to analyse data by sex.

We hope that changes such as these will make 
sex parity in animal research the norm. There 
are already some encouraging signs, such as 
the recent formation of the Organization for 
the Study of Sex Differences in Washington 
DC, and the announcement of a new journal, 
Biology of Sex Differences. It is time for research-
ers, editors and funding bodies to consign sex-
biased animal studies to medical history. ■
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Males still dominate animal studies
Many researchers avoid using female animals. Stringent measures should consign this prejudice to the past, 
argue Irving Zucker and Annaliese K. Beery, in the third piece of three on gender bias in biomedicine. 

Gender gap. The percentage of women in 
the total population presenting with a disease 
(purple; see ref. 1) outstrips the percentage 
of females in rat and mouse models of that 
disease (green; data from Web of Science). Only 
studies with ‘female’ or ‘male’ as keywords were 
captured, so the chart underestimates male bias 
relative to a survey of individual articles by field.
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