
In 2022, clinical trials indicated that a drug 
called lecanemab could slow cognitive 
decline in people with Alzheimer’s disease; 
soon after the results were published, the 
global Alzheimer’s community heralded 

lecanemab as a momentous discovery. How-
ever, closer inspection of the data by inde-
pendent investigators revealed that the drug 
might significantly help men, but not women1.

The finding is a reminder that, even though 
tremendous advances are being made in the 
clinical application of cutting-edge tech-
nologies, such as gene editing and artificial 
intelligence (AI), there is a remarkable lack 
of understanding about how many aspects 
of human health are affected by variables as 
seemingly basic as sex and gender.

Over the past decade or so, funders and 

publishers have made extensive efforts to 
encourage researchers to address the effects 
of sex and, in human studies, gender where 
appropriate. Thanks in part to these efforts, 
more insights are beginning to emerge. For 
Alzheimer’s and many other diseases that are 
common causes of death, including cardio-
vascular diseases, cancer, chronic respiratory 
conditions and diabetes, a person’s sex and 
gender can influence their risk of developing 
the disease, how quickly and accurately they 
are diagnosed, what treatment they receive 
and how they fare.

But even for the most-studied conditions, 
many questions remain. Few investigators have 
begun to probe the interrelationships between 
sex and gender, for example. And in cases in 
which researchers are managing to unpick the 

The data are clear: taking 
sex and gender into account 
in research and using that 
knowledge to change health 
care could benefit billions 
of people.

Neglecting sex and gender in 
research is a public-health risk
Sue Haupt, Cheryl Carcel & Robyn Norton 

IL
LU

ST
R

A
T

IO
N

: S
O

P
H

I G
U

LL
B

R
A

N
T

S

Nature | Vol 629 | 16 May 2024 | 527

Setting the agenda in research

Comment



multifaceted effects of sex, this knowledge is 
not being sufficiently incorporated into the 
design of clinical trials or adequately changing 
the practice of medicine.

The consideration of sex and, where appro-
priate, gender in biological research must 
become routine — especially as molecular 
genetics, biomedical engineering and AI open 
up possibilities for treatments that are better 
tailored to the needs of individuals. Likewise, the 
culture of medicine must be transformed so that 
approaches to treatment evolve in response to 
the data. This will require further engagement 
from funders and publishers, but action from 
many other players, too. Pharmaceutical com-
panies and intergovernmental organizations, 
among others, must acknowledge three things: 
how sex and gender can have huge effects on 
health outcomes; how these effects are often 
disregarded in basic research and clinical 
trials; and that change can come only through 
increasing awareness among all stakeholders of 
the importance of shifting the dial.

Health outcomes affected
In most human clinical records so far, sex 
is reported by physicians or participants in 
studies ticking one of two boxes: ‘female’ or 
‘male’. In those clinical studies in which data are 
collected on chromosomes, hormone levels, 
reproductive anatomy or other sex character-
istics, these features will frequently reflect a 
person’s sex assigned at birth. But this is not 
always the case. Added to this, sex and gender 
have often been used interchangeably, but 
they are not the same and they do not always 
align. Current definitions of gender include the 
social, psychological, cultural and behavioural 
aspects of being a man or woman (whether cis-
gender or transgender), non-binary or identi-
fying with one or more other evolving terms2.

In several countries, new recommenda-
tions about how researchers should obtain 
data on people’s sex and gender should mean 
that, in the future, investigators will be able 

to more-accurately probe the roles of both in 
human health. But in general, there has been 
incomplete capture of information for sex and 
gender so far, including for individuals whose 
sex characteristics and/or gender identities 
don’t fall into a binary categorization scheme.

In this article, consistent with much of the 
published population-wide data, we refer to 
a woman as someone who identifies with that 
gender and was assigned female sex at birth 
(a cis woman), and a man as someone who 

identifies with that gender and was assigned 
male sex at birth (a cis man). But we recognize 
that participants in the studies we describe 
might not have been asked about both their 
gender and their sex.

For all sorts of non-communicable diseases, 
there are differences between men and women 
in the average age at which they are diagnosed, 
the average age at which they die and even in 
their rates of death.

Such variations, from the earlier onset of 
cardiovascular diseases in men to the more 
frequent occurrence of Alzheimer’s disease 
in women, might stem from differences in 
biology, which can affect people’s likelihood 
of developing a disease and how they respond 
to treatment. Or these discrepancies might 
stem from variation in people’s exposure to 
the environmental factors that trigger the dis-
ease, how they manage their condition, how 
they are treated by carers and so on, all of which 
can be influenced by a person’s gender. Often, a 
combination of factors will be at work.

Take heart attacks. Studies conducted over 
the past decade have revealed extensive sex 
differences in the expression of certain genes 

in heart tissue, which in turn affect the type and 
function of the cells that make up the heart.

Such variation could help to explain why men 
are likely to have a heart attack for the first time 
around six years earlier than women — in the 
United States, at 65.6 years old in men com-
pared with 72 years old in women3 — and why 
(in Australia, at least) heart attacks are at least 
twice as common in men relative to women of 
comparable ages (see go.nature.com/3qbvrxq). 
Likewise, although mechanisms are yet to be 
fully understood, it is plausible that differences 
in people’s biology help to explain why women 
are more likely to experience pain between their 
shoulder blades, nausea or vomiting and short-
ness of breath during a heart attack; why men 
are more likely to experience chest pain and 
increased sweating; and why women are nearly 
twice as likely as are men to die after a severe 
heart attack.

Yet, when it comes to the risk of dying, social 
and environmental factors — shaped by gender 
— also seem to be important.

Tobacco consumption increases a person’s 
risk of having a heart attack, and smoking is 
much more common among men globally. 
Worldwide, around 37% of men smoke com-
pared with around 8% of women. Also, in part 
because health-care professionals and others 
are more familiar with the heart attack symp-
toms commonly seen in men, when women 
have a heart attack, they are more likely to 
delay seeking help, and carers are often slower 
to intervene4. In fact, in a study of more than 
500,000 people who experienced a heart 
attack and were admitted to hospital in the 
United Kingdom between 2004 and 2013, 
women were 37% more likely to receive an 
incorrect initial diagnosis after a severe heart 
attack than were men5. Even when women tell 
their physicians that they have chest pain, they 
are two to three times less likely to be referred 
to a cardiologist than are men6.

A similarly complicated picture has been 
emerging in relation to strokes7 — another 
cardiovascular disease — and, in the past few 
years, in relation to cancer.

Most cancers that occur in non-reproduc-
tive organs develop earlier in men than they do 
in women. In the United States, oesophageal 
cancer is 4.5 times more likely to occur and 
cause death in men than in women, for exam-
ple, and lung cancers, the most common driv-
ers of cancer-associated deaths worldwide, kill 
around 40% more men than women8.

Just as with heart disease and stroke, some of 
this variation seems to stem from behavioural 
differences. Tobacco consumption increases 
a person’s risk of developing several cancers7. 
For thyroid cancers, however, women are 
more likely to develop the disease than are 
men — three times more likely in some places — 
which suggests that other factors might drive 
the different rates of this particular cancer in 
women and men9. But tumours typically arise 

“Many health  
practitioners still fail  
to adequately take sex  
and gender into account.”

Women are more likely to die after a severe heart attack than are men. 
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because of problems with cells’ genetic-repair 
systems, together with inadequate damage 
clearance, and genetic differences between 
men and women that affect cancers are begin-
ning to emerge.

Much more research is needed to understand 
how sex affects the rate at which genes mutate, 
cells’ capacities to repair and clear damaged 
DNA, and when genetic damage starts causing 
disease. Yet research led by one of us (S.H.) on 
lung adenocarcinoma, the most common type 
of lung cancer, suggests that women can survive 
for longer than men after they are diagnosed, in 
part thanks to cancer-defence genes in women 
driving more-robust immune responses10. 
X chromosomes encode many genes that are 
linked to immunity, and women with two X chro-
mosomes might express these genes at higher 
levels than men with XY chromosomes.

Responses to cancer treatments also differ 
between men and women. Chemotherapies 
tend to work better in women than in men. This 
could be because it can take longer for wom-
en’s bodies to clear certain drugs, which could 
partly explain why women are also 34% more 
likely than men to experience harmful side 
effects11. Moreover, women with lung cancer 
typically have better outcomes after surgery, 
which they undergo more often than men8. 
This is probably due, at least in part, to women 
having less advanced disease when they are 
diagnosed than men do12. But the generally 
stronger immune responses in women might 
also help their recovery8.

Too often ignored
Despite these compelling indications that sex 
and gender matter, when it comes to many dis-
eases that are leading causes of death, many 
researchers and health practitioners still fail to 
adequately take sex and gender into account. 
They might also be influenced by conscious or 
unconscious bias. 

In the case of heart disease, the differences 
in gene expression and cellular make-up and 
activity found in men and women’s hearts 
highlight the need for sex-specific cardiac 
tissue models, sustained by sex-appropriate 
vasculature13. (Women on average have smaller 
hearts with narrower vessels compared with 
men.) Currently, researchers tend to construct 
heart models using either animal or human 
cells, but without necessarily ensuring that 
cells are sourced from individuals of only 
one sex per model. In fact, identifying sex 
disparities in basic heart biology is crucial to 
engineering relevant heart models with stem 
cells, for example, which investigators are now 
developing to aid the study of heart disease13.

For both heart disease and stroke, because of 
decades of under-representation of women in 
clinical trials, many of today’s standard treat-
ments are based on studies of what happens 
in men who weigh around 70 kilograms. In 
clinical trials conducted for stroke and heart 

conditions between 2010 and 2017, women 
worldwide were under-enrolled relative to 
the prevalence of these diseases in the general 
population — by around 20%14. There is also 
significant underfunding of research for many 
conditions that are more prevalent in women 
compared with those that are more common 
in men (see ‘Disparities in health and disease’).

Basic research on cancer is similarly riddled 
with problems. Take the sex of the cell lines that 
are stored in commercial cell banks, which have 
been studied for decades and are the source of 
much of today’s textbook knowledge. For lung 
cancers, male lines outnumber female lines by 
two to one. For liver cancers, the ratio is seven 
to one. Until a few years ago, few researchers 
studying cancer in cultured cells in the lab 
even considered the sex of the cells they were 
studying. Also, the standard media in which 
cells are grown is frequently supplemented 
with fetal calf serum from a mixture of male 
and female calves, and so contains both male 
and female sex hormones. And phenol red, a 
dye commonly used to monitor the pH of tissue 
culture media mimics the hormone oestrogen8.

To add to the difficulties, research findings 
that emerge from the use of these cell lines are 
often tested in mice of only one sex. The results 
of these studies are then used to guide human 
trials that include both men and women par-
ticipants. And in oncological clinical trials, just 
as with stroke and heart disease, women are 
still under-enrolled relative to the burden of 
disease they experience7.

Inclusivity in human trials will ensure the 
best possible outcomes for all participants, 
including cis and trans women and men, 
gender-diverse and intersex people (see ‘Inclu-
sivity in practice’). Studies are showing, for 
example, that circadian rhythms — which can 
affect heart function and might impact how 
drugs are metabolized — differ between men 
and women15. So how might they compare in 
non-binary or transgender people? Likewise, 
knowledge about the immune responses of 
people with atypical numbers of sex chromo-
somes is likely to be crucial when it comes to 
the use of immune checkpoint inhibitors and 
other immune therapies for treating cancer. 
Those with Klinefelter syndrome, for example, 

DISPARITIES IN
HEALTH AND DISEASE
The US National Institutes of Health (NIH) 
devotes a disproportionate share of its funding 
to diseases that are more common in men.

total overspent*

*Amount the NIH spent on diseases and conditions in 2019 over what would be expected on the basis of 
burden, as measured by disability adjusted life years; ŧsexually transmitted diseases; tlow birth weight; 
**US National Institute on Drug Abuse

Mental illness
$2.4bn overfunded 
relative to what would 
be expected on the 
basis of disease burden

Alzheimer’s disease
$1.8bn

Perinatal period — conditions $452 million

Breast cancer $375m

HIV/AIDS
$2.9bn overfunded

Substance misuse
$1.9bn

Drug misuse (NIDA** only)
$1.1bn

Tuberculosis $451m

STDsŧ/herpes $289m

Perinatal birth — preterm (LBWt)
$124m

Macular degeneration
$80m

Depression $52m
Ovarian cancer $4m

Non-viral hepatitis $323m

US$5.6BN

total overspent*
$7.3 BILLION

Female-dominated
diseases and conditions

Male-dominated
diseases and conditions

Alcoholism
$313m

Autism
$142m

Parkinson’s disease $67m
Prostate cancer $23m
Hepatitis B $22m
Attention deficit disorder $17m
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who, similar to cis women, are at a higher risk 
of developing breast cancer than are cis men, 
have multiple X chromosomes that are rich in 
genes involved in the immune response.

Heightened awareness
Routinely taking sex and gender into account 
in research and using that knowledge to 
change health care could benefit billions of 
people. So what’s needed to make this happen?

Policy changes — such as the US National 
Institutes of Health’s 2016 call for the inclusion 
of male and female sexes in studies involving 
cells, tissues and animals — are crucial. But for 
many researchers, such calls seem burden-
some, especially because studying more than 
one sex can increase costs. (Sample sizes might 
need to be increased to achieve sufficient sta-
tistical power when comparing groups.) 

Alongside initiatives from funders and pub-
lishers, awareness must be built — among stu-
dents, researchers, clinicians, medical ethics 
committees, research governance bodies and 
community groups — of the ramifications of 
failing to consider sex and gender, and how to 
correct the problem.

Efforts led by the Canadian Institutes of 
Health Research (CIHR) are encouraging. 
Even though the permeation of knowledge 
from research to health care has been gla-
cial, between 2011 and 2019, the proportion 
of all research grant applications submitted 
to the CIHR that took sex into consideration 
increased from around 22% to 83%. Gender as 
a variable is now also included in many of the 
human studies funded by the CIHR. 

Several initiatives have contributed to this. 
As an example, as well as asking grant appli-
cants to include a section in their research 
proposals on whether they are considering 
sex and gender and how they will do so, or 
why this is not considered applicable, the 
CIHR has provided training for scientists and 
organized workshops involving researchers 
and specialists in sex and gender. Applicants 
are more likely to receive funding if they pro-
vide a satisfactory rationale for their choices.

Convincing people in leadership roles — in 
governments, laboratories, medical ethics 
boards, education and so on — of the impor-
tance of including sex and gender in research 
is especially crucial. More studies demonstrat-
ing the financial costs of not doing so could 
help. Between 1997 and 2000, for instance, 
eight prescription drugs were retracted from 
the US market because inadequate clinical 
testing in women had failed to identify that 
the drugs put women at greater risk of devel-
oping health problems than men. This error 
cost pharmaceutical companies and taxpayers 
an estimated US$1.6 billion per drug16.

The scale of transformation needed will also 
require more engagement from global players.

Even as far back as 2007, the 60th World 
Health Assembly — the decision-making body 

of the World Health Organization (WHO) — 
passed a resolution to urge researchers to 
split their data according to sex and to include 
gender analyses where appropriate. Steps to 
improve care for transgender people or those 
with diverse genders are also starting to be 
taken; in December last year, the WHO estab-
lished a Guideline Development Group, to 
provide recommendations on how to address 
the health of transgender and gender-diverse 
people. But more extensive efforts, compara-
ble to all United Nations member states com-
mitting to target 5.b of the 2015 Sustainable 
Development Goals by 2030, will be crucial. 
(This target is to “enhance the use of enabling 
technology, in particular information and 
communications technology, to promote the 
empowerment of women”.) 

Lastly, under the guidance of regulatory 
bodies such as the European Medicines Agency 
and the scientific entrepreneur community, 
the pharmaceutical industry must do more to 
ensure that preclinical work is robust, and that 
products are tested on enough people of dif-
ferent sexes and genders. Many leading phar-
maceutical companies acknowledge on their 
websites the importance of including diverse 
groups in clinical trials, but evidence of actions 
to address the issue is only just emerging. 

Awareness of the problems around sex and 
gender is growing fast. And although many are 
concerned that medical applications of AI will 
perpetuate already existing biases17, promis-
ing developments are emerging in the use of 
machine learning to make diagnoses that are 
appropriate for people’s sex and gender.

For decades, for instance, physicians world-
wide have been determining whether a per-
son has had a heart attack by using the Global 
Registry of Acute Coronary Events (GRACE) 
score, which was derived from trials mainly 
involving men. In 2022, the application of 
machine learning to data that had been split 
for men and women refined the predictors for 
women. And these revised predictors did a bet-
ter job of matching individuals to appropriate 
interventions18.

Greater awareness, the wealth of data now 
emerging and the possibilities presented by 
new tools, from AI to gene editing, could mean 
a new era for research and medicine.
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How researchers include diverse groups 
of people in clinical trials with enough 
participants to be able to uncover 
between-group differences is a challenge.

Women represent nearly half of the 
population, but they are still under-
represented in many clinical trials for 
numerous diseases, even in cases in 
which disease prevalence for women has 
been measured. For smaller population 
groups, such as transgender people, 
there are not enough data to even know 
what representative inclusion looks like. 
In fact, even if participation does reflect 
the prevalence of disease in the broader 
population in any one trial, teasing out 
effects might require combining the results 
of multiple studies in meta-analyses.

Advisory governing boards for 
pharmaceutical companies, such as the 
International Council for Harmonisation 
of Technical Requirements for 
Pharmaceuticals for Human Use, funders 
and regulatory agencies could help 
with this by ensuring that terminology is 
adequately and consistently defined, and 
that populations are properly profiled.

Inclusivity  
in practice
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