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N JANUARY 2013 THE U.S. FOOD AND DRUG ADMINISTRATION CUT THE 
recommended dose of the nation’s most popular sleep drug, 
Ambien, in half for women but not for men. The FDA had deter-
mined that 15 percent of the 5.7 million American women using 
zolpidem products (the active ingredient in Ambien) were experi-
encing driving impairment eight hours after taking the drug, 
compared with 3 percent of the 3.5 million male zolpidem users.

Researchers had known for a long time that women, on average, clear zolpidem from their 
body much more slowly than men do. Indeed, drug metabolism, tolerance, side eff ects and 
benefi ts diff er signifi cantly between the average man and woman for many widely prescribed 
medications, with women having a 50 to 70 percent higher chance of an adverse reaction. 
Body size, proportion of fat to muscle and a host of other factors, including hormonal infl u-
ences, account for these diff erences. But physicians rarely consider these dynamics when writ-
ing prescriptions. Ambien, which now comes in bottles with pink (low dose) and blue (original 
dose) labels, is a rare example of a “sex-specifi c” medical recommendation. 

Drug-dosing problems are just one example of how the health care system is blind to bi-
ological sex diff erences. As a result, women are too often treated like men. Moreover, the system can be 
blind to gender bias; some disorders are considered “a man’s” or “a woman’s,” even when both sexes suff er 
from them. Doctors often fail to diagnose stereotypical “male” conditions in women, and vice versa, until 
the condition has become dangerous.

These problems arise from a serious gap in our understanding of sex diff erences. The vast majority of ani-
mal research has been conducted only on males, mostly on rodents. And women have been grossly underrep-
resented in human clinical trials. Even when both sexes are included, sex-specifi c analyses are generally not 
reported—and because most subjects are men, the fi ndings may not pertain to women. A 2003 review of 258 
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cardiovascular treatment trials, for example, revealed 
that only 27 percent of the participants were women 
and that only a third of the trials with men and women 
reported data by sex.

Not surprisingly, no one understood why a young 
woman hospitalized with a heart attack was twice as 
likely to die as a young man. Failure to include women 
in biomedical research was exacerbated by 1977 Food 
and Drug Administration guidelines that barred wom-
en of childbearing potential from participating in 
phase I (safety) and phase II (effi  cacy) trials, whether 
they were planning a pregnancy or not. Although the 
FDA now allows for inclusion of pregnant women in 
research that does not threaten pregnancy, few drugs 
are approved for pregnant women because safety and 
eff ectiveness data are not available.

FIXING THE PROBLEM
CHANGES IN PRACTICES  have been long in coming. In 1990 
scientists, advocates and members of Congress pushed 
the National Institutes of Health to establish the Offi  ce 
of Research on Women’s Health. In 1991 the late  cardi-
ologist Bernadine Healy, the fi rst and only woman di-
rector of the NIH, launched the Women’s Health Initia-
tive, which enrolled nearly 162,000 women across the 
U.S. The study led to important changes in clinical 
care; without it, for example, physicians might still be-

lieve they should put most older women on hormone 
therapy, leading to many more heart attacks and 
strokes and cases of breast cancer. The 1993 NIH Revi-
talization Act required enrollment of female (and mi-
nority) participants in federally supported phase III 
trials—those designed to determine how a new treat-
ment works in a large group. The act did not, however, 
require enrollment of enough women to determine 
how a given treatment aff ected women specifi cally.

More change came in 2001, when a landmark Insti-
tute of Medicine (IOM) report emphasized the impor-
tant role that “sex” played in the basic biology that un-
derpins health care. It concluded that “every cell has 
a sex.” Yet almost no cell biologists consider, or even 
know, the sex of the cells or tissues they study. Nor do 
they address how sex chromosomes aff ect the systems 
they are investigating. The IOM report defi ned sex as 
a biological quality or classifi cation of sexually repro-
ducing organisms, generally male or female, derived 
from chromosomes and sex hormones. Gender was 
defi ned, in human studies, as sociocultural—a person’s 
“self-representation as male or female.”

This concept can be expanded to include gender 
norms (social expectations of “masculine” and “femi-
nine” behaviors) and gender relations (how people re-
act to one another because of gender), all of which can 
exert powerful infl uences on biology. For example, men 
are generally stronger than women not only because 
of biological factors such as larger muscles but also be-
cause of gender roles: in many societies, men lift and 
carry most of the heavy objects. Another example 
might be the twofold greater incidence of (unipolar) 
depression in women, which may result from an inter-
action of biological and social factors, such as women 
being more likely to be sexually assaulted.

Since the IOM report, scientists, academicians and 
health policy advocates have been urging their institu-
tions, journals and government agencies to confront 
the need to include women and female animals in re-
search and to study sex diff erences. In 2009 the Gen-
dered Innovations project at Stanford University en-
gaged collaborators across the U.S., Canada and the 
European Union to develop practical methods for sex 
and gender analysis and to track progress on including 
sex and gender in research. In 2010 the Offi  ce of Re-
search on Women’s Health issued a strategic plan that 
identifi ed the need to integrate sex and gender per-
spectives in basic science and medical research.

That same year the Canadian Institutes of Health 
Research  went further and began asking grant appli-
cants to indicate whether sex or gender was accounted 
for in their study proposals. Four years later a May 
2014 notice in the journal  Nature,  written by NIH direc-
tor Francis Collins and Janine Clayton, director of the 
Offi  ce of Research on Women’s Health, unveiled poli-
cies designed to ensure that NIH-funded preclinical re-
search consider both females and males, as well as the 
sex of cells. And in January 2016 the NIH began to re-
quire that sex as a biological variable be factored into 

Graphic by Jen Christiansen
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Doctors often 
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patients as if they 
were men because 

most medical 
research is based on 

male animals and 
men. This can lead to 

poor or dangerous 
therapies.

Physicians miss,  or 
improperly diagnose, 

heart disease in 
women because their 
symptoms diff er from 
those men typically 
experience. Bias is 

widespread in 
screening for mental 
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Progress is under 
way,  but mandates 
may be needed to 
ensure that female 
biology is properly, 

and widely, included 
in testing protocols, 
medical diagnoses 

and treatments.
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Coronary Artery Disease Research

Research Bias
Medical studies  often involve only male subjects or do not break out 
statistics for women if they are included. For example, a 2012 analysis 
of coronary artery disease therapies found that 355 of 427 journal arti-
cles (83 percent) either included no data for women or did not analyze 
data for women versus men. The paucity of research makes it diffi  cult 
for doctors to assess treatments that could help women.

THE NEW SCIENCE OF SEX AND GENDER

sad0917Stef3p.indd   54 7/19/17   5:44 PM



September 2017, Scientifi cAmerican.com 55

SO
U

RC
E:

 “
SE

X 
BI

AS
 IN

 N
EU

RO
SC

IE
N

CE
 A

N
D

 B
IO

M
ED

IC
AL

 R
ES

EA
RC

H
,” 

BY
 A

N
N

AL
IE

SE
 K

. B
EE

RY
 A

N
D 

IR
VI

N
G 

ZU
CK

ER
, I

N
  N

EU
RO

SC
IE

N
CE

 A
N

D 
BI

O
BE

H
AV

IO
RA

L 
RE

VI
EW

S,
  V

O
L.

 3
5,

 N
O

. 3
; J

AN
UA

RY
 2

01
1 

sitic and fungal infections than women are, although 
women have greater rates of sexually transmitted in-
fections such as HIV and herpes simplex virus 2. On 
the other hand, the more robust immune system of 
women may explain why they constitute 70 percent of 
the 20 million Americans with autoimmune diseases, 
in which the immune system attacks one’s own body 
tissues. Pregnancy may play a role here as well. Some 
fetal cells cross into the mother’s blood and are found 
in her circulation decades later, and they have been 
implicated in some autoimmune diseases.

Sex and gender also shape neurological and mental 
diseases. Accumulating evidence suggests that the pla-
centa of the male fetus responds to environmental 
stressors by promoting fetal growth, whereas the fe-
male placenta promotes gene and protein expressions 
that increase chances of survival. This diff erence may 
contribute to developmental disorders that are diag-
nosed more often in boys, such as autism and dyslex-
ia—although diagnostic methods may overlook girls.

Gender bias surrounding mental illnesses seems to 
be widespread. The suggestion that boys and men man-
ifest depression with anger, rather than withdrawal, 
may arise from a biased expectation that males exter-
nalize behaviors and females internalize them. Some 
mental health professionals around the world still as-
sign certain symptoms almost exclusively to women, 
such as being “hysterical,” whereas men are likely to be 
diagnosed as “antisocial.” These biases aff ect treat-
ments and health outcomes. 

Bias is rampant when it comes to the brain. Pop 
psychology loves the idea that men and women have 
diff erent brains. Reports show that males have more 
cortical connections within each of the brain’s two 
hemispheres, whereas women have more connections 
between the hemispheres. But the reports fail to men-
tion that 86 to 88 percent of all these combined con-
nections are similar—suggesting that male and female 
brains are more alike than diff erent. Research also in-
creasingly shows that any individual’s brain develop-
ment over a person’s lifetime is greatly infl uenced by 
neuroplasticity—the ability of brain cells to rewire 
over time. If the daily experiences of boys and men dif-
fer markedly from those of girls and women, diff erenc-
es in brain structure and function should be expected 
[see “Is There a ‘Female’ Brain?” on page 38]. 

This complicated picture makes it diffi  cult to pin 
down causes and treatments for brain illnesses. Two 
thirds of the more than fi ve million Americans who 
have Alzheimer’s disease are women, not only be-
cause many more women than men survive to age 65 
but also because more women acquire the disease 
across all age groups. In aging female cells, abnormal 
pairing of maternal and paternal X chromosomes 
during cell division may play a role. In men, only the 
X (maternal) chromosome may survive cell division, 
and the Y chromosome may no longer be present. Sex 
certainly infl uences the disease’s progression, and it 
should be investigated. 

research designs, analyses and reporting. If grant ap-
plicants propose to study only one sex, they must pre-
sent persuasive justifi cation for doing so. In contrast 
to the Canadian Institutes, however, the NIH did not 
address the infl uence of gender on biology.

A MAN’S DISEASE
GENDER BIASES  profoundly infl uence diagnoses and 
treatments and therefore health outcomes. Despite 
years of “Red Dress” campaigns, most people and 
many physicians still think of heart disease as a man’s 
disease. They are surprised to learn that heart disease 
is the number-one killer of U.S. women, far exceeding 
deaths from breast cancer. Younger women, in partic-
ular, often go undiagnosed because physicians do not 
consider the possibility. Furthermore, women com-
monly report a range of symptoms beyond chest pain, 
which is the key complaint of men, including back 
pain, nausea, headache and dizziness. Physicians of-
ten refer to these as atypical symptoms because men 
do not report them.

In addition, although men and older women are 
likely to have a blockage in one or more of the coro-
nary arteries from localized plaque—a buildup of cho-
lesterol, fat and other substances—younger women 
are more likely to have diff use plaque that lines and 
narrows the entire artery. Even though this leaves the 
heart muscle with an inadequate blood supply, no spe-
cifi c blockage is detected. A woman may be diagnosed 
as “free of heart disease” even though she is at high 
risk of a fatal heart attack. Fortunately, newer diagnos-
tic tests can detect this nonobstructive disease, along 
with other issues more common for women. But for 
those tests to work, a physician has to consider the 
possibility that a young woman might have heart dis-
ease and order them. Research continues to reveal sex 
diff erences in risks and benefi cial treatments, but pre-
vention and treatment guidelines for women are still 
based predominantly on male data. 

Pregnancy, now recognized as a major cardiovascu-
lar stress test, also contributes to sex disparities, yet 
researchers have only recently begun to realize the 
serious long-term consequences. Pregnancy-related 
hy per tension and preeclampsia, as well as gestational 
diabetes (high blood glucose developed during preg-
nancy), increase a woman’s chance of developing sub-
sequent cardiovascular disease nearly twofold, as well 
as her risk of developing type II diabetes.

HARD TO DECIPHER 
SEX DIFFERENCES  and gender biases infl uence medical 
diagnoses and treatments for  everyone.  Osteoporosis, 
characterized by reduced bone strength, is considered 
a woman’s disease because white women have twice 
the lifetime risk of fracturing a bone than white men 
do. Fracture prevention trials have included few men. 
Yet men account for nearly one in three hip fractures, 
and their medical outcomes are worse.

Men are more susceptible to viral, bacterial, para-
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White

MENTAL ILLNESS

Twice as many women as men are 
diagnosed with anxiety or depression.

Almost two thirds of Americans 
with Alzheimer’s disease are women. 
The APOE4 gene is more strongly 
linked to the disease in women. X and 
Y chromosomes may also play a role.

The number of older U.S. women 
dying of Alzheimer’s is now 
greater than all U.S. 
women who die 
of breast cancer.

DISEASE

Certain thyroid autoimmune illnesses 
such as Hashimoto’s disease and 
Graves’ disease are 7 to 10 times 
higher in women; so is lupus.

Rheumatoid arthritis, multiple 
sclerosis and scleroderma are at 
least 2 to 3 times higher in women.

More women than men are infected
by herpes simplex virus 2. 

 CANCER
 
Overall, cancer kills more men than 
women, but averages mask impor- 
tant seā differences in specific tĂpes 
of cancer. Recognizing disparities 
could prevent doctors from overlook-
ing or misdiagnosing symptoms.

Women have a higher risk than men 
of developing right-sided colon 
cancer, a more aggressive killer than 
left-sided colon cancer. Diagnosis in 
women also tends to be more delayed.

More men than women die from 
lung, colon, kidney and liver 
cancer. But overall cancer risk is 
higher for women under age 50.

Being taller is a risk factor for 
many cancers in both men and 
women and may account for one 
third of the greater total cancer 
risk in men.

Side effects from fluorouracil, 
a common chemotherapy drug, 
are significantlĂ Āorse in Āomen; 
so are effects from manĂ other 
cancer drugs.

BONES AND JOINTS
 
Seā and gender differences Āork both 
ways. White women are twice as 
likely as white men to have osteoporo-
sis—fragile bones—but the risk of 
death from fragile-bone fractures is 
50 percent greater for men.

Women undergo about two thirds 
of all knee replacements, but there 
is no eÿidence that “gender-specific” 
knees, marketed by manufacturers, 
improve outcomes. Overemphasizing 
seā differences can be a problem. 

HEART PROBLEMS
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Note to Doctor: Women Are Not Men
Medical studies  relied heavily on men or male animals in the past, which slowed progress in women’s health care, according to the Institute 
of Medicine. Although researchers are fi nallā improþing the miĀ, ÿomen and female animals are still in the minoritā. Paritā is needed 
because manā illnesses aff ect ÿomen diff erentlā than men. Women often respond diff erentlā to treatments as ÿell. Here is just a sample. 
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TIME TO GET PERSONAL
CLEARLY, MEDICAL RESEARCHERS  and physicians have a lot 
of untangling to do before they can off er better health 
care to women. A deeper understanding of sex diff er-
ences will improve health directives for men, too. In 
2015 the NIH launched a Precision Medicine Initiative 
to address the problem that most treatments have 
been designed for the “average patient” instead of each 
individual. “Precision” or “personalized” medicine is 
expected to take into account variability in genes, envi-
ronment and lifestyle for each person. Yet genome-
wide studies that try to pinpoint genetic variants that 
may be linked to specifi c diseases have generally ex-
cluded X and Y chromosomes, suggesting that sex is 
not an important focus of precision medicine. 

The 2015 NIH mandate that researchers consider sex 
as a biological variable in animal and human studies 
provides promise. That same year the Canadian Insti-
tutes of Health Research rolled out an online training 
course on sex and gender in health research. And the 
League of European Research Universities released 
a report on how to integrate sex and gender into re-
search processes. In October 2015 the Mayo Clinic host-
ed the Sex and Gender  Medical Education Summit to 
tackle the serious problem that medical schools do not 
teach students about sex diff erences. The summit 
called for participants to create a road map for inte-
grating sex- and gender-based evidence into medical 
education and to improve curricula within the next fi ve 
years. In 2016 a panel of 13 experts representing nine 
countries developed the Sex and Gender  Equity in Re-
search guidelines, a comprehensive procedure for re-
porting sex and gender information in study design, 
data analyses, results and interpretation of fi ndings. 

These developments are encouraging. More is 
needed. We might need further mandates, through 
policy and funding restrictions, to ensure that female 
biology makes it into textbooks and testing protocols. 
We might also need to require best practices—stan-
dards of care that must be adhered to as part of the 
ethical code of “do no harm”—to ensure that clinicians 
and health care providers consider both sex and gen-
der in medical diagnoses, screening and treatments. 
Both women and men would benefi t enormously. 
Without sex and gender as a focus, physicians cannot 
achieve the precision medicine, specifi c to each one 
of us, that we all hope to receive. 
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�eart complications often take diff erent forms in Āomen and men. 
�eart failure in Āomen is more likelĂ to result from left ÿentricle Āalls 
that stiff en and thicken Ê illustration Ë. Among electrical problems, an 
irregular heartbeat is more common in men, Āhile rapid heartbeat is 
more common in Āomen—and certain drugs can make the condition 
life-threatening. �eart ÿalÿe diseases ÿarĂ, too. 
lood clotting is 
greater in Āomen, Āhich can aff ect treatments; that trait maĂ haÿe 
eÿolÿed to preÿent eācess blood loss during childbirth. 

Women adapt diff erentlĂ than men to 
a condition called pressure oÿerload. 
�emale heart Āalls tend to get thicker, 
decreasing the abilitĂ of blood to enter 
the left ÿentricle. $ale heart Āalls get 
thinner, Āeakening pumping poĀer.
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