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Sex differences are determined by:

Genes

Hormones

Experience



And exert profound influences on health & disease

Mental health disorders Autoimmune disorders



How do we separate the biological influence of sex from the 
cultural and environmental effects due to gender?



we use animal models



But we have a problem….
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Fig. 3. Species use in animal studies by subject area in 2009. Six fields (general
biology, immunology, neuroscience, physiology, pharmacology, and endocrinology)
relied on rodents in 80% or more of animal studies.

ized studies in the behavior, zoology and reproduction categories
(Fig. 3).

4. Historical analysis

4.1. By sex: animal studies

79% of articles dealing with non-human mammals in the early
20th century failed to report subject sex in the Journal of Physiol-
ogy (London) and the Journal of Pharmacology and Experimental
Therapeutics (Fig. 4A). The percentage of articles reporting subject
sex increased steadily through 1969, without substantially affect-
ing the relative abundance of male and female single-sex studies.
A marked increase in male-only reports after 1969 stabilized at
around 50% (Fig. 4A). Less than one-third of articles included both
sexes; averaged over the 100-year interval, studies that enrolled
both females and males remained relatively stable at 15%. Of such
articles, 34% analyzed data separately by sex.

4.2. By sex: human studies

In its early years, virtually all reports in Journal of Clinical Inves-
tigation (JCI) and Journal of Clinical Endocrinology and Metabolism
(JCEM) were restricted to human research, and approximately
equal numbers of male-only and female-only articles were pub-
lished across the entire time span (between 8–31% for each sex,
Fig. 4B). Reports on both sexes remained stable at 32–45% from
1949 to 1989, with a marked increase to >60% in 1999 and 2009
(Fig. 4B). Articles with sex unspecified exceeded 20% from 1949 to
1979, but declined to a mean of 7% between 1989 and 2009.

In JCI the percent of human studies declined from 100% in 1949
to ∼60% of the total number published between 1969 and 1989,
with a further decrease to 24 and 26% in 1999 and 2009. This reflects
a transition to mouse models (64% of reports published in 1999 and
2009), which exhibited a 2:1 male to female ratio and 25% incidence
of sex-unspecified reports.

4.3. By species

Fewer than 10% of animal studies in J Physiol and JPET in the
first two decades of the 20th century employed rats and mice; a
sustained increase over the next 90 years culminated in 88% of
articles investigating rats and mice in 2009 (Fig. S1). Between 1909
and 1939 cat and dog use held steady at ∼50%, and “other” species
comprised about a third of those investigated. The major changes in
species utilization occurred between 1969 and 2009, largely owing
to increased mouse use.

Fig. 4. Historical change in study sex distribution in animal and human litera-
tures. (A) Combined data from two journals publishing primarily non-human animal
research: JPET and J Physiol. Human studies were excluded from consideration for
this graph. (B) Combined data from two clinical journals: JCEM and J Clin Invest.
JCEM debuted in 1941. Animal studies were excluded from consideration for this
graph. In both the animal and human literatures the number of studies in which sex
is not specified has declined, but remains close to 20% in the animal literature. In
the human literature there has been an increase in percent of studies of both sexes,
not echoed in non-human animal research. Animal studies restricted to males alone
have become more common in recent years.

5. Present state and implications of sex bias

Single-sex studies of males still predominate in the biological lit-
erature, and neglect of females is widespread in many disciplines,
including neuroscience, pharmacology, endocrinology, zoology,
and physiology. One cannot assume that beyond the reproduc-
tive system, sex differences either do not exist or are irrelevant;
despite this, a high proportion of studies failed to specify sex,
and in experiments performed on both sexes data often were not
analyzed by sex. Reporting of the sex of tissues or cell lines is
even more rare (Marts and Keitt, 2004), notwithstanding the fact
that every mammalian cell has a sexual signature and basic cell
chemistry and organ structure may differ between females and
males.

Sexual dimorphism has been documented in the abundance of
more than 23,000 mouse transcripts of active genes, ranging from
14% in the CNS to 70% in the liver, with intermediate values in
adipose tissue and muscle (Yang et al., 2006; Isensee and Ruiz
Noppinger, 2007); many of these genes are implicated in common
diseases in which susceptibility is sex-biased. A substantial por-
tion of dimorphic gene expression may be under epigenetic control
(Gabory et al., 2009). Some sex differences occur only in certain
environments, at specific ages or stages of the reproductive cycle



% of scientific studies on animals which 
analyzed for the influence of sex 
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Table 1
Matrix of journals surveyed by subject area for 2009. Additional 2009 data were gathered for the clinical journals JCEM and JCI.

Discipline Journal A Journal B Journal C Journal D

General Biology PLoS Biology Proceedings of the
Royal Society B:
Biological Sciences

Nature Science

Immunology Journal of Immunology Infection and
Immunity

Immunity Vaccine

Neuroscience Journal of Neuroscience Neuroscience The Journal of Comparative
Neurology

Nature Neuroscience

Physiology Journal of Physiology
(London)

American Journal of
Physiology–Renal
Physiology

American Journal of
Physiology–Gastrointestinal and
Liver Physiology

American Journal of
Physiology–Heart and Circulatory
Physiology

Pharmacology Neuropsychopharmacology Journal of
Psychopharmacology

The Journal of Pharmacology and
Experimental Therapeutics

British Journal of Pharmacology

Reproduction Biology of Reproduction Reproduction

Endocrinology European Journal of
Endocrinology

Journal of
Neuroendocrinology

Endocrinology American Journal of
Physiology–Endocrinology and
Metabolism

Behavioral Physiology Journal of Comparative
Psychology

Behavioral
Neuroscience

Physiology & Behavior Hormones and Behavior

Behavior Behavioral Ecology and
Sociobiology

Animal Behaviour Animal Cognition Behavioral Ecology

Zoology Physiological and
Biochemical Zoology

Journal of Comparative
Physiology A

Journal of Experimental Zoology Journal of Mammalogy

in neuroscience, physiology, and interdisciplinary biology journals,
and in more than 60% of immunology reports, while fewer than
8% of articles in the behavior, endocrinology, and pharmacology
categories failed to specify sex of experimental animals or tissues
(Fig. 1A).

Fig. 1. Distribution of studies by sex and field in 2009. (A) Percent of articles describ-
ing non-human animal research that used male subjects, female subjects, both male
and female subjects, or did not specify the sex of the subjects. (B) Percent of arti-
cles describing human research in the same categories. The zoology category was
excluded because of insufficient use of human subjects in this field to form an
accurate estimate.

3.2. Subject sex across fields: human studies

In the same journals, male bias in articles involving humans
was evident in fewer fields (interdisciplinary biology, neuroscience,
physiology, pharmacology, and behavior) and female bias emerged
in others (reproduction, endocrinology, and behavioral physiol-
ogy; Fig. 1B). A higher percentage of articles reported on both
sexes in human than non-human animal research (60% versus
26%).

The majority of animal behavior and zoological articles incor-
porated both males and females (70% and 51%, respectively) and
data were analyzed by sex in 75% and 56% of those reports, respec-
tively (Fig. 2). Only 12.5% of physiology articles reported data for
both sexes, and analysis by sex was performed in only 30% of those
cases. Comparably low numbers characterized the neuroscience,
immunology, and pharmacology categories (Fig. 2).

3.3. Species use

In 2009, over 85% of articles in neuroscience, pharmacology,
immunology and physiology described research on rodents; rats
and mice featured in 94% of articles in the field of endocrinology.
Much greater species diversity and non-rodent models character-

Fig. 2. Percent of articles in which some portion of the results was analyzed by sex.
Data are presented by discipline for articles that utilized both sexes.
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Sex differences are established early and can vary across the life span



Not all sex differences are created equal

• Sex Dimorphism
• Sex Difference
• Population Frequency
• Latent Sex Differences
• Context Dependent Sex Differences 



Sex Dimorphisms – two forms

Examples: Symptoms of a heart attack, hormone dependent cancers



Sex Difference – vary along a continuum

Examples: bone density, cholesterol



Population Frequency varies for same condition

Examples: Alzheimer’s, 
Parkinson’s Diseases



Latent Sex Differences – different route to the 
same endpoint

Example: Cellular mechanisms regulating pain, immune response to infection 



Context Dependent Sex Differences

Stress

Examples: Impact of stress on learning, response to drugs of abuse 



The Power of Studying Both Sexes 

• Discover fundamental biological principles not otherwise 
evident.
• Avoid deleterious effects of therapies based on one sex
• Expand the impact of research findings to a broader 

population
• Enhance the health of both sexes


