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INFLAMMATION
AND DEPRESSION

Why do women have a higher risk for depression than men?

ROUND THE WORLD,

more than 350 million

people suffer from depres-
sion [1]. It is the leading cause of
disability worldwide [1], and it has
been estimated that the annual cost
of depression in the United States is
about $80 billion due to health care
costs and lost productivity [2]. While
both men and women can become
depressed, women are twice as likely
as men to experience depression
[3-6], whether depression is defined
as a diagnosed mental disorder or
depressive symptoms [7]. This sex
difference in rates of depression is
well-documented and cross-cultural
[6, 8]. It is also not explained by sex
differences in reporting or recall-
ing of symptoms or seeking help
for symptoms [9]. In fact, this sex
difference in depression has been
described as one of the most robust
findings in psychopathology research
[10, 11].

Why are women so much more

BY MONA MOIENI

likely to get depressed than men?
Researchers have proposed several
theories to explain these sex dif-
ferences in depression. One of the
many factors thought to contribute
to the sex difference in depression
is women’s greater dependence on
social relationships. That is, wom-
en tend to prefer close emotional
communication and social intimacy,
and it has been suggested that this
greater emphasis on close personal
connections in women can interact
with stressful negative life events
(especially social ones) and other
factors (e.g., anxiety, hormonal
changes) to result in greater rates of
depression in women [10].

What else may be causing this
sex difference? Another place to
look to understand this difference
would be to understand the relation-
ship between inflammation, which
is our immune system’s first line
of defense against injury or infec-
tion, and depression. In response to

injury or infection, the body releases
proinflammatory cytokines, which
help the body fight off the injury or
infection. In addition to fighting off
infection, proinflammatory cytokines
also communicate with the brain
[12, 13] to cause a set of symptoms
called “sickness behavior,” which in-
cludes symptoms such as fatigue, an-
hedonia (i.e., inability to experience
pleasure), and increased sensitivity
to pain [14-17]—symptoms that we
typically associate with being sick. It
is thought that this response is adap-
tive because it allows the body to
focus its energy on recovering from
the illness rather than spending its
energy on other things, so that your
body can recuperate.

Interestingly, these sickness be-
havior symptoms strongly resemble
symptoms observed in depressed
individuals. In fact, experimental
work has also shown that when you
give a healthy group of people a
substance that causes inflammation,
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they show increases in depressed
mood [18] as part of the sickness
behavior symptoms. Another con-
sequence of inflammation that is
particularly relevant to understand-
ing sex differences in depression is
that inflammation can also trigger
social withdrawal [14, 17] and lead
to feelings of social disconnection
[19, 20]. Feelings of social discon-
nection or loneliness play a critical
role in the onset and perpetuation of
depression [21], and as mentioned
earlier, social factors may be key in
understanding the sex differences in
depression. Thus, it may be import-
ant to understand social psycholog-
ical changes due to inflammation

in order to better understand the
relationship between inflamma-
tion and depression, particularly to
understand why women are so much
more likely than men to develop
depression.

Other work also supports the idea
that inflammation may be contrib-
uting to depression [13, 22]. For
example, individuals with inflamma-
tory diseases are far more likely to
experience depression [23-25], and
patients with major depression who
are otherwise healthy have been
found to have increased inflammato-
ry markers [26]. There are also sex
differences in inflammatory process-
es, such that women show greater
inflammatory reactivity [27], and
women are also two to nine times
more likely to develop autoimmune
disorders, which are often associated
with increased inflammation [28,
29]. Thus, there seems to be support
from multiple lines of research for
this idea that inflammation may be
leading to the development of de-

pression for some patients and that
understanding this relationship may
be helpful in understanding why
women develop depression more
than men.

While we know that inflamma-
tion can lead to depressed mood
and feelings of social disconnection,
and understanding the relationships
between these things may help us
better understand sex differences in
rates of depression, the majority of
the experimental work looking at the
effects of inflammation on sickness
behavior in humans has surprisingly
focused on samples consisting of
only men. By studying the differ-
ences between men and women in
this kind of research, we may devel-
op a better understanding of some
reasons why women are more at risk
for developing depression. Thus, our
research group at UCLA conducted
a study to help fill this gap in the
scientific literature. We examined
both men and women in order to
determine whether there are sex
differences in the effect of inflamma-
tion on depressed mood and social
disconnection, which may ultimately
have implications for understanding
sex differences in depression.

In our study, we had a large
sample (115 total subjects) made up
of both men and women. All par-
ticipants came to the UCLA Clinical
and Translational Research Center
(CTRCQ) in the morning, and about
90 minutes after they got to the
CTRC, a nurse gave them either a
placebo or a substance known to
cause an inflammatory response in
a safe, acute manner. This inflam-
matory-inducing substance is called
endotoxin and it is derived from

the cell wall of the E. coli bacteria.
When given to human subjects in

a controlled setting, it triggers a
short-lived inflammatory response in
a safe manner. By experimentally in-
ducing inflammation using endotox-
in, we could look at whether inflam-
mation causes changes in depressed
mood and social disconnection, and
thus we could examine whether
there are sex differences in biologi-
cal indicators of inflammation and
self-reports of depressed mood and
feelings of social disconnection in
response to inflammation. Because
women are more likely to experi-
ence depression, are more sensitive
to social cues, and are more likely
to develop certain inflammatory
disorders, we expected that women
would show greater inflammatory
responses, depressed mood, and
feelings of social disconnection in
response to the endotoxin compared
to placebo.

The inflammatory effects of
endotoxin are fairly acute; so, the
study lasted only one day. Endotoxin
reaches its inflammatory peak about
2 hours after injection, and partici-
pants were released from the study 6
hours after the injection, once their
symptoms returned to normal. All
participants left the study feeling as
well as they did when they started.
Throughout the study day, we also
measured the things we were in-
terested in examining in this study.
Thus, participants had their blood
drawn so that we could look at
inflammatory measures (i.e., proin-
flammatory cytokines). We were also
interested in how depressed partici-
pants were feeling, and so we asked
them to rate, for example, how “sad”
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and “blue” they felt. Because we
were interested in feelings of social
disconnection, we asked them how
much they would agree with state-
ments like “I feel lonely” or “I feel
disconnected from others.”

As expected, women, compared
to men, reported greater depressed
mood in response to the endotoxin.
In addition, women also reported
greater feelings of social disconnec-
tion in response to the endotoxin
than men. Finally, although we
expected that women would show
greater inflammatory responses com-
pared to men, we did not find that to
be the case. We found no differences
between men and women in the in-
crease in inflammatory measures in
response to endotoxin. However, we
did find that for the women in our
sample, those who showed greater
increases in inflammation also re-
ported feeling more socially discon-
nected. This relationship between
the magnitude of the inflammatory
response and feelings of social dis-
connection was not present for men.

What do these findings mean
for understanding sex differences
in depression? First, we found that
women showed greater increases in
depressed mood in response to an
inflammatory challenge. This finding
may mean that women are more sen-
sitive to the mood changes that may
accompany an increase in inflamma-
tion. Inflammation is thought to con-
tribute to depression in at least some
patients; thus, this could potentially
mean that women are developing
depression more often than men in
part because they could be more sen-
sitive to the emotional changes that

can result from inflammation.

WHAT DO THESE FINDINGS

MEAN FOR UNDERSTANDING SEX

DIFFERENCES IN DEPRESSION?

FIRST, WE FOUND THAT WOMEN

SHOWED GREATER INCREASES IN

DEPRESSED MOOD IN RESPONSE TO

AN INFLAMMATORY CHALLENGE. THIS

MAY MEAN THAT WOMEN ARE MORE

SENSITIVE TO THE MOOD CHANGES

THAT MAY ACCOMPANY AN INCREASE

IN INFLAMMAT ION.

We also found that women in our
study reported greater feelings of so-
cial disconnection in response to an
inflammatory challenge. Additional-
ly, greater increases in inflammatory
activity were directly associated with
greater feelings of social disconnec-
tion in women, but not in men. This
may also help us understand why
women develop depressive disorders
more often than men. As discussed
earlier, feelings of social disconnec-

tion can contribute to depression,

and it has been suggested that one
reason that depression occurs more
often in women than men is wom-
en’s greater dependence on social
relationships. Here, we found that
women may be more sensitive to the
social psychological changes that ac-
company inflammation, which may
also be influencing women’s vulnera-
bility to developing depression.

In addition to providing insight
into the sex difference in depression,
this study may also have other impli-
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cations for women’s health. Because
these findings suggest that women
are more sensitive to the emotional
and social changes that accompany
increases in inflammation, this may
indicate that women with chronic
inflammatory disorders may be more
susceptible to developing depres-
sion. Of course, further work would
need to be done in order to make
any clinical recommendations, but
the current findings would support
the idea that physicians may want

to especially monitor women with
chronic inflammatory disorders (e.g.,
rheumatoid arthritis), as they may
have a heightened risk for develop-
ing depressive disorders.

These findings are particularly
important because the vast major-
ity of studies looking at the effect
of inflammation experimentally in
humans have been done in samples
exclusively made up of men. Given
that we found sex differences in our
study, it would be important for fu-
ture studies looking at the emotional
and social consequences of inflam-
mation to include women in their
samples. Because the participants
in our study were young (mean age
= 24) and healthy, future studies
should be done in older and clini-
cally depressed samples in order to
better understand the findings from
this study.

Indeed, it would be important to
replicate and extend these findings
before making any firm conclusions
about the implications for depres-
sion. However, when combined with
future studies, these findings may
help us understand the relation-
ships between inflammation and

depression, as well as why women

are so much more likely than men
to develop depression. Ideally, our
findings will be built upon by other
researchers, and together, we can
build a rich, nuanced understand-
ing of the complex relationships
between sex, inflammation, social
factors, and depression. Ultimately,
a better understanding of these rela-
tionships may hopefully allow us to
help those at-risk for and living with
depression.
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