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Although at first glance inflammation and social behavior may appear unrelated, research points to an important role
for inflammation in shaping social processes. This review summarizes findings in this field, specifically highlighting
work that provides support for the idea that inflammation can lead to (1) increases in sensitivity to negative,
threatening social experiences and (2) increases in sensitivity to positive, socially rewarding experiences. These
diverging sensitivities in response to inflammation may depend on context and be adaptive for recuperation and
recovery from illness. This review also discusses the implications of these findings for health and future research,
including implications for depression, loneliness, and inflammatory disorders.
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When asked about what they associate with inflammation, the average person may mention a cut or
bruise, an acute illness, or a wide variety of chronic
medical disorders. Whatever the answer, it seems
unlikely that social behavior would be toward the
top of the list of topics associated with inflammatory activity. Inflammation does indeed play a critical role in protecting against infection and injury,
and chronic inflammation characterizes a wide host
of diseases.1–3 Although inflammation and social
behavior are not commonly thought of as related
entities, recent research points to an important role
for inflammation in shaping social behavior, or
behaviors aimed at other conspecifics. In this paper,
we will review the existing literature in both humans
and nonhuman animals on the impact of inflammation on social behavior.
Sickness behavior
Proinflammatory cytokines, which are cell signaling molecules, aid in coordinating an inflammatory
response to illness, injury, or infection. Importantly,
proinflammatory cytokines also signal the brain
to orchestrate a constellation of symptoms collectively called sickness behavior.4 These symptoms—

including fatigue, increased pain, anhedonia, and
loss of appetite—are thought to be part of an adaptive, motivational response to conserve energy and
aid in recovery.4 Sickness behavior can be elicited
by exposing animals to proinflammatory cytokines
such as interleukin (IL)-1 or lippolysacccaride (LPS
or endotoxin).5 Similarly, endotoxin administration has been used to model sickness behavior in
humans.6
One of the key changes often mentioned in this
collection of symptoms is disruptions in social
behavior. Namely, social withdrawal or loss of interest in social activities is frequently cited as a principal component of inflammation-induced sickness
behavior.5,7 These changes in social behavior as a
result of proinflammatory cytokine activity provided the first clues that inflammation may play
an important role in shaping social behavior.
In order for the immune system to impact social
behavior as part of sickness behavior, proinflammatory cytokines involved in peripheral inflammation would need to impact the central nervous
system. Indeed, work in nonhuman animals has
found increases in proinflammatory cytokines in
the brain post-LPS administration in the periphery.8
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Multiple pathways have been suggested to explain
how peripheral immune activation could lead to a
coordinated response by the brain to induce sickness behavior. These include activation of the vagus
nerve, transport through the blood–brain barrier,
and diffusion outside the blood–brain barrier in
areas such as the choroid plexus.9
Although limited, there is some converging
evidence in humans that intravenous endotoxin
administration is also related to changes in inflammation in the central nervous system. Indeed, a
study using positron emission tomography found
that endotoxin led to increases in microglial
activation,10 suggesting that LPS can activate a neuroinflammatory response. Furthermore, another
study reported increases in the proinflammatory
cytokine IL-6 in human cerebrospinal fluid following endotoxin administration.11 Together, these
findings suggest that endotoxin administration and
subsequent immune activation may end up impacting social behavior via central nervous system mechanisms.
Effects of inflammation on social
experience
As noted above, a commonly listed component
of sickness behavior is social withdrawal. Indeed,
work in nonhuman animals indicates that heightened inflammatory activity leads to reduced social
exploration,12 and data from humans showing
that inflammation increases feelings of social disconnection support this.13 However, responses to
inflammation appear to be context-dependent.14
For example, factors such as sleepiness can impact
the effect of inflammation on sensitivity to reward.15
Similarly, in the social context, alterations toward
this more negative or disconnected social state
are not a definitive outcome of inflammation.16,17
Work in both humans and nonhuman animals has
provided evidence that in some cases, heightened
inflammation may lead to an increased desire to
affiliate.18,19 Interestingly, the effects of inflammation on social behavior may depend on many factors,
and whether to socially withdraw or connect may
depend on which behavior would be more beneficial
for survival. One factor that may drive this differentiation between socially withdrawing or socially
affiliating behavior may be the familiarity of the
other individual that the inflamed, sick individual is
faced with.16 It may be evolutionarily advantageous
6

to avoid socially threatening (or potentially threatening) individuals when one is sick and vulnerable.
However, identifying a potential ally or source of
care when one is sick is also evolutionarily advantageous, which could drive inflamed individuals to
seek out familiar others. Below, we review the evidence for alterations in both negative and positive
social experience as a consequence of inflammation (see Fig. 1), as well as a brief discussion of the
effects on social cognition and a potentially unique
role for interferon-gamma (IFN-␥ ), which has been
referred to as an antiviral cytokine.20 Understanding the effects of inflammation on social behavior is
of vital importance, as social relationships are crucial for survival and well-being,21 and the effects of
inflammation on social experience has historically
been understudied, particularly in humans.
Effects of inflammation on negative social
experience
It is reasonable to expect that inflammation may lead
to heightened sensitivity to negative social experiences, as individuals who are experiencing sickness, and thus are in a vulnerable state, may need to
more easily identify threats to their well-being. This
increased sensitivity to negative social experiences
may manifest behaviorally as a reduced interest in
interacting with others or social withdrawal. In fact,
work in nonhuman animals lends support to this
idea. Rats injected with proinflammatory cytokines
show reductions in their interest to explore novel
juvenile rats, becoming more inhibited or more
withdrawn in their social behavior.12,22,23 Indeed,
this kind of reduction in social exploration has
become so deeply entrenched in the animal model
of sickness behavior that reviews of the state of the
field have noted that “sickness behavior is frequently
assessed as social exploration/investigation.”7 Thus,
experimental work in nonhuman animals supports
the idea that inflammation can lead to social withdrawal behavior.
Although work in animals is crucial in understanding the effects of inflammation on social processes, particularly social withdrawal, building on
these studies in humans is essential in order to
understand the effects on more subjective social
experiences. For example, it is difficult or impossible
to ascertain whether nonhuman animals feel socially
disconnected or lonely after heightened inflammation, and thus, these complementary questions are
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Figure 1. This figure summarizes the effects of experimental inflammation on negative and positive social experiences in humans.
These divergent effects (increases in sensitivity to negative social experience and increases in sensitivity to positive social experience)
may depend on context. For example, individuals with heightened inflammation, in their vulnerable state, may choose to avoid
potentially threatening individuals but also may choose to affiliate with familiar or close others as they may be potential sources of
care and comfort.

necessary to examine in parallel human studies. In
the first study exploring this in humans, Eisenberger
et al.13 exposed subjects to an acute inflammatory
challenge (endotoxin) or placebo and asked them to
self-report on feelings of social disconnection (e.g.,
“I feel disconnected from others”). Building on the
social withdrawal findings in the animal literature,
results from this study showed that being exposed
to endotoxin led to increased feelings of social disconnection. A later study, using a larger sample and
a more comprehensive measure of social disconnection, replicated these findings that endotoxin leads
to increases in feelings of social disconnection.24
Interestingly, these effects persist after controlling
for sickness symptoms, which suggest that the effects
of inflammation on feelings of social disconnection
are not simply due to subjects feeling more sick (e.g.,
more fatigue) and instead represent a separate consequence of inflammation. Finally, another study
in humans found that endotoxin leads to increased
social anhedonia (“I want to be alone”).25 These
studies in humans complement and extend the work
in nonhuman animals, signifying that inflammation
can lead to increases in subjective negative social
experience such as feelings of social disconnection.
In addition to asking subjects to self-report on
their socially relevant feelings, a complementary
but distinct assessment is to examine their neural sensitivity to various social tasks. Changes in
neural sensitivity may indicate neurocognitive factors that underlie changes in social behavior. For
example, increased sensitivity to negative social
experience (e.g., sensitivity to socially threatening

experiences) may aid in explaining why inflammation increases feelings of social disconnection
in humans and social withdrawal behavior in
nonhuman animals. One type of negative social
experience that predicts feelings of disconnection or
loneliness is social rejection.26 In one study examining the effect of inflammation on neural sensitivity
to social rejection,27 participants were given endotoxin or placebo and then completed a neuroimaging task at the height of the inflammatory response;
while in the scanner, all participants were systematically excluded during an online ball-tossing game
(Cyberball). Although there were no group differences in neural responses to rejection, among those
in the endotoxin group, greater increases in inflammation were associated with greater activity in the
dorsal anterior cingulate cortex (dACC) and the
anterior insula (AI), which are often associated with
pain-related activity.28,29 Specifically, increases in
the proinflammatory cytokine IL-6 were related to
greater activity in the dACC and AI. Thus, it appears
that increases in inflammation heighten neural sensitivity to the negative social experience of social
rejection.
Another type of negative social experience is
receiving negative feedback from others. Similar to
social rejection, this type of social evaluation may
present socially threatening information that may
be particularly pertinent for vulnerable, sick individuals. It is perhaps unsurprising then that another
study found that experimentally increasing inflammation led to heightened neural sensitivity to receiving negative social feedback.30 Subjects in this study
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who received endotoxin (versus placebo) showed
increases in the dACC and the amygdala, a neural
region also involved in responses to threat,31 when
receiving negative social feedback. This finding parallels the above results, suggesting that heightened
inflammation can lead to increases in neural sensitivity to socially threatening information.
One question in response to these findings
is whether these effects are specific to socially
threatening experiences or whether they extend
to all threatening experiences. In order to explore
the social specificity of this effect, one study
examined whether receiving endotoxin (versus
placebo) led to increases in neural sensitivity to
social versus nonsocial threatening stimuli.32 Subjects were shown four types of images: socially
threatening stimuli (fear faces), nonsocially threatening stimuli (guns), socially nonthreatening
stimuli (happy faces), and nonsocial, nonthreatening stimuli (household items). Interestingly, endotoxin led to increases in threat-related neural
activity—in the amygdala—in response to the
socially threatening images (versus all other types
of stimuli). Furthermore, greater amygdala activity
in response to socially threatening images (versus
nonsocially threatening images) was associated with
greater increases in self-reported feelings of social
disconnection for participants who received endotoxin. Indeed, it appears that the effect of inflammation on threat was specific to social stimuli.
Overall, it appears that inflammation increases
social withdrawal, feelings of social disconnection
and anhedonia, as well as neural sensitivity to various kinds of negative social experience, including
rejection, feedback, and threatening stimuli. This
tendency for inflammation to heighten sensitivity to
socially threatening information and increase social
withdrawal behavior could potentially be adaptive.
Avoiding others could aid in preventing exposure
to threats to well-being for the vulnerable, infected
individual, as well as prevent spread of infection in
social networks.33
Effects of inflammation on positive social
experience
Given the literature reviewed above, it would be easy
to conclude that inflammation invariably leads to
social withdrawal. However, some more work has
found that, in some contexts, inflammation can
actually lead to increases in social approach and
8

sensitivity to social reward. Seeing as sick individuals are in a vulnerable state, it would be beneficial
for them to be able to identify sources of help and
care to aid in the recovery process (i.e., identifying
and affiliating with close others). Indeed, some findings from studies with nonhuman animals showing
increases in social behavior support this idea. Rhesus monkeys exposed to LPS (versus saline) spent
more time affiliating with their cage-mates, including being in close proximity to and clinging to this
familiar other.19 Similarly, while rats exposed to LPS
(versus saline) decreased their active social behavior, they spent more time passively huddling with
their cage-mates.34 This kind of increase in social
behavior in response to inflammation has also been
found in the context of pair bonding. Female prairie
voles exposed to LPS (versus saline) were faster to
establish preferences for a male partner, suggesting
that in some cases heightened inflammation may
facilitate pair-bonding.35 These findings suggest
that inflammation can lead to increases in social
behavior, depending on the context, which may
serve an adaptive purpose.17 Identifying and affiliating with others may provide sick individuals with
resources to facilitate recovery from illness.
Although work in humans is limited in this area,
some early findings parallel these findings from animal studies. In the first human study to directly test
the effect of inflammation on sensitivity to close
others, participants randomly received endotoxin
or placebo. Then, at the peak of the inflammatory
response, participants self-reported on their desire
to be around their close others (“I feel like being
around this person right now”) and completed a
neuroimaging task.18 During the imaging portion,
participants viewed images of their close others as
well as sex-, race-, age-, and expression-matched
strangers. In line with the behavioral findings in
animals, participants reported a greater desire to
be around their close others. Furthermore, participants who received endotoxin (versus placebo)
showed greater ventral striatum (VS) activity in
response to viewing images of their close others (versus strangers). The VS is a reward-related region,
which has been shown to correlate with feelings of
social connection.36 Interestingly, increases in the
proinflammatory cytokine IL-6 in response to endotoxin were positively correlated with increases in VS
activity. Together, these findings suggest that inflammation can lead to increased reward sensitivity to
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close others, as well as increases in desire to approach
close others.
In another study examining neural sensitivity to
reward, participants received positive feedback from
an anonymous evaluator after being exposed to
endotoxin or placebo.30 Similar to the findings in
the previous study, participants who received endotoxin (versus placebo) showed greater VS activity
in response to receiving positive feedback. Endotoxin participants also showed greater activity in
the ventromedial prefrontal cortex, another rewardrelated region.37 Although the evaluator in this study
was not a close other, it is plausible the positive
feedback alerted endotoxin participants that this
person may be a potential ally. The enhanced
reward-related activity in response to heightened
inflammation may be adaptive in that it may aid
vulnerable, sick individuals in identifying who may
be able to provide assistance and care.
Although these studies suggest that inflammation
can lead to increases in neural sensitivity to reward, it
is important to point out that these are specifically in
response to positive social experiences. Other work
has pointed to reductions in reward-related activity in other domains in response to inflammation.
For example, endotoxin (versus placebo) can lead to
reductions in VS activity in response to monetary
reward.38 This distinction in direction of effects on
reward sensitivity highlights the need to study social
(versus nonsocial) effects of inflammation.
Overall, it is important to note that inflammation can lead to increases in sensitivity to positive
social stimuli, including affiliative behavior in nonhuman animals and increases in desire to affiliate
in humans, as well as increases in neural sensitivity to socially rewarding experiences. This increased
neural sensitivity and affiliative drive toward close
others may be adaptive, in that it may allow the sick,
vulnerable individual to receive care and support
from a close other who can aid in recovery.
Other social effects of inflammation: social
cognition
Another area of social experience that may be altered
by inflammation and is vital to social functioning
is social cognition or the ability to think about the
minds (e.g., thoughts, feelings) of others. Indeed,
alterations in inflammatory processes are implicated in the etiology of psychiatric disorders marked
by social cognitive deficits such as schizophrenia
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and autism.39 For example, individuals with autism
and schizophrenia often have difficulties accurately
interpreting the emotional states of others and also
have poor social relationships in general, including experiencing social isolation.40–42 Lending support to the notion that inflammation may drive
social cognitive changes, one study in humans found
that endotoxin (versus placebo) led to declines in
social cognitive performance.43 In this study, participants at the peak of inflammatory response completed the Reading the Mind in the Eyes (RME)
test, which assesses the ability to accurately identify
others’ emotional states.44 Endotoxin participants
(versus placebo) decreased in their performance on
this task, suggesting that inflammation may lead to
impairments in social cognitive performance, and
these effects remained after controlling for factors
such as sickness behavior and mental confusion.
It is worth noting that another study using the
same task but a lower dose of endotoxin and a
smaller sample size did not find such differences
in performance between the endotoxin and placebo
groups.45 However, participants in this study completed the RME test in a neuroimaging environment,
and the neural results revealed that endotoxin (versus placebo) participants showed increased activity in neural regions related to social cognition.
The authors suggest that this increased activity may
be due to endotoxin-exposed individuals working
harder to engage in a normal level of social cognitive processing, engaging in a compensatory strategy
due to their compromised social cognitive ability.
This enhanced activity in social cognition regions,
coupled with the diverging findings on actual
performance on social cognitive tasks, suggest that
inflammation may play an important role in shaping
social cognition but that future research is needed
to more fully flesh out these effects.
A potentially unique role for IFN-␥
Proinflammatory cytokines such as IL-1 and tumor
necrosis factor ␣ play a key role in inflammationinduced sickness behavior.7,9 Another molecule,
IFN-␥ , which has been labeled as an antiviral
cytokine,20 has recently begun to emerge as another
interesting contributor to the effect of the immune
system on social behavior. Unlike primary proinflammatory cytokines—which are produced mainly
by myeloid lineage, innate immune cells such
as monocytes—IFN-␥ is primarily produced by
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activated T cells and facilitates Th 1 adaptive
immune responses against intracellular pathogens
such as viruses.46 IFN-␥ can also indirectly promote inflammation by stimulating the antimicrobial activity of monocytes.46 Given both its
association with and distinction from proinflammatory cytokines, it is perhaps unsurprising that
the effect of IFN-␥ on social behavior appears to be
complicated.
One clue that IFN-␥ was an interesting immune
marker to examine in the context of social behavior comes from the noted relationships between
IFN-␥ and psychiatric disorders, which are often
marked by alterations in social functioning. Unlike
proinflammatory cytokines, where many disorders
(e.g., major depressive disorder, bipolar disorder,
schizophrenia) are associated with elevations in
these markers,47 psychiatric disorders have been
associated with both increased and decreased IFN␥ 48 For example, individuals with schizophrenia
may display decreased IFN-␥ 49 but individuals with
autism may display increased levels.50 Because of
this inconsistency, it is unclear whether increases or
decreases in IFN-␥ are beneficial or detrimental.48
Recently, animal models using IFN-␥ knockout
mice are beginning to shed some light on potential
reasons for this divergence. In one study, IFN-␥
deficiency led to enhanced performance on cognitive tasks.51 In contrast, another study using IFN-␥
gene knockout mice found that lacking IFN-␥ led
to deficits in the social domain.20 As such, it may be
that alterations in this molecule may differentially
impact the social versus nonsocial domains, and
of course, these relationships may also be altered
by interactions with other biopsychosocial factors.
Further research is needed, in both animals and
humans, to determine whether increases in IFN-␥
are related to social benefits (whereas decreases
may be related to cognitive benefits) and in which
contexts.
Implications for health
As outlined in this review, inflammation plays a
role in shaping social behavior, including increasing
sensitivity to both negative and positive social experience. These findings emphasize the importance of
studying the effect of inflammation on a variety of
social versus nonsocial experiences in order to better understand the contexts and moderating factors
of the influence of inflammation on social expe10

rience. Developing a better understanding of the
effects of inflammation on social processes is particularly important when trying to extend this work
into the implications of these findings for health.
Many psychiatric illnesses, including depression,
have been associated with alterations in inflammatory processes.47 It has been proposed that heightened inflammation may play a role in the etiology
of depression, at least in a subset of patients with
depression.52,53 Indeed, proinflammatory cytokines
are elevated in individuals with depression.47 Furthermore, experimental studies using endotoxin in
humans have found that experimentally increasing
inflammation can lead to increases in depressed
mood in otherwise healthy subjects.13,24,54 Given
that depression is marked by “social risk factors,
social impairments, and poor social functioning,”55
understanding the interactions between inflammatory and social processes could be a key factor in
more fully understanding the links between inflammation and depression.
Loneliness, or feelings of social disconnection,
is one such social factor. Although loneliness and
depression are separable and distinct (i.e., not all
individuals who are lonely are depressed and not all
individuals with depression feel lonely),56–58 loneliness is very relevant to depression. Loneliness
increases the risk for depression,59 and characteristics of depression include reduced social contact
and social isolation.60,61 Furthermore, as discussed
above, experimentally inducing inflammation using
endotoxin can lead to increases in both feelings of
social disconnection and depressed mood.13,24,25,54
In fact, one study found that increases in feelings of social disconnection mediated the relationship between inflammation and depressed mood.13
Given these findings, it has been suggested that loneliness may play a key role in inflammatory subtypes
of depression.16 More broadly, these relationships
suggest that further elucidating the links between
social disconnection and inflammation may have
implications for better understanding and treating
depression.
In addition to its relationship with depression,
loneliness and social isolation are constructs worth
study in their own regard, particularly given their
impact on health. Loneliness is associated with
many physical and mental disorders,56 and perhaps most compellingly, the effect of social isolation on mortality is on par with risk factors
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such as smoking or obesity.62,63 Given the noteworthy impact of loneliness on health outcomes,
further understanding of the relationships between
inflammation and social processes may also lead to
breakthroughs in the treatment of loneliness, which
may ultimately lead to health benefits. One potential avenue of future research is to test the effect
of anti-inflammatory medications on loneliness. As
discussed above, inflammation leads to increases in
feelings of social disconnection, increases in sensitivity to social threat, and increases in sensitivity to social reward. Interestingly, lonely individuals
also exhibit higher levels of inflammatory biology, as
well as increased sensitivity to social threat 64–66 and
social reward.67 Given this overlap in the psychological states in both high levels of inflammation and
high-lonely individuals, it is possible that dampening this inflammatory response through pharmacological intervention may lead to reductions
in loneliness and improvements in health. Relatedly, researchers have conducted trials using antiinflammatory drugs to treat depressive symptoms,
and a recent meta-analysis found that this may be an
effective treatment for decreasing these symptoms.68
However, these trials have not examined the effects
of these drugs on loneliness or examined loneliness
in the context of depressed individuals. As such, this
remains an open, promising area of research.
Finally, another implication of the relationships
between social processes and inflammation on
health is in populations with chronic inflammatory disorders. Individuals with these disorders (e.g.,
rheumatoid arthritis, lupus) may experience alterations in social experiences for numerous reasons,
including facets of the disease (e.g., pain, disability) that may alter social relationships. The findings
discussed in this review would also suggest that the
underlying inflammatory processes of the disease
may also be directly impacting patients’ sensitivity to social experiences. Under chronic conditions,
it is possible that some patients develop hypersensitivity to socially threatening experiences, potentially
exacerbating tendencies to socially withdraw, as well
as hypersensitivity to socially rewarding experiences
with close others, potentially putting undue strain
and expectations on those relationships. Furthermore, given the unprecedented growth in the percentage of the worldwide population over age 65
and that many diseases of aging involve inflammation (e.g., cardiovascular disease, Alzheimer’s dis-
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ease), understanding the effects of inflammation
on social processes could have broad public health
implications.69–71 It is also possible that the findings
in this paper, based on the effects of acute inflammation, may play out differently in a chronic inflammatory context. Indeed, this is an understudied area of
research that may have wide-ranging implications
for patients with inflammatory disorders and an
aging population.
Conclusion
Overall, it appears that inflammation is a powerful organizer of social behavior. These changes
in neural sensitivity and behavior as a result of
inflammation—including increases in sensitivity to
both negative and positive social experience, dependent on context—are likely adaptive, allowing the
individual to allocate resources for rest and recovery and to identify close others who may help with
this process. These relationships between inflammation and social processes have various health implications, including for individuals with depression,
lonely individuals, and those with chronic inflammatory disorders, emphasizing the need to further
study and understand these complex relationships.
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