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ARTICLE

Plasma and cerebrospinal fluid inflammatory markers and
human aggression
Emil F. Coccaro1✉, Royce Lee2, Elizabeth C. Breen3 and Michael R. Irwin3

© The Author(s), under exclusive licence to American College of Neuropsychopharmacology 2023

A growing body of work suggests that individuals with aggressive behavior and/or aggressive tendencies have evidence of chronic,
low level, inflammation as manifested by elevated circulating levels of acute phase reactant proteins and pro-inflammatory
cytokines. While animal studies report that direct application of pro-inflammatory proteins in brain increase aggressive behavior,
there is no data on the relationship of central levels of these proteins and aggression in human subjects. We simultaneously
measured levels of both plasma and lumbar cerebrospinal fluid (CSF) C-Reactive Protein (CRP) and IL-6, IL-8, and TNF-α in 77
medically healthy, drug-free, individuals with varying degrees of aggression including 22 individuals with DSM-5 Intermittent
Explosive Disorder (IED). Aggression was assessed using the Life History of Aggression (LHA) and the Buss-Perry Aggression
Questionnaire (BPAQ). Plasma and CSF levels of CRP, IL-8, and TNF-α, but not IL-6, correlated significantly with each other.
Aggressive individuals with IED displayed elevated plasma, but not CSF, levels of proinflammatory markers and this relationship was
specific to IED. Similarly, composite aggression scores correlated significantly with plasma, but not CSF, pro-inflammatory markers.
Aggressive behavior in humans is correlated with Plasma, but not CSF, proinflammatory markers despite the observation that these
two sets of markers are significantly correlated. Since the direct application of proinflammatory proteins in brains of animals
increase aggressive behavior, proinflammatory proteins likely influence brain-based behavior in a manner not reflected in
lumbar CSF.

Neuropsychopharmacology (2023) 48:1060–1066; https://doi.org/10.1038/s41386-023-01541-3

INTRODUCTION
A growing body of work suggests that individuals with aggressive
behavior and/or aggressive tendencies have evidence of chronic,
low level, inflammation as manifest by elevated circulating levels
of acute phase reactant proteins and pro-inflammatory cytokines.
Specifically, circulating levels of C-Reactive Protein (CRP) displays a
positive correlation with hostile [1, 2], angry [3], and aggressive
dispositions [4, 5]; elevations of IL-6 levels are associated with the
same variables [5–9]. Animal studies report similar observations.
For example, defensive rage in cats is associated with elevated
levels of IL-1β and IL-6 and blocking IL-1β activity reduces these
effects [10–12]. In addition, mice deficient in inflammatory
cytokine receptors fail to exhibit aggressive and defensive
behavior even when threatened [13].
This led us to study inflammatory markers in those with

Intermittent Explosive Disorder (IED), a disorder of impulsive
aggression not due to the presence of other disorders or
conditions [14]. IED is present in up to 4% of individuals in the
U.S. lifetime and in up to 2.6% in any one year [15] and it is
associated with a variety of features suggestive of neurochemical,
neuroanatomical, and neurophysiological aberrations such as
reduced central serotonergic function [16], reduced gray matter
in cortico-limbic regions [17], and imbalance in frontal-amygdala
function [18, 19].

Our initial work reported elevations in plasma levels of CRP and IL-
6 in individuals with IED compared with both healthy and psychiatric
controls, who did not differ in this regard [20]. In addition, these pro-
inflammatory markers correlated directly with dimensional measures
of aggression. Subsequently, we conducted another study to
compare the role of pro-inflammatory markers obtained from Plasma
and from Cerebrospinal Fluid (CSF) in the same individuals in order
to: (a) replicate and extend these findings in the periphery and, (b)
test the hypothesis that pro-inflammatory markers in the CSF would
be correlated with those in Plasma and, in turn, elevated in
aggressive individuals and display direct correlations with measures
of aggression. The latter hypothesis was based on evidence
suggesting that peripheral inflammatory processes influence central
neuronal processes and on evidence of pro-inflammatory activity in
the post-mortem brains of individuals who died by suicide, many,
but certainly not all, of whom were aggressive in life.

METHODS
Subjects
Seventy-seven physically healthy study participants were recruited from
public service announcements, seeking individuals with history of
impulsive aggressive behavior and seeking individuals without this history.
All participants gave signed informed consent as approved by the
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Institutional Review Board (IRB) of the University of Chicago to undergo
assessment of both circulating (plasma) and cerebrospinal fluid (CSF) pro-
inflammatory markers. Subjects with bipolar disorder, schizophrenia,
current substance use disorder, intellectual disability, or episodes of loss
of consciousness greater than 30min, were excluded. Medical health was
documented by comprehensive medical history and physical exam which
included a screen for drugs of abuse (all subjects tested negative).

Diagnostic assessment
Major syndromal disorder diagnoses were made by DSM-5 criteria [14].
Research assessments were performed by individuals with masters/
doctoral degrees in clinical psychology with inter-rater (kappa) reliability
ranging from 0.79 to 0.93 (mean ± sd: 0.84 ± 0.05) across mood, anxiety,
substance use, and other disorders. Final diagnoses were assigned by
previously described best-estimate consensus procedures [21], utilizing
information from: (a) Structured Clinical Interview for DSM Diagnoses
(SCID) [22], (b) clinical interview by a research psychiatrist and, (c) review of
all available clinical data. Twenty-two study participants were identified as
“aggressive”, as documented by the presence of a current DSM-5 diagnosis
of Intermittent Explosive Disorder (IED); fifty-five participants were
identified as “non-aggressive”. Of the latter group, 28 had no history of
any DSM-5 disorder and 27 met DSM-5 criteria for a current and/or past
DSM-5 syndromal disorder. Specific DSM-5 diagnoses for participants with
a DSM-5 disorder are listed in Table 1.

Psychometric measures relevant aggression, anger,
impulsivity, and related behavioral dimensions
Aggression was assessed using the Aggression Scale from Life History of
Aggression (LHA; e.g., history of “temper tantrums”, “verbal” and “physical”
fights, “breaking things/objects”) [23] and the sum of the Verbal (e.g., “I can’t
help getting into arguments when people disagree with me”) and Physical
(e.g., “If somebody hits me I hit them back”) Aggression sub-scales from the
Buss-Perry Aggression Questionnaire (BPAQ) [24]. Anger and Hostility were
assessed with the Anger (e.g., “Sometimes I fly off the handle for no good
reason”) and Hostility (e.g., “I wonder why sometimes I fell so bitter about
things”) subscales from the BPAQ. Impulsivity was assessed with the total
scores from the Life History of Impulsive Behavior (LHIB) [25] and the Barratt
Impulsivity Scale (BIS-11) [26]. LHA and LHIB assess the number of times a
person has engaged in aggressive, or impulsive, behavior in their life and the
BPA and BIS-11 assess a person’s disposition to act aggressively, or
impulsively, as a personality trait. Life history of suicidal behavior was
assessed during the SCID interviews. Other relevant behavioral assessments
included Beck Depression Scale (BDI-II); [27] for state depression, Pittsburgh
Sleep Quality Inventory (PSQI) [28] for overall sleep quality, and Perceived
Stress Scale (PSS) [29] for perceived stressful events in the past month.
Ethnicity data, collected by diagnostic assessors, reflected self-identified racial
characteristics of the study participants. Socioeconomic status (SES) was
assessed using the method of Hollingshead [30].

Assessment of pro-inflammatory levels
Study participants were free of all medications for at least four weeks, typically
much longer. At time of study, participants had no signs of physical trauma,
or skin rash, and reported received no vaccinations in the previous six

months. Participants were admitted to the University of Chicago’s Clinical
Research Center (CRC) by 10 pm the evening before the lumbar puncture.
Participants went to bed and lay in a supine position by 11 pm. Participants
remained at rest, and fasting, for a lumbar puncture the next morning
between 8 am and 9 am. Whole blood, anticoagulated with EDTA, was
obtained by venipuncture through a forearm vein no more than 30min prior
to the lumbar puncture. Plasma was processed after centrifugation and stored
at −80 °C until assay at UCLA. The lumbar puncture was performed at L3-L4
under local anesthesia by a Board-Certified Anesthesiologist (AK or RF). After
the lumbar puncture, participants drank a liter of water over the next four
hours while they spent two hours on their abdomen followed by two hours
on their back. Participants were discharged home after examined by a
research psychiatrist (RL or EFC). The first 1.5 cc cerebrospinal fluid (CSF)
fraction was set aside with the next 7.5 cc fraction collected in a single tube.
This tube was vortexed to yield 15 homogenized 0.5 cc CSF fractions. All CSF
fractions were frozen at the bedside using a dry ice bath and kept at −80 °C
until assay at UCLA. One Plasma sample and one CSF sample was used to
assay C-Reactive Protein using a high sensitivity assay. Another sample of
Plasma and CSF was used to assay IL-6, IL-8, and TNF-α. We did not assay for
IL-1 related cytokines (e.g., IL-1β) because we found these to largely be
undetectable in similar study participants in our pilot work. Samples were run
together in the same assay and levels reported represent the mean of the
duplicates. Sensitivity and coefficient of variation were: 0.2mg/L / < 6.1% for
CRP and 0.21 pg/ml / < 8.0% for the other inflammatory markers, respectively.

Statistical analysis and data reduction
Comparisons between groups were performed by t test, analysis of
covariance, and by X2 tests as appropriate. Correlational analyses were
conducted by parametric methods including multiple regression. Alpha=
0.05 denoted statistical significance. All inflammatory markers were log-
transformed for analysis as all followed a non-normal distribution. Controls
with and without any DSM-5 psychiatric disorder did not differ in Plasma or
CSF pro-inflammatory levels and were combined into a single control group.
Data was analyzed both categorically (Controls vs. IED) and dimensionally as
a function of aggression, anger-hostility, and impulsivity. Analyses of
demographic and other relevant variables revealed that only age correlated
with pro-inflammatory levels, thus, all analyses used age as a covariate. Body
Mass Index, known to influence pro-inflammatory marker levels was also
used as a covariate. Follow-up analyses including potentially relevant
variables were also performed and reported below. A composite pro-
inflammatory variable was created from each participant’s z-score for log
CRP, IL-6, IL-8, and TNF-α levels. In addition, composite variables for
aggression (LHA/BPAQ), anger-hostility (BPAQ), and impulsivity (LHIB / BIS-11)
were created from each participant’s z-scores for these measures. While
highly correlated, none of the three composite behavioral variables fully
overlapped (r2 from 0.56 to 0.71) and, thus, we also created an omnibus
composite behavioral variable to use in our primary analyses.

RESULTS
Demographic, behavioral, and other characteristics of study
participants
Table 2 aggressive and non-aggressive study participants did not
significantly differ in demographic variables. Rates of current

Table 1. DSM-5 diagnoses among study participants with a psychiatric disorder.

Psychiatric controls (N= 27) Intermittent explosive disorder
(N= 22)

p Group differences*

Current syndromal disorders:

Any depressive disorder 0 (0.0%) 5 (22.7%) = 0.014 PC= IED

Any anxiety disorder 4 (14.8%) 5 (22.7%) = 0.713 PC= IED

Post-traumatic stress disorder 1 (3.7%) 6 (27.3%) = 0.036 PC= IED

Lifetime syndromal disorders:

Any depressive disorder 14 (51.9%) 12 (54.5%) = 0.999 PC= IED

Any anxiety disorder 9 (33.3%) 7 (31.8%) = 0.999 PC= IED

Post-traumatic stress disorder 4 (14.8%) 12 (54.5%) = 0.005 PC= IED*

Any substance use disorder 11 (40.7%) 10 (45.5%) = 0.779 PC= IED

*p < 0.05 after correction for multiple comparisons (uncorrected p < 0.006).
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regular, and heavy (>14 drinks/week for males and >7 drink/week
for females), alcohol consumption did not differ between the two
groups. In contrast, current history of smoking was more common
in the IED group (23 vs. 6%). As expected, the two groups differed
in aggression (LHA, BPA), anger/hostility (BPAQ), impulsivity (LHIB,
BIS-11), depression (BDI-II) scores, in scores for perceived stress
(PSS), and in overall quality of sleep (PSQI).

Correlations among plasma and CSF levels of inflammatory
markers (Fig. 1)
Plasma log CRP and CSF log CRP levels were highly correlated
(r= 0.85, p < 0.001, Fig. 1a) as were Plasma/CSF log TNF-α
(r= 0.46, p < 0.001; Fig. 1b) and Plasma/CSF log IL-8 (r= 0.28,
p= 0.014, Fig. 1c) levels. In contrast, log IL-6 levels displayed no
correlation (r=−0.08, p= 0.502, Fig. 1d).

Correlations among inflammatory markers in plasma and CSF
(Supplementary Table 1)
CRP correlated with IL-6 in plasma, as expected, but not in CSF,
while IL-8 correlated with TNF-α in both plasma and CSF. All other
correlations were statistically non-significant.

Plasma pro-inflammatory levels in aggressive vs. control
participants (Fig. 2a)
Composite log Plasma Pro-Inflammatory levels were significantly
higher in IED compared with Controls as were each of the four
plasma pro-inflammatory markers (Fig. 2a). Examining the
presence or absence of IED, and for lifetime disorders commonly

comorbid with IED (Coccaro et al., 2019; i.e., Depressive Disorder,
Anxiety Disorder, Post-Traumatic Stress Disorder, and Substance
Use Disorder) in the same ANCOVA model revealed that
differences between groups were statistically significant only for
IED (Supplementary Figure). The same was true for those with
current comorbidities, though only about a third of participants
had current (21 of 49), compared with lifetime (58 of 49),
comorbidities.

CSF pro-inflammatory levels in aggressive vs. control
participants (Fig. 2b)
In contrast, to plasma, the IED-Control difference in Composite log
CSF Pro-Inflammatory level only approached statistical signifi-
cance. This was due to a trend for statistical significance for the
IED-Control difference in log CSF CRP levels only.

Correlation with composite aggression, anger/hostility, and
impulsivity scores
Composite log Plasma (β= 0.35, p < 0.001), but not Composite log
CSF Pro-Inflammatory (β= 0.14, p= 0.183), levels correlated
significantly with the composite of behavioral variables for
Composite Aggression, Composite Anger/Hostility, and Composite
Impulsivity (Supplemental Table 2). When placed in the same
statistical model, the beta value for Plasma log Pro-Inflammatory
level increased by 29% (β= 0.45, p= 0.002) while the beta value
for CSF log Pro-Inflammatory level decreased by 57% (β=−0.08,
p= 0.586). Among the four plasma pro-inflammatory levels, CRP
(β= 0.30, p= 0.013) and IL-8 (β= 0.33, p= 0.006) correlated

Table 2. Demographic, behavioral, and other relevant variables.

Controls (N= 55) Intermittent explosive disorder (N= 22) Group differences

Demographic variables:

Age (Years ± SD) 34.8 ± 9.2 38.4 ± 10.4 CONT= IEDa

Sex (% Male) 45.5% 50.0% CONT= IEDb

Race (% White / AA / Other) 42% / 33% / 25% 27% / 59% / 14% CONT= IEDb

SES Score 40.6 ± 3.6 36.1 ± 15.1 CONT= IEDa

Behavioral variables:

Aggression

LHA Aggression 4.4 ± 3.7 18.5 ± 3.2 CONT < IEDa,c

BPAQ Aggression 27.4 ± 8.0 45.9 ± 12.5 CONT < IEDa,c

Anger / Hostility

BPAQ Anger 12.4 ± 5.8 23.7 ± 4.7 CONT < IEDa,c

BPAQ Hostility 16.4 ± 7.0 22.4 ± 5.6 CONT < IEDa,c

Impulsivity

LHIB Impulsivity 26.8 ± 16.6 51.8 ± 23.6 CONT < IEDa,c

BIS-11 Impulsivity 54.8 ± 9.6 70.6 ± 10.9 CONT < IEDa,c

Other relevant variables:

Body Mass Index (BMI) 25.6 ± 3.8 25.7 ± 4.2 CONT= IED

State Depression Score (BDI-II) 4.2 ± 7.2 11.6 ± 9.8 CONT < IEDa,c

PSQI Sleep Score 5.7 ± 2.3 7.5 ± 3.1 CONT < IEDa,c

Perceived Stress Score 21.2 ± 3.1 23.9 ± 3.9 CONT < IEDa,c

Other relevant lifestyle variables:

Current Alcohol Consumption (%) 66% 68% CONT= IED

Heavy Alcohol Consumption (%) 13% 10% CONT= IED

Log Mean Drinks/Week 1.04 ± 0.06 1.04 ± 0.05 CONT= IEDa

Current Smoking (%) 6% 23% CONT < IEDb,c

aBy t test.
bBy X2 test.
cp < 0.05.
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significantly with this composite behavioral variable. Unlike with
the IED-Control analysis, above, in which all pro-inflammatory
levels were higher in IED compared with Controls, the relationship
with IL-6 only approached statistical significance (β= 0.21,
p= 0.089) while the relationship with TNF-α (β= 0.19, p= 0.103)
was just beyond the criteria for a trend toward statistical
significance.
Examining the individual composite behavioral variables (Sup-

plementary Table 3), Composite Aggression (β= 0.35, p < 0.001),
Composite Anger/Hostility (β= 0.33, p= 0.002), and Composite
Impulsivity (β= 0.29, p= 0.006) each correlated significantly with
Composite Plasma log Pro-Inflammatory levels. Placing each of

these individual composite behavioral variables in the same
statistical model, however, revealed that none were uniquely
related to Composite Plasma log Pro-Inflammatory levels. In the
final model (F[5,71]= 5.92, p < 0.001), beta values for Composite
Aggression dropped from 0.35 (p= 0.001), examined alone, to 0.22
(p= 0.288) while beta values for Composite Anger dropped from
0.33 (p= 0.002) to 0.13 (p= 0.531), and beta values for Composite
Impulsivity dropped from 0.29 (p= 0.006) to 0.03 (p= 0.861).

Correlation with physical vs. verbal aggression
Of the two source aggression measures, only the BPAQ divides
“physical” aggression and “verbal” aggression into separate valid

Fig. 1 Plasma/CSF Correlation of CRP and Cytokines. a Correlation between Log Plasma and Log CSF C-Reactive Protein (CRP); (b) correlation
between Log Plasma and Log CSF TNF-a; (c) correlation between Log Plasma and Log CSF IL-8; (d) correlation between Log Plasma and Log
CSF IL- 6.

Fig. 2 Plasma and CSF Pro-Inflammatory Levels as a Function Group. a Marginal mean (±SEM) for log composite, CRP, IL-6, IL-8, and TNF-a
plasma levels for IED compared with controls. b Marginal mean (±SEM) for log CSF CRP, IL-6, IL-8, and TNF-a levels for IED compared with
controls.
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subscales. Composite log Plasma Pro-Inflammatory levels corre-
lated significantly with both BPAQ Physical Aggression (β= 0.33,
p= 0.002) and Verbal Aggression (β= 0.23, p= 0.036). When
placed in the same statistical model, BPAQ Physical Aggression
(β= 0.30, p= 0.027), but not Verbal Aggression (β= 0.04,
p= 0.789), scores correlated significantly with Composite log
Plasma Pro-Inflammatory levels.

Correlation with anger vs. hostility
The BPAQ also assesses “anger” and “hostility” as separate valid
subscales. Examined separately, Composite log Plasma Pro-
Inflammatory levels correlated significantly with both BPA Anger
(β= 0.41, p < 0.001) and Hostility (β= 0.32, p= 0.011) scores.
When placed in the same statistical model, BPAQ Anger (β= 0.35,
p= 0.029), but not Hostility (β=−0.00, p= 0.997), scores
correlated significantly with Composite log Plasma Pro-
Inflammatory levels.

Influence of other potentially relevant variables
Relevant variables related to demographics (i.e., sex, ethnicity, ses),
lifestyle (number of cigarettes per week, number of standard
alcohol drinks per week), depressive symptoms (BDI-II), perceived
stress (PSS), and overall sleep quality (PSQI) did not impact these
results. Adding all covariates did not meaningfully affect the IED-
Control difference in Composite log Plasma Pro-Inflammatory
levels (F[1,65]= 4.61, p= 0.035) or in the latter’s correlation with
Composite Aggression, Anger-Hostility, Impulsivity scores
(β= 0.36, p= 0.014; Fig. 3).

DISCUSSION
The results of this study replicate positive relationships between
aggression and plasma pro-inflammatory markers both from an
aggression vs. non-aggressive (control), and from a dimensional,
standpoint. Previously, we reported that, compared with controls,
individuals with Intermittent Explosive Disorder (IED) have
elevations of plasma levels of CRP and IL-6 [20]. Here, we replicate
that observation and extend it by noting that this may also be true
for IL-8 and TNF-α.
This study replicates IED-Control differences with CRP and IL-6

and extends this observation to include IL-8 and TNF-α. In
addition, we show that the presence of relevant co-morbid
diagnoses do not impact these IED-Control findings when placed
in the same statistical model as IED. This further supports the
hypothesis of a pro-inflammatory role in IED is not due to other
relevant psychiatric comorbidities. Finally, we report correlations
for measures of aggression, anger/hostility, and impulsivity with
composite plasma pro-inflammatory levels and replicate previous

findings in this regard. For dimensional analyses, while plasma
CRP and IL-8 levels were of moderate size and significantly related
to our behavioral measures, the relationships with IL-6 and TNF-α
were smaller in magnitude and of marginal statistical significance,
likely due to modest sample size. Overall, the dimensional
relationships seem to be accounted for by aggression and anger
rather than impulsivity since the latter accounts for little of the
variance in plasma pro-inflammatory levels when the three
composite behavioral variables are examined simultaneously.
These data are consistent with other human studies. First, self-

reported anger and aggressive disposition is increased in patients
treated with cytokine immunotherapy [31, 32]. Second, plasma
CRP and IL-6 correlate with measures of hostility [1–3, 7–9], anger
[3], and aggressive disposition [4, 5, 20], in adults. Third, greater
levels of anger and/or hostility have been associated with greater
production of inflammatory cytokines from blood monocytes in
healthy adults after stimulation by bacterial lipopolysaccharide
[33].
Given evidence of pro-inflammatory activity in the post-mortem

brains of those who completed suicide, many of whom are
aggressive, we hypothesized the presence of elevated levels of
pro-inflammatory markers in CSF as a function of aggression and
possibly anger. In addition, we hypothesized that plasma levels of
these markers would correlate with those in the CSF and that, in
turn, findings from plasma studies would correlate with those
from the CSF. This study provides only partial support for these
hypotheses.
While three of the four pro-inflammatory markers correlate

significantly in Plasma and CSF, we did not see a clear signal of
elevated pro-inflammatory cytokines in the CSF in those with IED,
or a correlation with aggression, in samples from the CSF. In fact,
when examined in the same statistical model, only plasma pro-
inflammatory levels displayed a medium-to-large relationship with
composite aggression, anger/hostility, and impulsivity. We did see
a trend for an elevation of Composite CSF log Pro-Inflammatory
level in IED study participants, but this was due to a similar trend
for log CSF CRP level; none of the other CSF markers were
elevated in the IED group though each was elevated in the
Plasma.
It is possible that the relationship between aggression and CSF

CRP levels represent evidence of a brain-based relationship. CRP is
produced in the brain at perivascular interfaces in macrophages,
and possibly in brain microglia, which are known to produce pro-
inflammatory cytokines in the brain [34]. However, the observa-
tion of a near unity correlation between CRP In plasma and CSF
which replicates the observation of Felger et al. [35], the
observation that none of the CSF pro-inflammatory cytokines
were elevated in IED study participants (or were correlated with
measures of aggression), as they were in plasma, and that CRP
correlated in plasma but not CSF, suggests that the relationship
between CSF CRP and aggression represents in this study, reflects
what is observed in the periphery.
The lack of evidence of a positive finding in CSF, however, is not

evidence of absence. CSF in living human subjects is collected
from the lumbar sack below the terminus of the spinal cord, an
anatomic location far from brain regions and circuits of interest. It
is likely that much, if not the vast majority, of inflammatory
proteins measured in lumbar CSF is produced in the distal spinal
cord. While levels of inflammatory proteins may correlate with
those in the brain, we know of no published studies comparing
inflammatory protein levels in lumbar CSF and brain in post-
mortem humans. Even so, a relationship between the two would
not provide evidence of pro-inflammatory processes in brain
regions and circuits of interest. The answer to this question will
have to wait for neuroimaging studies that putatively image
processes related to neuroinflammation such as PET TSPO binding
[36] and/or micro-structural MRI using magnetization transfer
Harrison [37].

β = 0.36 
n =   77 
p = 0.014

Fig. 3 Correlation Between COMP Plasama Pro-Inflammatory Level
and COMP Aggression/Anger-Hostility/Impulsivity Score. Correla-
tion between composite aggression, anger/hostility, impulsivity and
log composite plasma pro-inflammatory levels (all co-variates).
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Currently, the best evidence that peripheral inflammation
influences central neuronal processes comes from structural and
functional MRI studies as well as fMRI studies during pro-
inflammatory challenge with endotoxin which produces a robust
increase of pro-inflammatory mediators. Several reports note that
circulating levels of IL-6 are correlated with reduced gray matter
volume in the hippocampus of non-patient volunteers [38] and
that CRP is inversely correlated with the functional connectivity of
both the striatum and amygdala to mPFC [39, 40]. In addition,
endotoxin challenge has been shown to enhance fMRI BOLD
responses to social threat in the amygdala [41] and in the
orbitofrontal cortex [42]. It is thought that peripheral inflammatory
processes influence central neuronal processes by any one, or
more, mechanisms including passage through leaky regions in the
blood-brain-barrier, active transport through saturable transpor-
ters, activation of cells lining the cerebral vasculature which
produce cytokines and, binding to receptors on peripheral
afferent nerve fibers that relay cytokine signals to relevant brain
regions such as the hypothalamus, and other brain structures
[43, 44]. Finally, pro-inflammatory cytokines administered into
medial hypothalamus or periaquiductal gray in animal models of
aggression, for example, increase threat-related defensive aggres-
sion [12, 45–48] suggesting that the brain’s response to pro-
inflammatory proteins is aggressive responding.
This study also sheds light on what aspects of aggression and

anger/hostility are best related to elevated levels of plasma pro-
inflammatory levels. Analysis of the data reveal that physical, but
not verbal, aggression likely accounts for elevations of plasma pro-
inflammatory levels and that anger, but not hostility, likely
accounts for elevations of plasma pro-inflammatory levels, in our
study participants. Since physical and verbal aggression, anger,
hostility, and impulsivity are each correlated to a high degree, the
variance associated with verbal aggression and hostility is
subsumed in the variance related to physical aggression and
hostility and that related to plasma pro-inflammatory levels.
These results are not likely due to other, potentially, relevant

factors. Study participants were physically healthy, free of systemic
illness or recent physical injury, skin rash, recent history of
vaccination, free of psychotropic or anti-inflammatory medication,
and without current history of alcohol, or drug, use disorder. Study
participants were studied at rest in a controlled environment, and
had been fasting for at least eight hours, at time of study
procedures and results were unchanged when relevant variables
(e.g., body mass index, state depression, recent perceived stress,
etc.) were included in the statistical models. In addition, the
primacy of aggression (and anger) is supported by the observation
that elevations of pro-inflammatory markers were only found for
IED when examined, simultaneously with other relevant
comorbidities.
Next steps may include studies with endotoxin challenge to

determine if acute inflammation increases aggressive responding
in laboratory models of aggression as well as brain imaging
studies targeting neuroinflammation in relevant cortico-limbic
circuits.
The strengths of this study include a well characterized sample,

validated measures of aggression, anger/hostility, and impulsivity,
in the context of a multi-measure study, and a standardized
approach to minimize the effect of extraneous factors on Plasma
or CSF inflammatory levels. The fact that study participants were
medication free is another strength, given that many studies
involving the relationship of inflammatory markers with aggres-
sion [49, 50] or anger [51, 52] do not exclude concomitant
medications unless they are anti-inflammatory in action. Limita-
tions include the cross-sectional nature of the study, the modest
number of study participants, and the fact that correlational
analysis cannot establish causality.
In conclusion, we report a direct relationship between Plasma,

but not CSF, pro-inflammatory markers and aggression in human

subjects, particularly in those with IED. This relationship was not
accounted for by various potential confounds. Given that IED, a
disorder of impulsive aggression, displays a 2–3% one year
prevalence rate in the U.S. [15], and that currently available
treatments bring less than 50% of those into remission [53],
additional strategies for the examination and intervention of
human impulsive aggression are needed.
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