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Abstract

Background: Neurochemical studies have pointed to a modulatory role in human aggression for a variety of central 
neurotransmitters and neuromodulators such as cytokines. While animal studies of cytokines suggest an aggression-
facilitating role for central cytokines, especially for interleukin-1β and other cytokines, no cerebrospinal fluid studies of 
cytokines have yet been reported in regard to human aggression.
Methods: Basal lumbar cerebrospinal fluid samples were obtained from 38 physically healthy subjects with DSM-5 Personality 
Disorder and assayed for cerebrospinal fluid interleukin-6 (log IL-6) and cerebrospinal fluid soluble IL-1 Receptor II protein in 
the context of their relationship with measures of aggression.
Results: Cerebrospinal fluid soluble interleukin-1 Receptor II (r = .35, r2 = .12, P = .03), but not log interleukin-6 (r = -.05, r2 = .00, 
P = .76), levels were positively correlated with a composite measure of aggression. Adding relevant covariates, including 
cerebrospinal fluid levels of serotonin and dopamine metabolites, to the statistical model doubled the strength of this 
relationship (partial r = .54, r2 = .29, P = .002). No relationship was seen with history of suicidal behavior or with any measure 
of impulsivity, negative affectivity, or of general dimensions of personality.
Conclusion: These data suggest a positive relationship between at least one inflammatory cytokine in the central nervous 
system and aggression in human subjects. This finding adds to the complex picture of the central neurochemistry of impulsive 
aggression in human subjects.
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Introduction
Cytokines have roles both as mediators of inflammation and 
as neuromodulators (Dantzer et  al., 2008). A  modulating role 
for cytokines in aggressive behavior in mammals is suggested 
by direct experimental manipulation in lower mammals 
(Hassanain et  al., 2003, 2005; Zalcman and Siegel, 2006; Bhatt 
et al., 2008), by the effect of inflammatory cytokines on anger 
and aggression in patients treated with cytokine immuno-
therapy (McHuthison et al., 1998; Kraus et al., 2003), and by cor-
relative studies of plasma inflammatory cytokines in otherwise 

healthy humans (Suarez et al., 2002; Suarez, 2003; Kiecolt-Glaser 
et al., 2005; Marsland et al., 2008; Brummett et al., 2010).

Recently, we reported significant positive correlations 
between aggression and plasma levels of interleukin-6 (IL-6) in 
impulsively aggressive subjects and controls (Coccaro et al., 2014). 
Circulating inflammatory markers in plasma can cross into the 
central nervous system. These pathways include passage through 
leaky regions in the blood-brain-barrier, active transport through 
saturable transporters, activation of cells lining the cerebral 
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vasculature that produce cytokines and binding to receptors on 
peripheral afferent nerve fibers that can relay cytokine signals to 
relevant brain regions such as the hypothalamus, and other brain 
structures (Quan and Banks, 2007; Dantzer et al., 2008). Thus, it is 
an open question if cytokines assessed in spinal fluid also display 
a positive relationship with aggression in humans and if so, this 
may be a more direct way for cytokines to influence behavior.

For this follow-up study of cerebrospinal fluid (CSF) inflam-
matory markers and aggression, we chose to examine CSF lev-
els of IL-6 and soluble IL-1 Receptor II (sIL-1RII) protein. IL-6 was 
selected because it is a proinflammatory cytokine (Heinrich et al., 
2003) and has been shown to correlate positively with measures 
of aggression in human subjects (Suarez, 2003; Marsland et  al., 
2008; Brummet et al., 2010; Coccaro et al., 2014). sIL-1RII protein 
was selected as a proxy for IL-1β, an inflammatory cytokine that 
is typically nondetectable in generally healthy subjects, as it was 
in our preliminary studies. While circulating or CSF levels of IL-1β 
have yet to be studied in human aggression, we have observed a 
significant positive relationship between circulating levels of sIL-
1RII and aggression (E. F. Coccaro, R. Lee, and M. Coussons-Read, 
in preparation). In addition, studies in animals demonstrate that 
injection of IL-1β into medial hypothalamus, or periaqueductal 
grey, increases aggression in the defensive-rage model in the cat 
(Hassanain et  al., 2003, 2005). sIL-1RII is an IL-1–related protein 
that serves as a “decoy” IL-1 receptor (Colotta et al., 1994). It acts 
to bind IL-1β, preventing it from binding to sIL-1RI receptor pro-
tein, which is necessary to enable IL-1β to act as an inflamma-
tory cytokine. While sIL-1RII also binds IL-1α, only IL-1β is readily 
available in the circulation and capable of entering the CNS (Gabay 
et al., 2010). sIL-RII is not the only protein that modulates IL-1’s 
proinflammatory activity. IL-1Ra, a competitive inhibitor of IL-1, 
also blocks IL-1 activity, but only when IL-1Ra is present in great 
excess of IL-1 (Avend et al., 1990; Fischer et al., 1991). In contrast, 
IL-1β binds to IL-1RII with much greater affinity than either IL-1α 
or IL-1Ra, and thus sIL-1RII can serve as “proxy” for IL-1β, in turn, 
representing a counter-response to inflammatory activity medi-
ated through IL-1β (Gabay et al., 2010).

Since inflammatory cytokines are elevated in the plasma of 
human subjects as a function of aggression (Keicolt-Glazer et al., 
2005; Marsland et al., 2008; Brommet et al., 2010, Coccaro et al., 
2014) and because previous work links inflammatory cytokines 
with aggressive behavior in lower mammals (Zalcman and 
Siegel, 2006), we hypothesized that CSF levels of IL-6 and sIL-1RII 
protein would correlate directly with measures of aggression in 
personality disordered subjects. In addition, we hypothesized 
that any relationship between CSF levels of these inflamma-
tory cytokines and aggression would not be accounted for by 
relationships between aggression and CSF levels of serotonin or 
dopamine metabolites (Coccaro and Lee, 2010).

Methods

Subjects

Thirty-eight physically healthy adult male and female subjects, 
between 20 and 50 years of age, participated in this study. All 
subjects were afebrile and medically healthy and were system-
atically evaluated in regard to aggressive and other behaviors 
as part of a larger program designed to study the biological cor-
relates of impulsive aggressive and other personality-related 
behaviors in human subjects. Subjects were recruited from clini-
cal settings and through newspaper advertisements seeking out 
aggressive and nonaggressive individuals interested and will-
ing to participate in biological studies of personality traits. All 

subjects gave informed consent and signed the informed con-
sent document approved by our Committee for the Protection of 
Human Subjects. Subjects with a life history of bipolar disorder, 
schizophrenia (or other psychotic disorder), or mental retarda-
tion were excluded from this study.

Diagnostic Assessment

Syndromal and personality disorder diagnoses were made 
according to DSM-5 criteria (American Psychiatric Association, 
2013). Research assessments were performed by individuals 
with masters/doctoral degrees in clinical psychology with inter-
rater (kappa) reliability ranging from .79 to 93 (mean ± SD: 84 ± 
.05) across mood, anxiety, substance use, impulse control, and 
personality disorders. Final diagnoses were assigned by previ-
ously described best-estimate consensus procedures (Bunce 
et  al., 2005) utilizing information from: (1) Structured Clinical 
Interview for DSM Diagnoses (First et  al., 1997), (2) Structured 
Interview for the Diagnosis of DSM-IV Personality Disorder 
(Phohl et al., 1997), (3) clinical interview by a research psychi-
atrist, and (4) review of all available clinical data. The medi-
cal health of all subjects was documented by medical history, 
physical examination, electrocardiogram, and blood hematol-
ogy, chemistry (including hepatic profile), thyroid function tests, 
urinalysis, and drug screen (subjects screening positive for illicit 
drugs were not entered into study). Syndromal and personality 
disorder diagnoses are listed in Table 1.

Psychometric Measures: Aggression

Aggression, the primary outcome variable, was assessed with the 
Aggression Scale from Life History of Aggression (LHA; Coccaro 
et  al., 1997) and the Aggression Factor from the Buss-Durkee 
Hostility Inventory (BDHI; Buss and Durkee, 1957) before the 
lumbar puncture procedure. In healthy controls, LHA Aggression 
scores run from 0 to 11, while BDHI Aggression scores run from 
0 to 25.

Table  1. Syndromal and Personality Disorder Diagnoses in the 
Sample

PD Subjects (N = 38)

Current syndromal disorders
 Any depressive disorder 7 (18.4%)
 Any anxiety disorder 2 (5.3%)
 Any substance use disorder 0 (0.0%)
 Intermittent explosive disorder 10 (26.3%)
 Stress and trauma disorders 1 (2.6%)
 Eating disorders 1 (2.6%)
 Somatoform disorders 2 (5.3%)
Lifetime syndromal disorders
 Any depressive disorder 16 (42.1%)
 Any anxiety disorder 3 (7.9%)
 Any substance use disorder 14 (39.5%)
 Intermittent explosive disorder 12 (31.6%)
 Stress and trauma disorders 4 (10.5%)
 Eating disorders 2 (5.3%)
 Somatoform disorders 2 (5.3%)
Personality disorder
 Cluster A 10 (26.3%)
 Cluster B 13 (34.2%)
 Cluster C 9 (23.7%)
 Personality disorder-NOS 10 (39.5%)

Abbreviations: NOS, not otherwise specified; PD, personality disorder.
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Psychometric Measures: Related and Other 
Behavioral Variables

Life history of suicidal behavior, a related variable, was assessed 
during the SCID interviews described above. Impulsivity was 
assessed using the Barratt Impulsivity Scale (BIS-11; Patton et al., 
2005) and the Impulsiveness Scale from the Eysenck Personality 
Questionnaire-2 (EPQ-2; Eysenck and Eysenck, 1977). Other 
assessments included the Hamilton Depression Rating Scale 
(Hamilton, 1961) to assess current state depressive symptoma-
tology, Speilberger State Anxiety Inventory (Speilberger et  al., 
1999) to assess current state levels of anxiety, Life Experiences 
Survey (Sarason et  al., 1978) for both positive and negative 
stressful psychosocial life events over the previous 6  months, 
neuroticism from the Eysenck Personality Questionnaire 
(EPQ-N; Eysenck and Eysenck, 1975) to assess the relationship 
between the CSF inflammatory markers and “negative affectiv-
ity,” and novelty seeking, harm avoidance, and reward depend-
ence scales from the Tri-Dimensional Personality Questionnaire 
(Cloninger, 1988) as general measures of personality function. 
The Global Assessment of Function (American Psychiatric 
Association, 1994) scale was used to assess current psychoso-
cial functioning, and socioeconomic status was estimated using 
the method of Hollingshead (Edwards-Hewitt and Gray, 1995). All 
measures were assessed before the lumbar puncture procedure.

General Preparation for Study

No subject was taking any medical or psychotropic agents for 
at least 4 weeks at the time of study, typically much longer, and 
only 7 subjects (18%) had any lifetime exposure to psychotropic 
agents. Subjects were informed that initial and follow-up urine 
toxicology would be performed randomly just prior to study; 
illicit drug use was not detected in any subject reported herein.

Lumbar Puncture

The evening before the lumbar puncture, subjects reported to the 
Clinical Procedures Lab at approximately 8:00 pm. At approximately 
11:00 pm subjects had a snack and were placed at rest in a supine 
position in a hospital bed. Lumbar punctures were performed by 
a research neurologist in the morning hours after no less than 8 
hours of fasting and rest; all subjects were observed by staff to be 
sleeping through the night prior to lumbar puncture. The proce-
dure was performed under sterile technique with the subject in 
the lateral decubitus position. A total of 20 cc of CSF was obtained 
in 6 aliquots: aliquots 1, 2, and 4, 5, 6 each consisted of 1 cc of CSF 
and were set aside for future analyses. Aliquot 3 was composed of 
1 pooled 15-cc sample of CSF, subsequently subdivided into fifteen 
1-cc subaliquots for later analysis. One pooled aliquot was used 
for assay of IL-6 and sIL-1RII. All CSF samples were placed in poly-
propylene tubes and were frozen immediately at -80oC until assay 
in the laboratory of one of the coauthors (M.C.R.).

Assay of CSF Inflammatory Cytokines

All laboratory assays were conducted blind to any diagnostic 
or psychometric data. Commercially available enzyme-linked 
immunosorbent assay kits (R&D Systems) were used to quan-
tify CSF IL-6 and CSF sIL-1RII; preliminary studies revealed no 
detectable levels of IL-1β, and thus analysis of these data were 
not possible. Undiluted CSF samples were tested in duplicate and 
according to the directions provided by the manufacturer. Optical 
density at 450 nm was assessed using an automatic microplate 

reader (LabSystems MultiSkan), and the amount of IL-1RII in 
each sample was determined using the standard curve gener-
ated with each assay according to the manufacturer’s instruc-
tions. Samples were run together to avoid problems with assay 
drift and interassay variability. Enzyme-linked immunosorbent 
assay kits from the same manufacturer’s lot were used for all 
assays for all measures. In practice, these assays show minimal 
variability between the standard curves (<6% variability) in our 
laboratory. The mean of the duplicates was used as the unit of 
analysis for statistical evaluation of these data. In addition to 
CSF IL-6 and CSF sIL-1RII, CSF levels of 5-hydroxyindolacetic 
acid (5-HIAA) and homovanillic acid (HVA) were also available in 
these subjects, as previously described (Coccaro and Lee, 2010).

Statistical Analysis and Data Reduction

Data analysis involved correlational analyses including Pearson 
correlation and multiple regression analysis. An alpha level of 
0.05 denoted statistical significance. CSF IL-6 levels were not 
normally distributed and were log-transformed so that para-
metric statistical procedures could be employed. CSF sIL-1RII 
data were normally distributed and thus were analyzed without 
any transformation. Follow-up analyses were also conducted 
adding the effect of body mass index, current depression scores 
from the Hamilton Depression Rating Scale, positive and nega-
tive stressful life events during the previous 6 months from the 
Life Experiences Survey, and current alcohol consumption sta-
tus (yes/no) and current smoking status (yes/no); quantitative 
data regarding alcohol/smoking consumption were not avail-
able for this study. The primary behavioral outcome variable 
was a composite of the LHA and BDHI Aggression scores. These 
source variables were significantly correlated (r = .51, P < .001), 
and the composite variable was created by taking the Z-score 
for each, and dividing by 2, in a data-reduction step as previ-
ously described (Coccaro et al., 2010). The same composite vari-
able was created for a composite impulsivity variable (BIS-11/
EPQ-2).

Results

Demographic, Behavioral, and CSF Data

Data regarding the demographic, behavioral characteristics, and 
CSF levels for the sample are displayed in Table 2. Neither CSF 
IL-6 nor CSF sIL-1RII levels were significantly correlated with 
demographic variables such as age, gender, race, or socioeco-
nomic status.

CSF Inflammatory Cytokine Levels and Composite 
Aggression

CSF sIL-1RII (r = .35, r2 = .12, P = .03), but not log CSF IL-6 (r = -.05, 
r2 =  .00, P = .76), levels were correlated with composite aggres-
sion. Adding the relevant covariates to the statistical model did 
not alter this result (partial r = .38, r2 = .14, P = .029) for CSF sIL-RII 
levels. Using multiple regression analysis to break down com-
posite aggression into separate LHA and BDHI scores revealed 
nearly equal contributions for LHA (partial r = .16, r2 = .03) and 
BDHI (partial r = .20, r2 =  .04) to CSF sIL-1Rll levels. Adding the 
relevant covariates (body mass index, current depression scores, 
recent psychosocial stress score, current alcohol/smoking sta-
tus) either did not change (BDHI: partial r = .19, r2 = .04) or mod-
estly increased (LHA: partial r =  .22, r2 =  .06) the magnitude of 
these correlations.
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CSF Inflammatory Cytokines and Past History of 
Suicide Attempt

Despite the observation that composite aggression scores were 
significantly higher among subjects with a past history of a sui-
cide attempt [SA+ (n = 9): 0.63 ± 0.95 vs SA- (n = 29): -.20 ± 0.75; 
t36 = 2.71, P = .01], neither CSF log IL-6 nor CSF sIL-RII levels dif-
fered as a function of a past history of a suicide attempt.

CSF Inflammatory Cytokines and Nonaggressive 
Behavioral Variables

In contrast to composite aggression, neither of the CSF inflam-
matory cytokine levels correlated significantly with composite 
impulsivity, state anxiety, or any of the other personality trait 
variables (Table 3).

CSF Inflammatory Cytokines and Diagnostic 
Variables and Other Personality Variables

Neither CSF log IL-6 nor IL-RII levels differed as a function of 
current or lifetime history of depressive disorder, anxiety disor-
der, intermittent explosive disorder, or substance use disorder.

Relationship between CSF Inflammatory Cytokines, 
CSF 5-HIAA/CSF HVA Levels, and Aggression

Significant relationships between CSF 5-HIAA, CSF HVA, and 
measures of aggression have been documented in several reports 

(eg, Coccaro and Lee, 2010). Accordingly, it was of interest to 
determine if there was a relationship between CSF 5-HIAA, and/
or HVA, and the CSF marker/mediators in this study. Multiple 
regression with composite aggression as the dependent vari-
able, and CSF 5-HIAA, CSF HVA, and CSF sIL-1RII as independent 
variables (along with the other relevant covariates), revealed a 
significant relationship between composite aggression and CSF 
sIL-1RII levels (partial r = .54, r2 = .29, P = .002) even with the pres-
ence of CSF 5-HIAA/HVA in the statistical model (Figure 1).

Discussion

This is the first study to investigate the relationship of central nerv-
ous system inflammatory cytokines and aggression in human sub-
jects. The positive correlation between a history of aggressive acts, 
and between a personality measure of aggression, and CSF sIL-1RII 
level suggests a role for inflammatory activity in the modulation of 
aggressive behavior and is consistent with data from lower mam-
mals that IL-1β is involved in the positive modulation of aggres-
sion (Hassanain et al., 2003, 2005; Zalcman and Siegel, 2006; Bhatt 
et al., 2008). The absence of a similar observation with CSF IL-6, 
however, given a positive correlation observed between aggression 
and plasma levels of IL-6 in a separate group of subjects (Coccaro 
et al., 2014) may be due to differences in the 2 subject groups and/
or differences in circulating and CSF in regards to IL-6.

These results were not due to variability in other relevant fac-
tors. First, subjects were all physically healthy, free of any medi-
cation treatment for at least 4 weeks (typically much longer), and 
not dependent on alcohol or other drugs of any kind. Second, 
even after accounting for body mass index and other variables 
that might affect CSF levels of inflammatory markers (eg, current 
depressive symptoms, recent psychosocial stress, and current 
alcohol/smoking status), the results remained the same. This 
does not mean these variables are not relevant in the expression 
of CSF sIL-1RII levels, because these variables can be associated 
with elevations in a variety of inflammatory markers (Suarez, 
2003; Howren et al., 2009; Dowlati et al., 2010) in human subjects. 
Instead, our analysis simply shows that even after accounting for 
these variables, there is a significant relationship between CSF 
sIL-1RII level and composite aggression. Third, these results are 
not due to the presence of other Axis I or II conditions, impulsiv-
ity, negative affectivity, or to other dimensions of general person-
ality other than the dimension of aggression. In this way, these 
data tend to support the recently proposed RDoc approach to the 
study of dimensions of behavior and neurobiology rather than 
simply examining diagnostic entities (Insel et al., 2010).

Plasma levels of inflammatory cytokines are reported to cor-
relate positively with measures of aggression in human sub-
jects (Suarez, 2003; Kiecolt-Glaser et al., 2005; Suarez et al., 2006; 
Marsland et al., 2008; Coccaro et al., 2014). Thus, it was surprising 
to observe a relationship between aggression measures and CSF 
sIL-1RII but not with CSF IL-6. This may be due to fundamental 

Table 2. Demographic, Behavioral, and CSF Inflammatory Cytokine 
Data for the Sample

Demographic Variables PD Subjects (N = 38)

 Age (y) 32.5 ± 7.7
 Gender (M/F) 29/9
 Race (white/nonwhite) 26/12
 SES class (I/II-IV/V) 1/26/11
 GAF score 58.7 ± 9.7
Covariate variables
 Body mass index 24.2 ± 3.8
 Hamilton depression rating score 5.7 ± 4.2
 Life experiences survey 0.8 ± 14.2
 Current alcohol use status (yes) 68.4%
 Current smoking status (yes) 28.9%
Aggression behavioral variables
 LHA aggression score 9.5 ± 6.4
 BDHI aggression score 23.3 ± 10.0
Aggression-related variables
 History of suicide attempt (yes) 23.7%

Other behavioral variables
 BIS-11 impulsivity score 66.3 ± 13.8
 EPQ-2 impulsivity score 7.4 ± 5.2
 State anxiety score 38.6 ± 14.8
 EPQ neuroticism score 11.2 ± 6.3
 TPQ novelty seeking 16.4 ± 6.0
 TPQ harm avoidance 12.4 ± 7.5
 TPQ reward dependence 20.2 ± 5.0
CFS inflammatory cyokine levels
 CSF IL-6 (pg/mL) 3.0 ± 1.9
 CSF sIL-1RII protein (pg/mL) 334.0 ± 64.7

Abbreviations: BDHI, Buss-Durkee Hostility Inventory; BIS, Barratt Impulsivity 

Scale; CSF, cerebrospinal fluid; EPQ, Eysenck Personality Questionnaire; GAF, 

Global Assessment of Function; LHA, Life History of Aggression; SES, Socioeco-

nomic status; TPQ, Tridimensional Personality Questionnaire.

Table  3. Correlations between CSF Inflammatory Cytokines and 
Nonaggression Variables

CSF Log IL-6 CSF sIL-1RII

Composite impulsivity r = -.01 (P = .94) r = .04 (P = .81)
State anxiety r = .08 (P = .63) r = .05 (P = .75)
Neuroticism r = .00 (P = .98) r = .05 (P = .76)
Novelty seeking r = .09 (P = .60) r = .09 (P = .58)
Harm avoidance r = .02 (P = .90) r = -.06 (P = .71)
Reward dependence r = -.19 (P = .26) r = -.26 (P = .11)
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differences between the inflammatory cytokines and/or type II 
error. While IL-6 is a direct marker, sIL-1RII is an indirect marker 
of inflammation. This is because sIL-1RII becomes a high affinity 
IL-1β receptor once bound to its accessory protein (Gabay et al., 
2010). In this high affinity state, the degree of IL-1β available to 
bind to IL-1RI receptors on target cells is diminished, in turn 
reducing the propagation of a IL-1β–mediated proinflammatory 
response (Gabay et al., 2010).

The inflammatory cytokines studied are present in human 
CSF both because of the presence of inflammatory processes 
in the CNS and because of transfer of such cytokines from the 
circulation to the CNS. Circulating inflammatory markers in 
plasma can cross the blood-brain-barrier through a number of 
pathways, including, but not limited to, binding to receptors on 
peripheral afferent nerve fibers that can relay cytokine signals 
to relevant brain regions such as the hypothalamus, and other 
brain structures (Quan and Banks, 2007; Dantzer et al., 2008;). 
While we cannot know how much of the sIL-1RII detected in 
the CSF of these subjects comes from within the CNS or from 
the circulation, cytokines such as IL-1β (which bind well to sIL-
1RII and less well to sIL-1RI, receptors) can modulate aggressive 
behaviors in animals when centrally administered (Hassanain 
et  al., 2003, 2005). The effect of IL-1β may be mediated by its 
stimulation of 5-HT-2 receptors in the medial hypothalamus 
(Hassanain et  al., 2005). If so, it is noteworthy that CSF sIL-
1RII levels correlated with composite aggression, even when 
CSF sIL-1RII and CSF 5-HIAA levels are in the same statistical 
model. These data suggest that, despite the known relationship 
between CSF 5-HIAA levels and aggression (Coccaro and Lee, 
2010), CSF sIL-1RII levels appear related to aggression above 
and beyond the explanatory nature of relevant monoamine 
metabolites.

It is possible that central inflammatory markers are elevated 
in response to the stress of repeated aggressive interactions. 
Clinical study of healthy individuals demonstrates an increase 
inflammatory cytokines after anger recall interviews (Brummett 
et al., 2010). However, these changes were small and dependent 
on the subject having high self-assessed depression scores. In 
the current study, subjects were examined in the morning after 
sleeping overnight in a bed in the Clinical Procedures Suite, with 
no subject reporting physical injury of any notable psychosocial 
stressor on the day of, or during the day before, sample collec-
tion. On the other hand, undergoing a lumbar puncture can be 
perceived as anxiety-provoking, if not stressful, and there may 
have been some variability among subjects along this dimen-
sion. Despite this, we observed no relationship between any 
of the CSF inflammatory markers and state levels of anxiety 
suggesting that inter-subject variability along this dimension 
cannot account for the present findings. Finally, statistical con-
trol for differences in recent psychosocial stress with the Life 
Experiences Survey did not alter the results, further suggesting 
that this variable cannot account for these findings.

The strengths of this study include a well-characterized 
patient sample, multiple validated measures of aggression 
and related measures, a standardized approach to drug-free 
status, and subject activity to minimize the effect of extrane-
ous factors on CSF inflammatory marker levels. Limitations to 
this include the fact that this is a cross-sectional study, that 
no causal conclusions can be made from associative and cor-
relational analyses, and that the magnitude of these findings 
may be smaller, or non-existent, in a larger sample. An addi-
tional limitation is that only categorical assessments of cur-
rent alcohol consumption and current cigarette smoking were 
available for analysis. While adding these categorical measures 

Fig. 1. Partial regression plot between cerebrospinal fluid (CSF) soluble IL-1 Receptor II (sIL-1RII) receptor protein and composite aggression in personality disordered 

subjects (includes covariates: CSF 5-hydroxyindolacetic acid [5-HIAA], CSF homovanillic acid [HVA], body mass index, current depressive score, recent psychosocial 

stress score, and current drinking/smoking status).
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did not change the results, it is possible that adding the num-
ber of alcoholic drinks per day and the number of cigarettes 
per day could have reduced or enhanced these results. Finally, 
the ascertainment of subjects may limit the generalizability 
of these findings in that these involved subjects who volun-
teered for research study rather than for clinical treatment. 
However, nearly all subjects (84%) reported a past history of 
psychiatric treatment (63%) or of having episodes of behavioral 
disturbance for which they or others thought they should have 
sought mental health services but did not (23%). If so, at least 
this group of subjects may be similar to those who would have 
been recruited from a clinical setting.

In summary, we report a positive relationship between CSF 
sIL-1RII protein levels and aggression in human subjects, partic-
ularly in those with a personality disorder. This relationship was 
not accounted for by any factors studied such as demographic/
physical correlates, psychiatric disorder, body mass index, cur-
rent depressive symptoms, recent psychosocial stress, current 
alcohol or smoking status, negative affectivity, or other person-
ality traits other than aggression. These data are in line with the 
hypothesized central role IL-1β plays in regulation of aggression 
as reported in animal models of aggression (Zalcman and Seigel, 
2006). However, only, experimental studies examining aggres-
sive responding in the laboratory, with and without pretreat-
ment with antiinflammatory agents, can shed light on whether 
IL-1β or other inflammatory cytokines are related to aggressive 
behavior in any meaningful causal fashion. Given that a disor-
der of aggression, intermittent explosive disorder displays, a 2% 
to 3% 1-year prevalence rate in the US (Kessler et al., 2006), and 
that currently available psychotropic treatments bring <50% of 
those treated into remission (Coccaro et a., 2009), additional 
strategies for the examination and intervention of aggression in 
human subjects is needed.
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