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OPEN

ORIGINAL ARTICLE

High interleukin-6 and impulsivity: determining the role of
endophenotypes in attempted suicide
J Isung1, S Aeinehband1, F Mobarrez2, P Nordström1, B Runeson1, M Åsberg2, F Piehl1 and J Jokinen1,3

The dysregulation of inflammation has been associated with depression and, more recently, with suicidal behaviors. The reports
regarding the relationship between interleukin-6 (IL-6) and suicide attempts are inconsistent. Personality traits such as impulsivity
and aggression are considered endophenotypes and important factors that underlie suicidal behaviors. The aim of the current
study was to assess whether plasma and cerebrospinal fluid (CSF) levels of IL-6 are associated with personality traits among suicide
attempters. We assessed the relationships among personality traits, IL-6 and violent suicide attempts. The plasma and CSF levels of
IL-6 were measured in suicide attempters (plasma= 58, CSF = 39) using antibody-based immunoassay systems. Personality domains
were assessed using the Karolinska Scale of Personality (KSP). IL-6 levels in plasma and CSF were used to predict personality
domains via regression models. Plasma IL-6 was significantly and positively correlated with extraversion as well as the KSP subscales
impulsivity and monotony avoidance. CSF IL-6 was positively correlated with monotony avoidance. Violent suicide attempts tended
to be associated with high plasma IL-6 levels. Plasma and CSF levels of IL-6 were not significantly associated with each other. These
results indicate that impulsivity and the choice of a violent suicide attempt method might be related to higher levels of IL-6 in
individuals who attempt suicide. The neuroinflammation hypothesis of suicidal behavior on the basis of elevated IL-6 levels might
be partly explained by the positive association between IL-6 and impulsivity, which is a key element of the suicidal phenotype.
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INTRODUCTION
Suicidal behaviors constitute a major global health burden and
lead to the annual death of one million people worldwide.1

Suicidal behavior is independently inherited from other concomi-
tant psychiatric morbidities.2,3 An endophenotypic approach is a
rational way of linking biological factors with established traits or
probable risk factors to dissect the etiology of a complex and
multifactorial behavior such as suicide.4,5

Certain personality traits such as impulsivity and aggression are
frequently present in suicidal behaviors; therefore, they are
considered endophenotype candidates,6 particularly among
younger participants.7 This association appears to be independent
of comorbid depression; furthermore, evidence from twin studies
has demonstrated a genetic contribution to these traits that could
explain a portion of the heritability of suicidal behavior.8

Impulsivity is partially inherited and partially influenced by
environmental factors during neurodevelopmentally critical peri-
ods in childhood and adolescence.9 Family studies have reported
a co-segregation of aggression and impulsivity with regard to
suicidal behaviors.6 Links have been found between aggressive
behavior and serotonergic activity and, recently, interleukin-6
(IL-6) and C-reactive protein (CRP) levels.6,10 Population-based
studies have reported positive associations between impulsivity
and plasma IL-6 levels.11

Two previous studies reported an association between suicidal
behaviors and elevated levels of IL-6 in the cerebrospinal fluid
(CSF) and plasma of patients with depression;12,13 however, one
study did not find differences between suicide attempters and
healthy controls with regard to CSF IL-6 levels.14 Personality traits

such as impulsivity might explain these discrepancies as well as
portions of the high IL-6 levels previously reported with regard to
suicidality.10 Furthermore, Lindqvist et al.12 found that patients
who chose violent suicide attempt methods15 had significantly
higher CSF IL-6 levels than those of nonviolent attempters.
Because the results regarding elevated IL-6 levels among

suicidal patients are inconsistent and previous studies have
reported findings concerning cytokine IL-6 with regard to
personality traits such as aggression and impulsivity,10,11 we
assessed the relationship between personality traits and IL-6 in the
plasma and CSF of suicide attempters. Our primary hypothesis was
that the personality factor dominated by impulsive traits (that is,
extraversion) would be associated with higher IL-6 levels in plasma
and CSF. Our secondary aim was to assess whether IL-6 levels were
related to the choice of suicide attempt method. We hypothesized
that violent suicide attempt methods would be associated with
higher IL-6 levels in plasma and CSF.

MATERIALS AND METHODS
Setting
The clinical cohort was composed of patients participating in a study on
biological and psychological risk factors for suicidal behavior. They were
recruited among patients receiving a clinical follow-up at the Psychiatric
Clinic of the Karolinska University Hospital after a suicide attempt.
The Regional Ethical Review Board in Stockholm approved the study

protocol (Dnr 93-211), and the patients provided written informed consent
to participate.
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Participants
To be included in this study, patients had to be aged 18 years or older with
a suicide attempt within the last month, an adequate capacity to
communicate verbally and able to write in Swedish. Patients were
excluded if they had schizophrenia spectrum psychosis, dementia or
mental retardation, or if they were engaged in intravenous drug abuse.
Suicide attempt was defined as any nonfatal, self-injurious behavior with

the intent to cause death.16 A trained psychiatrist interviewed the
participants using the Structured Clinical Interview of Diagnostic and
Statistical Manual of Mental Disorders (DSM-III) for Axis I disorders (SCID-
I)17 to establish a diagnosis (American Psychiatric Association). Axis II
diagnoses were established using the SCID-II interview.
Plasma was collected from 58 suicide attempters (23 men, mean

age= 39 years, s.d. = 12.7 years, range= 20–69 years; 35 women, mean
age= 36 years, s.d. = 12 years, range= 18–68 years). CSF was collected from
43 suicide attempters (15 men, mean age= 45 years, s.d. = 12.8 years,
range= 22–69 years; 28 women, mean age= 36 years, s.d. = 12.7 years,
range= 18–68 years) in the same sample (Table 1).
The patient characteristics regarding age, gender, body mass index

(BMI), primary diagnosis and comorbidity are presented in Table 1. A
paired plasma sample was obtained from all of the patients who provided
CSF. The paired sampling was conducted on the same day on the basis of
the study protocol. Fifty-one of the patients eligible for plasma sampling
(88%) and 36 of the patients eligible for CSF sampling (84%) were drug-
naive to antidepressants before the suicide attempt. The seven patients
(16%) who had been treated with antidepressants before their suicide
attempts had a mean washout period of 34 days (s.d. = 14.1 days;
range= 26–62 days).

Somatic comorbidities
The patients were assessed with regard to somatic comorbidities. Two
patients suffered from cardiovascular disease, three patients suffered from
diabetes, one patient suffered from Crohn’s disease, one patient suffered
from celiac disease and four patients suffered from chronic pain not
otherwise specified.

Blood sampling procedure
The blood samples were collected in EDTA-containing tubes in conjunction
with the suicide attempt between 0730 and 0800 hours after a night of
fasting and bed rest. The blood samples were collected between 1993 and
1998. The same conditions were applied to all of the samples. The blood
was centrifuged within 5min at room temperature (1000× g for 10 min).
The plasma was collected and stored at − 80 °C until the cytokine levels
were measured. The samples had not been thawed before the cytokine
analysis in 2010.

Lumbar puncture procedure
Twelve milliliters of CSF were collected using a standard lumbar puncture
protocol between 0800 and 0900 hours after the patients had been in bed
while fasting since midnight. The CSF was immediately centrifuged, and
the supernatant was stored at − 80 °C until analyzed. The aliquoted CSF
samples had not been thawed before the cytokine analysis.

Cytokine analysis in plasma
The samples were analyzed using a high-throughput automated biochip
immunoassay system from EvidenceH (Randox Laboratories, Crumlin, UK).
Biochip Array technology was used for the simultaneous quantitative
detection of multiple analytes from a single sample.
The technology used was based on the Randox Biochip, a solid-state

device containing an array of discrete test regions for immobilized
antibodies specific to different cytokines and growth factors. A sandwich
chemiluminescent immunoassay was employed for the cytokine array. The
light signal generated from each test region on the biochip is detected
using digital imaging technology, and the concentration of the analyte
present in a patient or control sample was calculated using a
calibration curve.
All of the values obtained in this study were in the range of the standard

calibration curve. Because a high-sensitivity kit was used, each calibration
began at 0 pgml− 1. The inter- and intra-assay variations are o10%
according to manufacturer. The quality control procedures were imple-
mented in the cytokine profiles that had passed predefined acceptance

criteria to guarantee a high degree of precision. The results from the
primary analysis were included in a previous study.18

Cytokine analysis in CSF
The samples were analyzed using two MSD Human Proinflammatory-4 II
Ultra-Sensitive 96-well plates (K15025C-1). The samples were analyzed
according to the manufacturer’s recommendations, with the following
exceptions: The standard points started at 1000 pg μl− 1; and the calibrator,
samples and controls were incubated overnight at 4 °C. The duplicates of
four patient samples regarding IL-6 showed high variability and were
therefore excluded from the analysis. A total of 39 patients are included in
the following CSF results and table sections. The inter-assay variation was
7.3%, and the intra-assay variations were 7.9 and 6.6%, respectively. The
results from the primary analysis were published in a previous study.14

Assessment of personality traits
The Karolinska Scale of Personality (KSP) is a self-assessment questionnaire
initially constructed to measure personality traits in biological research.19

The personality inventory consists of 135 items grouped into 15 subscales.
Each item is provided as a statement that can be responded to using a
four-point Likert-type scale that ranges from ‘Does not apply at all’ to
‘Applies completely.’ The KSP raw scores were transformed into T scores
(population M=50, s.d. = 10) on the basis of an age- and gender-stratified
Swedish normative sample.19

In the current study, we used the four-factor structure proposed by
Gustavsson et al. that includes (1) neuroticism (including the subscales
socialization (negative loading), somatic anxiety, psychic anxiety, muscular
tension, psychasthenia, inhibition of aggression, irritability and guilt); (2)
psychoticism (including the subscales detachment and suspicion); (3)
nonconformity (including the subscales social desirability (negative),
indirect aggression and verbal aggression); and (4) extraversion (including
the subscales impulsiveness and monotony avoidance).20

The KSP factor structure proposed above was recently validated using a
large cohort of suicide attempters. The current patient sample comes from
the same population that was used to validate the factor structure.21 The
psychometric properties of the KSP and its subscales, with regard to long-
term stability and predictive ability, are acceptable.20,22

Classification of suicide attempts
Suicide attempts were classified as violent or nonviolent in line with a
previous dichotomization that has shown predictive abilities for future
suicide attempts and completed suicides.15 Self-poisoning and single-cut
wrists were considered nonviolent attempts, and all others (for example,
attempted drowning, shooting, hanging or gassing) were considered
violent. See Table 1 for information on the distribution of this variable
among the patient sample.

Table 1. Demographic and clinical data concerning the study
population

Suicide attempters Plasma IL-6
n= 58

CSF IL-6
n= 39

Age (years) mean± s.d.,
range

37.2± 12.2, 18–69 38.6± 13.6, 18–69

Age (years) mean± s.d.,
range (male)

39± 12.7, 20–69 45.6± 13.4, 22–69

Age (years) mean± s.d.,
range (female)

36± 12, 18–68 35.5± 12.8, 18–68

Gender (n=male) (% male) 23, 40% 12, 31%
BMI (kg/m2) mean, range 24.6, 18.1–32.8 24.7, 18.2–32.8
Depression as primary
diagnosis

44/58, 76% 30/39, 77%

Personality disorder 22/56a, 39% 15/38a, 39%
Alcohol abuse 14/58, 24% 7/39, 18%
Suicide method violent (%
yes)

11/58, 19% 7/39, 18%

Abbreviations: BMI, body mass index; CSF, cerebrospinal fluid; IL,
interleukin. aIn the plasma cohort, two, and in the CSF cohort, one
recording on personality disorder was missing.
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Statistical analyses
The JMP 10 (SAS Institute, Cary, NC, USA) statistical package for Mac OS X
was used for all statistical analyses. The plasma and CSF IL-6 data were
tested for normality using the Shapiro–Wilk test. To reduce skewness to
the right, all of the data were logarithmically transformed for additional
analysis. The quantitative population characteristics were described using
means, standard errors and quantiles.
The potential effect of confounds with regard to the log of plasma IL-6

was tested using a multivariate linear regression model. The models
consisted of age, gender, BMI, depression severity (as measured by the
Montgomery–Åsberg Depression Rating Scale (MADRS)),23 a comorbid
diagnosis of personality disorder and alcohol abuse. Only age significantly
predicted plasma IL-6 in the model (t=3.8, P= 0.0004); other P-values
ranged between 0.26 and 0.86. Furthermore, adding a diagnosis of somatic
comorbidity to a separate model with age and extraversion as predictors
did not affect the significance of the model, and somatic comorbidity did
not predict plasma IL-6 (P= 0.94).
Similarly, the potential confound effect for the log of CSF IL-6 was tested

using the same parameters; however, no significance was found for the
tested confounds, and the P-values ranged between 0.09 and 0.95. The
sample storage time was not significantly correlated with IL-6 levels
(P=0.96 for plasma, P= 0.43 for CSF).
Tests of parametric correlations were performed using Pearson’s r. Tests

of nonparametric correlations were performed using Spearman’s ρ.
A standard forced multiple regression analysis tested the association

between plasma IL-6 levels and KSP personality factors, with the former as
the dependent variable and the latter (neuroticism, psychoticism,
extraversion and nonconformity) and age as the independent variables.
Group differences (violent vs nonviolent suicide attempts) were computed
using one-way analyses of variance for the continuous variables.
Alpha was set at 0.05.

RESULTS
Plasma and CSF IL-6 levels
The plasma and CSF IL-6 results from the cytokine analyses are
presented in Table 2. The correlation between the untransformed
data of these levels in the patient sample was not significant
(r= 0.15, P= 0.39; Figure 1).

Plasma and CSF IL-6 levels and KSP personality factors
The plasma IL-6 levels were significantly and positively correlated
with the KSP personality factor extraversion (r= 0.48, Po0.0001).
In contrast, CSF IL-6 levels were not significantly correlated with
any personality factor (Table 3).
A standard linear regression model was used with the four KSP

personality factors and age to predict plasma IL-6 levels. The
regression model was significant: adjusted R2 = 0.41, F = 8.8, DF = 5,
Po0.0001. Extraversion and age were independent and signifi-
cant predictors of plasma IL-6 levels (Table 4).

Plasma and CSF IL-6 levels and KSP extraversion subscales
In the next step, a correlational analysis between the KSP
subscales for extraversion (impulsivity and monotony avoidance)
and the plasma and CSF IL-6 levels was performed. Plasma IL-6
was significantly correlated with impulsivity (r= 0.39, Po0.01;
Figure 2a) and monotony avoidance (r= 0.36, Po0.01; Figure 2b),
whereas CSF IL-6 was correlated with monotony avoidance

(r= 0.35, Po0.05; Figure 2c). The correlation between CSF IL-6
and impulsivity was not significant.

Plasma, CSF IL-6 and personality traits with regard to suicide
attempt method
Plasma and CSF IL-6 levels tended to be higher among suicide
attempters who had used a violent method than among the
nonviolent attempters (F = 3.51, P= 0.07; F = 2.4, P= 0.13, respec-
tively). After adjusting for age and gender, the choice of a violent
suicide attempt tended to be associated with higher plasma IL-6
levels (P= 0.051).
Significant differences were not observed with regard to the

extraversion scores between violent and nonviolent suicide
attempters (P= 0.55).
The regression model with plasma IL-6 as the dependent

variable and age, choice of suicide attempt method, extraversion
and the interaction between choice of method and extraversion
did not reveal a significant interaction term (P= 0.13). When the
nonsignificant interaction term was removed from the model, it
was significant (adjusted R2 = 0.45, F = 16.9, DF = 3 and Po0.0001).
Extraversion and age significantly predicted plasma IL-6 levels,
whereas the choice of method trended toward significance
(P= 0.07).

DISCUSSION
The current study found that suicide attempters with more
impulsive and sensation-seeking personality traits had signifi-
cantly higher plasma levels of IL-6. High CSF IL-6 levels were
associated with the trait monotony avoidance, which reflects the
need for excitement, change and the avoidance of routine
activities. This personality trait can be regarded as similar to
sensation seeking, a trait conceptualized in impulsivity models.
Monotony avoidance mediates suicidal behaviors.24

Furthermore, we found a trend such that violent suicide
attempters had higher plasma IL-6 levels than nonviolent
attempters. In our earlier study, we did not find elevated CSF
IL-6 levels in suicide attempters compared with healthy
volunteers.14 In the light of the results showing higher IL-6 levels
in more impulsive suicide attempters, we hypothesize that IL-6 is
more strongly associated with certain aspects of suicidality (for
example, impulsivity or the choice of a violent method) than
suicidality per se. Our results indicate that extraversion and violent
method might be independently associated with plasma IL-6
levels, which matches earlier reports of the plasma inflammatory
process and impulsivity and aggression.10,11

Table 2. IL-6 levels in plasma and CSF

Suicide attempters Plasma IL-6 CSF IL-6

n= 58 n=39

Levels (pgml− 1), mean± s.e.m. 1.43± 0.17 1.0± 0.15
Range 0.23–8.15 0.17–3.7
Median, quantile (0.1, 0.9) 1.12, 0.30, 3.0 0.67, 0.33, 2.27

Abbreviations: CSF, cerebrospinal fluid; IL, interleukin.

Figure 1. Correlation between plasma and cerebrospinal fluid (CSF)
interleukin-6 (IL-6) in suicide attempters.
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Lindqvist et al.12 found that violent suicide attempters had the
highest CSF IL-6 levels. In our cohort, 39% of suicide attempters
had a personality disorder; this diagnosis is frequently associated
with high impulsivity.25 Comorbid personality disorders were not
reported in the Lindqvist study, which might partially explain the
different findings.
A few studies, most of them using population-based cohorts,

have focused on IL-6 as a possible biomarker for personality traits
associated with psychiatric and somatic morbidities.11,26,27 Sutin
et al.11 reported an association between impulsivity (as measured
using the NEO-PI-R five-factor model) and high IL-6 levels.
However, part of this association might be ascribed to smoking
habits and weight, factors that are known to mediate a
proinflammatory state.28 Additional markers of inflammation have
been associated with impulsivity: a population-based study
reported an association between impulsivity and chronic inflam-
matory activity as measured by higher white blood cell counts;29

and a recent genetic study reported an association between a
polymorphism of the CRP gene that is associated with higher
levels of CRP as well as extraversion and impulsivity as measured
using the KSP.30 CRP is an acute phase reactant produced by
hepatocytes under IL-6 control.31

IL-6 is a cytokine produced in the peripheral and central
nervous systems. It exerts pleiotropic effects and is induced by
infectious processes and stressful events.32,33 IL-6 is predominantly
regarded as a proinflammatory cytokine that acts during the acute
phase of the innate immune response, and it is pivotal in the
switch to acquired immunity after an immune challenge.34

However, IL-6 might (in certain settings) have antiinflammatory
and neuroregulatory properties.33

IL-6 has previously been associated with several types of
somatic morbidities such as cardiovascular disease, diabetes,
certain cancers and autoimmune diseases. Persistently high
peripheral levels of IL-6 have been associated with increased risks
for morbidity and mortality.35 Previous studies have frequently
reported that certain personality traits (predominantly more
impulsive traits) are associated with increased somatic
morbidities.11 In addition, low-grade increased inflammatory
activity, as reflected by increased CRP and IL-6, is a risk factor
for somatic disease.36 This finding might suggest a relationship
between certain personality traits and a dysregulated inflamma-
tory status. It is unclear whether previously reported associations
reflect a trait- or state-like condition. Inflammatory activity is part
of a complex interaction of multiple factors that are associated

with increased somatic morbidity, including lifestyle parameters
such as obesity and smoking, which are associated with more
impulsive traits.
Neuroticism is a known risk factor for depression.37 IL-6 levels

were not significantly associated with neuroticism in our cohort of
suicide attempters. Depression severity as measured using the
MADRS was not associated with IL-6 levels among suicide
attempters. Previous associations regarding neuroticism and
inflammation are contradictory. In a recent population-based
study, the association between IL-6 levels and neuroticism was
only prevalent among the patients who were the most socio-
economically deprived; it was not prevalent among those least
deprived.38 The results from these studies might not be directly
comparable because of their diverse designs, samples and the use
of different personality inventories. However, population-based
and clinical studies have reported associations between increased
inflammatory statuses and personality dimensions/traits such as
low conscientiousness and high measures of aggressiveness and
hostility.10,11,26,27,39

How might the association between IL-6 levels and impulsivity
be explained? The link between impulsive/aggressive traits and
central serotonergic dysfunction has been demonstrated via CSF
monoamine metabolite, postmortem and imaging studies.8,40–42

The serotonin metabolite, CSF 5-hydroxyindoleacetic acid, is
negatively correlated with CSF IL-6 levels in patients treated with
interpheron-alpha, indicating that the central nervous system
inflammatory response interacts with serotonin metabolism.43

Previous animal studies have shown that IL-6 administration might
influence serotonin metabolism in several brain regions.44

The differences in the results between plasma and CSF IL-6
levels might be because of the smaller number of patients in the
CSF group. Because of the smaller CSF sample size, we were only
able to detect large effects; thus, caution should be applied when
interpreting the negative findings of this study. In general,
cytokine variability should be considered when interpreting the
results regarding the lack of consistency between the plasma and
CSF correlations.45 Evidence exists of IL-6 permeability through the
blood–brain barrier;46 in our results, however, the IL-6 levels in
plasma and CSF were not correlated, which is consistent with a
previous CSF study on IL-6 levels in suicide attempters.12

Furthermore, the true difference between peripheral and central
IL-6 production might reflect different sources and mechanistic
properties.
Certain limitations should be noted. First, the sample size was

moderate and the cross-sectional design excludes the possibility
of determining causality. Possible additional confounds include
smoking and socioeconomic status, data that could not be
collected in a full and structured manner from the charts. Smoking
was previously reported as mediating portions of the assayed
peripheral IL-6 levels,11 and the lack of information of smoking is a
limitation. Furthermore, a long interval existed between the
biological sampling and when the assays were conducted. Time
might affect the stability of the cytokines given that the cytokines
have been known to significantly decay in long-term storage, as
one study previously reported.47 In this context, our assayed levels
should be interpreted cautiously. However, the storage time in our
cohort was not significantly correlated with IL-6 levels, and the

Table 3. Pearson’s r correlation between personality factors and plasma and CSF IL-6 levels (log)

Plasma IL-6 CSF IL-6 Neuroticism Psychoticism Extraversion Nonconformity

Neuroticism − 0.20 − 0.09 1 0.45** 0.01 0.08
Psychoticism − 0.05 − 0.04 0.45** 1 0.03 − 0.11
Extraversion 0.48** 0.25 0.01 0.03 1 0.18
Nonconformity 0.14 − 0.10 0.08 − 0.11 0.18 1

Abbreviations: CSF, cerebrospinal fluid; IL, interleukin. **Po0.0001.

Table 4. Personality traits as predictors for plasma interleukin-6 (IL-6)
in suicide attempters

t ratio P-value

Extraversion 4.38 0.0001
Psychoticism 0.23 0.82
Neuroticism −0.49 0.63
Nonconformity 0.73 0.47
Age 4.22 0.0001

R2= 0.46 (F ratio= 8.8, DF= 5, Po0.0001).
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plasma and CSF samples had never been thawed before the
cytokine analyses.
The strength of this study was its careful clinical assessment of

the suicide attempters, the paired measurements of IL-6 in plasma
and CSF, and the fact that the patients were drug-naive or
medication-free at the time of sampling.

We found a significant positive association between plasma IL-6
levels and impulsivity in a cohort of suicide attempters. If these
findings replicated, they suggest that high IL-6 levels might be
partially related to impulsive traits in suicide attempters. These
results might be useful as a link in endophenotypic studies on
impulsivity among suicidal participants and might prompt
additional mechanistic or genetic studies. Our study provides
additional support for the involvement of immune system activity
in brain function, psychiatric morbidity and neuroregulation.
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