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A role of inflammatory processes in the pathophysiology of depression is increasingly
recognized. Experimental endotoxemia offers an established model to induce transient
systemic inflammation in healthy humans, and has been proposed as an experimental
paradigm of depression. Indeed, different symptoms of depression can be observed
during experimental endotoxemia, including negative mood or dysthymia as key
symptoms of depression. Hopelessness and low self-esteem constitute common
cognitive symptoms in depression, but have not been specifically assessed during
endotoxemia. Thus, we pooled data from healthy volunteers who received low-dose
endotoxin (i.e., 0.4 or 0.8 ng/kg lipopolysaccharide, LPS) or placebo in three
randomized, controlled studies to investigate the effects of LPS on cognitive
schemata related to depression. Validated questionnaires were used to assess self-
esteem, hopelessness and the vulnerability factor intolerance of uncertainty after
intravenous injection of LPS or placebo. Plasma tumor necrosis factor (TNF)-a
and interleukin (IL)-6 were repeatedly assessed, along with self-reported mood.
Because not all questionnaires were available from primary studies, data were
analyzed in two separate data sets: In data set 1, self-esteemm and intolerance of
uncertainty were assessed in N = 87 healthy volunteers, who randomly received
either 0.4 or 0.8 ng/kg LPS or placebo. In data set 2, hopelessness was measured
in N = 59 volunteers who randomly received either LPS (0.8 ng/kg) or placebo.
In both data sets, LPS-application led to significant increases in TNF-a and
IL-6, reflecting systemic inflammation. Positive mood was significantly decreased in
response to LPS, in line with inflammation-induced mood impairment. General self-
esteem, intolerance of uncertainty and hopelessness did not differ between LPS-
and placebo groups, suggesting that these negative cognitive schemata are not
responsive to acute LPS-induced systemic inflammation. Interestingly, LPS-treated
volunteers reported significantly lower body-related self-esteem, which was associated
with increased TNF-a concentration. Thus, certain aspects of self-esteem related
to physical attractiveness and sportiness were reduced. It is conceivable that this
effect is primarily related to physical sickness symptoms and reduced physical
ability during experimental endotoxemia. With respect to cognitive symptoms
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of depression, it is conceivable that LPS affects cognitive processes, but not negative
cognitive schemata, which are rather based on learning and repeated experiences.

Keywords: systemic inflammation, lipopolysaccharide, cytokines, TNF-«, depression, mood, hopelessness, self-

esteem

INTRODUCTION

Major depression (MD) is a prevalent and severe psychiatric
disorder characterized by depressed mood, loss of interest
or pleasure, changes in weight, appetite, sleep and activity,
fatigue and suicidality (Kessler et al., 2005; American Psychiatric
Association, 2013; Hasin et al.,, 2018). Another key feature of
depression is neurocognitive symptoms. These not only include
changes in information processing, impaired concentration
and indecisiveness, but also negative cognitions related to
the self, the past, present and future, contributing to feelings
of worthlessness, hopelessness and excessive or inappropriate
guilt (Clark and Beck, 2010; American Psychiatric Association,
2013; Uher et al, 2014), and ultimately to depression onset
and maintenance (Evans et al, 2005; Disner et al., 2011).
The pathogenesis of MD remains incompletely understood,
which hampers the development of new therapeutic approaches
(DellaGioia and Hannestad, 2010).

A role of inflammatory processes in MD pathophysiology is
increasingly recognized (Capuron and Miller, 2004; DellaGioia
and Hannestad, 2010; Kiecolt-Glaser et al, 2015; Yirmiya
et al., 2015; Miller and Raison, 2016; Otte et al., 2016), offering
treatment perspectives for at least a subgroup of patients.
Anti-inflammatory treatment reportedly improves symptoms
in patients resistant to classical anti-depressant medication
(Tyring et al, 2006; Miller and Raison, 2016). Elevated
inflammatory markers, such as C-reactive protein (CRP)
and the pro-inflammatory cytokine interleukin (IL)-6 have
been demonstrated in a substantial proportion of MD
patients (Howren et al., 2009; DellaGioia and Hannestad,
2010; Dowlati et al., 2010). In depression-free individuals,
increased concentrations of inflammatory markers can
independently predict the incidence of depression over
a time period of 10 or more years (Gimeno et al, 2009;
Pasco et al., 2010; Raison and Miller, 2011). Finally, MD
is more prevalent in patients with chronic inflammation
(Patten et al., 2003; Graff et al., 2009; Matcham et al., 2013).
It remains however unclear if inflammatory processes are
related to all symptom domains of MD or may rather be
associated with only specific symptoms, calling for preclinical
research.

The experimental administration of low-dose endotoxin (e.g.,
lipopolysaccharide, LPS) constitutes an established translational
model to analyze the effects of systemic inflammation on mood,
cognition and behavior (Andreasen et al., 2008; Schedlowski
et al, 2014; Suffredini and Noveck, 2014; Lasselin et al,
2018). LPS is a cell-wall component of Gram-negative bacteria
that activates the innate immune system through a Toll-like
receptor 4-dependent pathway, ultimately leading to a systemic

increase in pro-inflammatory cytokines (Andreasen et al., 2008;
Schedlowski et al., 2014; Zouikr and Karshikoff, 2017). Via
vagal and humoral afferent pathways, these cytokines act on
the brain and induce changes in mood and behavior, which
are commonly referred to as sickness behavior (Dantzer and
Kelley, 2007; Schedlowski et al., 2014). Sickness behavior shows
striking similarities to several key symptoms of depression,
although sickness behavior symptoms are transient and typically
disappear when inflammation has resolved (Dantzer et al., 2008;
Raison and Miller, 2011). Low doses of endotoxin reliably induce
transient symptoms including negative mood (Reichenberg et al.,
2001; Wright et al., 2005; Eisenberger et al., 2009, 2010b;
Hannestad et al., 2011; Benson et al., 2017a; Engler et al,
2017), feelings of social isolation and disturbed psychosocial
functioning (Eisenberger et al., 2009, 2010b; Inagaki et al., 2015;
Moieni et al., 2015a,b), changes in motivation (Eisenberger
et al., 2010a; Lasselin et al., 2017) and fatigue (Benson et al,
2017b).

Whether  experimental  endotoxemia also  impacts
neurocognitive processes relevant to the characteristic negative
cognitive schemata of worthlessness, low self-esteem, guilt and
hopelessness in MD remains unclear. It has been proposed that
these symptoms may not change in response to LPS (DellaGioia
and Hannestad, 2010), however first findings (Eisenberger et al.,
2009) showed LPS-induced changes in the Profile of Mood States
(POMS) depression scale, a subscale which comprises items
related to worthlessness and hopelessness. Further, we recently
documented a negative cognitive bias, i.e., a prolonged and more
sustained processing of negative information during low-dose
endotoxemia (Benson et al., 2017a). This effect was only seen
when sad mood was experimentally induced during systemic
inflammation using a mood induction paradigm (Benson et al,,
2017a). Together, these findings support the notion that systemic
inflammation not only increases the susceptibility to negative
emotional stimuli, but also changes the cognitive processing
of negative information (Bollen et al., 2017). However, this is
indirect evidence, and no dedicated data exist thus far in the
experimental human endotoxemia literature to address negative
cognitive schemata. We herein aim to close this research
gap by exploring effects of LPS on self-esteem, hopelessness,
and intolerance of uncertainty. Intolerance of uncertainty
reflects the tendency to consider possible negative events as
frightening or burdening, and constitutes a vulnerability factor
for depression and anxiety disorders (McEvoy and Mahoney,
2011; Carleton et al, 2012; Boelen and Lenferink, 2018;
Lauriola et al., 2018). Symptoms were assessed with validated
questionnaires in a comparatively large cohort of healthy
volunteers who participated in double-blind, placebo-controlled
LPS studies.
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MATERIALS AND METHODS

Participants

Data from a total of N = 109 healthy volunteers (89 men,
20 women) who were randomized to receive either low-dose
LPS (0.4 or 0.8 ng/kg body weight) or saline (placebo) were
analyzed. All volunteers participated in one of three randomized,
double-blind endotoxemia studies (Wegner et al., 2015; Benson
et al, 2017a, unpublished data), and completed validated
questionnaires to analyze negative cognitive schemata related
to depression, along with changes in mood. For cross-over
studies (Wegner et al., 2015; Benson et al., 2017a), only data
from the first study day was included to avoid carry-over
effects (i.e., data from the second day were discarded for the
purposes of this analysis). Identical methods were used to
measure cytokine concentrations and mood, which allows the
pooling of data across studies. Questionnaire data on self-esteem
and intolerance of uncertainty were available from two studies
with a total of N = 87 participants (Wegner et al, 2015;
Benson et al., unpublished data), and were pooled for analysis
to data set 1. Hopelessness was measured in N = 59 volunteers
(Benson et al., 2017a unpublished data), and data were pooled
to data set 2. All studies were conducted in accordance
with the Declaration of Helsinki and were approved by the
Institutional Ethics Review Board of the Medical Faculty of
the University of Duisburg-Essen (permit numbers: 09-4271;
15-6234-BO; 15-6533-BO). All participants provided written
informed consent and received financial compensation for study
participation.

Recruitment and Safety Routine

For all primary studies, recruitment, inclusion and exclusion
criteria and safety routine were identical and have previously
been reported in detail (Wegner et al., 2015; Benson et al., 2017a).
Briefly, healthy volunteers aged 18-45 years were recruited via
public announcements and underwent an in-depth screening
procedure consisting of a structured telephone interview, a
physical examination and personal interview conducted by a
physician, and repeated laboratory assessments (blood cell count,
liver enzymes, renal parameters, electrolytes, coagulation factors
and CRP). General exclusion criteria were any pre-existing
or current physical or psychiatric illness, pregnancy, body
mass index (BMI) <18 or >29 kg/mz, current medications,
smoking or regular alcohol use (>4 drinks per week). Female
participants were only included when taking oral contraceptives
to prevent confounding effects of menstrual cycle phase.
Pregnancy was ruled out with a urinary pregnancy test on
the study day. A diagnosis of depression or clinically-relevant
depression symptoms exceeding published cut-off scores of
the Beck Depression Inventory (BDI; Hautzinger et al., 1995)
were exclusionary for ethical reasons, and also to avoid
confounding effects on primary outcome variables, i.e., cognitive
symptoms of depression. Participants were told to refrain
from strenuous exercise 48 h prior to study days. Safety
measures included monitoring for at least 6 h and follow-up
examinations 24 h and 7 days after the injection of LPS or
placebo.

Study Protocol

Data set 1 consisted of N = 87 healthy male and female volunteers
who were randomized to receive either 0.4 ng/kg (N = 29) or
0.8 (N = 20) ng/kg body weight LPS or placebo (N = 38).
Data set 1 includes data from N = 20 female volunteers who
received either 0.4 ng/kg body weight LPS (n = 10) or placebo
(n=10). Data set 2 comprised data from N = 59 healthy men who
received either 0.8 ng/kg body weight LPS (N = 25) or placebo
(N = 34). LPS (reference standard endotoxin from Escherichia
coli, serotype O113:H10:K-negative, lot HOK354, United States
Pharmacopeia, Rockville, MD, USA; LPS conditions) or saline
(placebo condition) was injected via an intravenous catheter
placed in an antecubital forearm vein. Blood samples for cytokine
analyses were collected before (baseline, BL) as well as 1, 2, 3,
and 6 h after injection of LPS or placebo. Body temperature (with
an intra-aural thermometer), blood pressure, and heart rate were
assessed after blood sampling. Changes in self-reported mood
(positive vs. negative) were assessed with the respective subscale
of the standardized and validated German multidimensional
mood questionnaire (MDBF; Steyer et al., 1997) before (BL) as
well as 3 and 6 h after injection of LPS or placebo. Cognitive
symptoms of depression were assessed with three validated
questionnaires (see below) 3 h post injection. This time point was
chosen for two reasons: First, increased plasma concentrations
of tumor necrosis factor (TNF)-a and IL-6 were consistently
observed 2-4 h post injection in previous studies, indicating
systemic immune activation (Wegner et al., 2014; Benson et al,,
2017b). More importantly, we found a significant rise in IL-6 in
the cerebrospinal fluid 3 h post-injection (Engler et al., 2017),
reflecting a CNS response to peripheral inflammation.

Cognitive Symptoms of Depression
Self-Esteem/Self-Worth (Data Set 1)

Self-esteem was assessed with the Multidimensional Self-Worth
Scale (MSWS; Schiitz et al., 2006), a German adaption of the
Multidimensional Self-Concept Scale (MSCS; Fleming and
Courtney, 1984). The MSWS contains 32 seven-point Likert-
scaled items. The MSWS consists of six subscales, which can
be combined to a “general self-esteem” (AWS) scale and a
“body-related self-esteem” (KSW) scale. General self-esteem
comprises aspects of “emotional,” “social,” “conflict-related,”
and “performance-related self-esteem,” and body-related
self-esteem refers to “self-regarded physical attractiveness” and
“self-regarded sportiness.” The reliability for the “general self-
esteem” (AWS) scale (Cronbach’s o = 0.92) and “body-related
self-esteem” (KSW) scale (Cronbach’s a = 0.85) can be consider
as good based on internal reliability (Cronbach’s o, Schiitz et al,,
2006).

Intolerance of Uncertainty (Data Set 1)

Intolerance of uncertainty reflects the tendency to consider
possible negative events as frightening or burdening, and
constitutes a vulnerability factor for depression and anxiety
disorders (McEvoy and Mahoney, 2011; Carleton et al., 2012;
Boelen and Lenferink, 2018; Lauriola et al., 2018). Intolerance
of uncertainty was assessed with the validated German
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UI-18 (“Unsicherheitsinteroleranz-Skala,” Gerlach et al., 2008)
questionnaire, an adaption of the Intolerance of Uncertainty
Scale (Freeston et al., 1994). The UI-18 contains 18 items which
are answered on a 5-point-Likert-scale, and can be combined
to the three subscales “reduced ability to act due to intolerance
of uncertainty,” “burden due to intolerance of uncertainty” and
“vigilance due to intolerance of uncertainty” (Gerlach et al,
2008). All scales assess how people react on uncertainties of
life. The scales “burden” and “vigilance” were shown to reliably
predict worrying (Gerlach et al., 2008). Reliability for subscales
(Cronbach’s o > 0.80), and the overall internal reliability
(Cronbach’s a = 0.90) can be considered as good (Gerlach et al,,
2008).

Hopelessness (Data Set 2)

Hopelessness was measured with the revised version of the
validated German Hopelessness-scales (H-R-scale; Skalen zur
Erfassung von Hoffnungslosigkeit; Krampen, 2004). The H-R-
scale was theoretically based on Becks$ cognitive theory of
depression (Beck et al., 1979). The scale assesses the tendency
to evaluate the future in negative terms, and therefore reflects a
pessimistic cognitive style. The H-R-scale contains 20 six-point
Likert-scaled items. Sufficient to good internal consistency has
been reported (Cronbachs o = 0.74—a = 0.92) for different
reference samples).

Plasma Cytokine Concentrations,

Leukocyte Counts and C-Reactive Protein
Blood for cytokine analyses was collected in EDTA-treated
tubes (S-Monovette, Sarstedt, Niimbrecht, Germany). Plasma
was immediately separated by centrifugation (2,000 g, 10 min,
4°C) and stored at —80°C until analysis. Plasma TNF-a
and IL-6 concentrations were measured using enzyme-linked
immunosorbent assays (ELISA; Human Quantikine ELISA,
R&D Systems, Minneapolis, MN, USA) according to the
manufacturer’s protocols. The sensitivity of the assays was
0.11 pg/ml for TNF-a and 0.70 pg/ml for IL-6. Mean inter-
and intra-assay coefficients of variation were <10%. In data
set 1, one TNF-a and three IL-6 samples were below the
respective detection limits, as well as in data set 2 two TNF-a
samples and one IL-6 sample. White blood cell (WBC) counts
were determined using an automated cell counter (Sysmex KX-
21N, Norderstedt, Germany). CRP concentration was measured
before and 24 h post-injection with a polyethylene glycol (PEG)-
enhanced immunoturbidimetric assay (sensitivity 0.5 mg/dl) by
the Division of Laboratory Research of the University Hospital
Essen (Germany).

Statistical Analyses

Data analysis was performed using SPSS 22.0 (SPSS Inc., Chicago,
IL, USA) and the level of significance was set at o < 0.05.
Normal distribution was tested using Kolmogorov-Smirnov-
test, and non-normally distributed variables (i.e., plasma
cytokines) were log-transformed before analysis. Data are
shown as mean =+ standard error of the mean (SEM). BL
sociodemographic and psychological parameters of LPS and
placebo groups were compared with univariate analysis of

variance (ANOVA; data set 1) or unpaired ¢-tests (data set 2).
LPS effects on plasma cytokines, body temperature and mood
were analyzed in both data sets with repeated measures ANOVA
(rm-ANOVA) with endotoxin condition as group (LPS vs.
placebo) and time as within-subject factor. Greenhouse-Geisser
correction was applied where appropriate. Bonferroni-corrected
post hoc unpaired t-tests (two-tailed) were computed in case
of significant rm-ANOVA interaction effects. To assess group
differences in cognitive symptoms of depression (i.e., self-
esteem, intolerance of uncertainty, hopelessness) analyses of
covariance (ANCOVA) were computed. To exclude that effects
were confounded by inter-individual differences in BL depressive
symptoms, BL BDI scores were entered as a covariate in
these analyses. As an indicator of effect sizes, partial Eta?
(;1%) was computed for ANOVA/ANCOVA. Partial Eta? allows
to estimate effect sizes within the relevant population as it
indicates the percent of variance of measures (e.g., self-esteem
scores), which is explained by a respective factor (e.g., LPS
vs. placebo; Fields, 2013). Correlations were computed as
Pearson’s r.

RESULTS

Sample Characteristics

Data set 1 comprised N = 87 healthy volunteers (20 women)
with a mean age of 26.9 £ 0.1 years and a mean BMI of
23.6 + 0.3 kg/m®. Data set 2 consisted of N = 59 healthy
men with a mean age of 26.5 £ 0.6 years and mean BMI
of 24.1 + 0.3 kg/m?. No differences in age, BMI or BL
BDI scores were observed between LPS- and placebo groups
(Table 1).

Plasma Cytokines and Body Temperature
In both data sets, LPS administration expectedly led to transient
increases in plasma cytokine and CRP concentrations, leukocyte
counts and body temperature (see Figure 1 for data set 1 and
Figure 2 for data set 2). Specifically, LPS application induced
a significant increase in plasma concentrations of TNF-a (data
set I: F = 294, p < 0.001, 77[2) = 0.41; data set 2: F = 60.0,
p < 0.001, ;1; = 0.62) and IL-6 (data set 1: F = 47.7, p < 0.001,
ny = 0.54; data set 2: F = 805, p < 0.001, n; = 0.59),
along with a significant rise in circulating leukocyte numbers
(data set 1: F = 29.4, p < 0.001, nﬁ = 0.42; data set 2:
F =445, p < 0.001, 7713 = 0.44), body temperature (data set
I: F = 141, p < 0001, n; = 025 data set 2: F = 10.9,
p < 0.001, ;1}2) = 0.16), and CRP concentrations (data set I:
F = 1221, p < 0.001, 771% = 0.75; data set 2. F = 121.8,
p < 0.001, 17[2) = 0.69; all ANOVA interaction effects). Post hoc
Bonferroni-tests revealed significant differences between LPS
groups and placebo groups in both data sets, but not between
0.4 and 0.8 ng/kg LPS groups (for results of post hoc tests,
see Figures 1, 2).

LPS Effects on Mood

LPS administration led to a transient decline in positive
mood in response to LPS (data set I: F = 8.4, p < 0.001,
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FIGURE 1 | Data set 1: plasma concentrations of tumor-necrosis-factor (TNF)-a (A) and Interleukin (IL)-6 (B) leukocyte counts (C) and body temperature (D) were
measured before (baseline, BL), and 1, 2, 3 and 6 h after injection of either 0.8 ng/kg body weight lipopolysaccharide (LPS; black dots), 0.4 ng/kg body weight LPS
(gray dots), or saline (placebo group; white dots). Mood (E) was assessed with the respective subscale of the German Multi-Dimensional Mood (MDBF) questionnaire
at BL, as well as 3 and 6 h after injection. C-reactive protein (CRP) (F) was measured at BL and 24 h post injection. *#p < 0.001, #p < 0.01, *p < 0.05 0.8 ng/kg

LPS group vs. placebo group. ***p < 0.001, 0.4 ng/kg LPS group vs. placebo group. For results of repeated measures analysis of variance (ANOVA), see text.

ny = 0.16; data set 2: F = 10.7, p < 0.001, 75 = 0.15;
ANOVA interaction effects). Post hoc Bonferroni tests supported
that mood was significantly impaired in the LPS groups
when compared to the placebo groups in both data sets.
No differences were found between 0.4 and 0.8 ng/kg LPS
groups in data set 1 (for results of post hoc tests, see
Figures 1, 2).

LPS Effects on Cognitive Symptoms

of Depression

Self-Esteem (Data Set 1)

General (Figure 3A) and body-related (Figure 3B) self-esteem

were assessed with the validated MSWS questionnaire.
Participants who received LPS reported a significantly lower
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FIGURE 2 | Data set 2: plasma concentrations of TNF-a (A) and IL-6 (B), leukocyte counts (C) and body temperature (D) were measured before (BL), and 1, 2, 3
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#p < 0.001, #p < 0.01, 0.8 ng/kg LPS group vs. placebo group. For results of repeated measures ANOVA, see text.

body-related self-esteem (F = 3.57, p = 0.03, ;75 = 0.08). Post
hoc testing revealed that the higher LPS group (0.8 ng/kg)
displayed significantly lower scores for body-related self-esteem
compared to the placebo group (p = 0.03), while the lower
dose LPS group (0.4 ng/kg) differed neither from the placebo
(p = 0.60) nor from the 0.8 ng/kg LPS dose group (p = 0.49).

LPS and placebo groups did not differ in general self-esteem
(F = 055, p = 0.57, ;7123 = 0.01). Exploratory correlation
analysis within LPS-treated volunteers revealed a significant
association between higher TNF-a concentrations 3 h post
injection and lower body-related self-esteem (MSWS-scores;
r = —0.31, p < 0.05, Figure 3C). No further significant
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FIGURE 3 | General self-esteem (A) and body-related self-esteem (B) were
assessed with the validated German Multidimensional Self-Worth Scale
(MSWS) questionnaire (see text for details) 3 h after injection of either 0.8 or
0.4 ng/kg body weight LPS, or saline (placebo group). Exploratory correlation
analysis within the LPS group (C) indicated a significant association between
body-related self-esteem and TNF-a plasma concentration 3 h after injection
(r=-0.31, p < 0.05; for details, see text). *p < 0.05, result of
Bonferroni-corrected post hoc t-test. For results of ANOVA, see text.

association between body-related self-esteem and inflammatory
parameters including IL-6 (r = —0.23, p = 0.13), CRP (r = —0.22,

p = 0.14), and body temperature (r = —0.27, p = 0.064) were
observed.

Intolerance of Uncertainty (Data Set 1)

Intolerance of uncertainty was assessed with the validated UI-18
questionnaire (Table 2). No significant group differences were
observed for the three subscales “reduced ability to act” (F = 1.45,
p =023, ;7; =0.03), “burden” (F = 1.01, p = 0.36, nf, =0.02), or
“vigilance” (F = 0.22, p = 0.79, 7 = 0.01).

Hopelessness (Data Set 2)

Hopelessness was assessed with the validated H-R-scale.
Although LPS-treated participants showed slightly higher
hopelessness scores (47.2 & 1.4) compared to the placebo group
(46.1 £ 1.8), no significant difference was found (F = 0.57,
p =045, 7, =0.01).

DISCUSSION

Inflammatory processes are increasingly recognized in the
pathophysiology of MD (Capuron and Miller, 2004; Schiepers
et al., 2005; Raison et al, 2006; Kiecolt-Glaser et al., 2015;
Yirmiya et al, 2015; Miller and Raison, 2016; Otte et al.,
2016). This is supported by experimental and clinical data
suggesting that systemic inflammation contributes to an
increased risk of depression (Haroon et al, 2012; Kiecolt-
Glaser et al., 2015; Miller and Raison, 2016; Otte et al., 2016).
Furthermore, it has been demonstrated that the experimental
induction of systemic inflaimmation in healthy volunteers,
e.g., by injecting low-doses of endotoxin, transiently induces
dysthymia, anhedonia and fatigue, i.e., symptoms which closely
resemble core symptoms of MD (DellaGioia and Hannestad,
2010; Schedlowski et al., 2014). However, whether experimental
endotoxemia also impacts neurocognitive processes relevant to
the characteristic negative cognitions related to worthlessness,
low self-esteem and hopelessness in MD remains unclear. Thus,
we herein pooled data from randomized, double-blind, placebo-
controlled endotoxin studies in order to assess endotoxin
effects on self-esteem, hopelessness and the vulnerability
factor intolerance of uncertainty. We observed the expected
transient increases in circulating pro-inflammatory cytokines
and body temperature, indicating systemic inflammation in
response to low-dose LPS. Self-reported positive mood showed
a transient decline after LPS application, which is in line
with the well-established effects of LPS-induced systemic
inflammation on mood (Reichenberg et al., 2001; Wright
et al., 2005; Eisenberger et al., 2009; Hannestad et al., 2011;
Benson et al., 2017a,b; Engler et al., 2017), and with previous
reports documenting an association between dysthymia and
LPS-induced increases in cytokine concentrations in plasma
(Reichenberg et al., 2001; Eisenberger et al, 2010b) and
cerebrospinal fluid (Engler et al., 2017).

Despite the clear and significant LPS-effect on mood, we did
not find evidence that LPS induces low self-esteem, hopelessness,
or an increased intolerance of uncertainty, i.e., negative
thoughts which are common in MD. Interestingly, we observed
that body-related self-esteem was slightly, but significantly
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TABLE 1 | Sociodemographic and psychological characteristics for data set 1 (upper part) and data set 2 (lower part).

Data set 1 Placebo 0.4 ng/kg LPS 0.8 ng/kg LPS Test statistic P
(N =38) (N = 29) (N = 20)

Age (years) 26.71 £1.33 27.24 £1.40 26.80 £ 1.07 F=0.16 0.89

Body mass index (kg/m?) 23.92 +£0.70 23.08 +£0.72 23.52 + 0.57 F=0.89 0.41

Sex (N) m=28,f=10 m=19,f=10 m=20,f=0 / /

BDI score 3.18 £0.87 2.93 + 0.91 2.90 +£0.70 F=0.07 0.92

Data set 2 Placebo 0.8 ng/kg LPS Test statistic P
(N =34) (N = 25)

Age (years) 26.02 £+ 0.96 2712+ 0.77 t=-0.83 0.40

Body mass index (kg/m?) 24.32 £0.38 23.67 + 0.47 t=1.07 0.28

BDI score 3.11+0.53 2.64 +0.62 t=0.58 0.56

BDI, Beck Depression Inventory. All data are shown as mean + SEM unless otherwise indicated. m = male, f = female. P = P-value for results of univariate ANOVA (data

set 1) or independent samples t-tests (data set 2).

TABLE 2 | Intolerance of uncertainty (data set 1).

UI-18 subscales Placebo 0.4 ng/kg LPS 0.8 ng/kg LPS F P
(N = 36) (N = 28) (N = 20)

Reduced ability to act 10.55 £ 0.94 11.14 £ 0.99 12.00 +0.83 1.45 0.23

Burden 13.33+1.16 13.00 +1.22 11.55 +1.02 1.01 0.36

Vigilance 14.38 +£1.20 14.00 + 1.26 13.45 + 1.06 0.22 0.79

Intolerance of uncertainty was assessed in data set 1 using the validated Ul-18 questionnaire (Gerlach et al., 2008). Data from two participants of the placebo group and
one participant from the 0.4 ng/kg LPS group are missing. All data are shown as mean + SEM. P = P-value for results of univariate ANCOVA group effect accounting for

baseline BDI scores.

lower in participants who received LPS when compared to
the placebo group. This finding suggests that LPS-induced
systemic inflammation may transiently impair certain aspects
of self-esteem which are related to physical appearance,
attractiveness and sportiness rather than affecting self-esteem in
general. In detail, the respective subscale comprises items such
as “how often did you feel that other people are more athletically
than you?,” or “how confident are you that other people think
you are attractive?” One likely explanation for the reported
reduction in body-related self-esteem is that pro-inflammatory
mediators released in response to LPS reportedly induce physical
sickness symptoms such as fatigue and pain (Lekander et al.,
2016; Benson et al., 2017b). Such symptoms conceivably impact
self-perceived physical abilities, and hence the subscale of
the questionnaire employed herein. Supporting this notion,
we found that lower self-esteem ratings were associated with
higher TNF-a concentration. Further, body-related self-esteem
was significantly lowered in response to the higher LPS dose
only, which mirrors the dose-dependent effects for cytokine
concentrations and physical sickness symptoms (Wegner et al.,
2014; Benson et al., 2017b). This could also indicate that only
higher doses of LPS (and correspondingly higher cytokine
concentrations) are capable to induce changes in body-related
self-esteem. Moreover, LPS-induced systemic inflammation
reportedly affects physical abilities such as walking speed
(Sundelin et al., 2015), and even body odor (Olsson et al., 2014),
alterations which can be detected by other persons (Regenbogen
et al, 2017; Axelsson et al., 2018). Thus, lower ratings of
body-related self-esteem may also be related to discrete, but
perceivable changes in ones own (outer) appearance during
endotoxemia.

Taken together, our data suggest that although experimental
endotoxemia effectively induces mood impairments, it does
not alter self-referred negative cognitive schemata related to
self-worth and hopelessness. Our finding of lower body-related
self-esteem during systemic inflammation should be carefully
interpreted in the light of its small effect size, which
indicates that only a small proportion of the variance in
body-related self-esteem was explained by the LPS application.
This supports that additional factors including endotoxin-
effects on physical sickness symptoms and physical abilities
could have contributed to reduced body-related self-esteem.
Moreover, it is also conceivable that the transient changes
in body-related self-esteem are rather an adaptive and not
a maladaptive response to an acute inflaimmatory event.
Lowered body-related self-esteem may encourage reduced
physical activity, and may thus contribute to saving energy
resources which are needed during an immune activation
(Straub, 2017).

Nevertheless, comprehensive evidence from independent
studies and groups supports that the LPS model is well-suited
to transiently induce other specific features of MD, which
are related to mood impairments, social functioning, reward
processing, reduced appetite, fatigue, increased pain sensitivity
and unspecific physical symptoms (Schedlowski et al., 2014;
Kiecolt-Glaser et al., 2015; Miller and Raison, 2016; Lasselin
et al, 2018). With respect to cognitive symptoms of MD, it
seems most likely that LPS affects cognitive processes such as
the processing of emotional stimuli (Benson et al., 2017a), but
not negative cognitive schemata, which are rather based on
learning and repeated experiences (Beck et al,, 1979; Bollen
et al,, 2017). This raises the question if self-referent negative
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cognitive schemata could be less responsive to inflammatory
processes or pro-inflammatory mediators in general, i.e., if our
finding might also apply for patients with MD. It is however
also conceivable that negative cognitive schemata, while not
responsive to a single and transient immune challenge, could
be induced or worsened by repeated inflammatory events or
chronic inflammation. Moreover, it is also possible that it is the
interaction between inflammation and pre-existing vulnerability
or situational factors such as psychological stressors, which
ultimately affect cognitive schemata in persons at risk.

Our findings should be interpreted in the light of some
limitations. Questionnaire data were not available from all
primary studies, making it necessary to conduct the analyses
in two separate data sets. Moreover, we did not measure
cognitive symptoms at BL, making it impossible to control
for intra-individual changes in response to LPS-administration.
However, cognitive symptoms were assessed in all primary
studies at similar time points in LPS- and placebo- groups under
strictly standardized conditions. Thus, it seems unlikely that
our findings are related to unsystematic differences between
study groups. In addition, we can exclude anchor effects,
i.e., biased responses due to a recall of BL ratings. We could
herein assess only a limited number of inflammatory parameters.
Recent research revealed that various peripheral and central
cytokines, chemokines, and other molecules are involved in
changes of cognitive functioning, including IL-4, Interferon-
gamma, CCL-11 and B2-microglobulin (Villeda et al., 2011;
Gadani et al., 2012; Smith et al., 2015; Monteiro et al., 2016).
Future studies should take these parameters into account when
addressing immune-related effects on cognitive functioning.
Further, the LPS model allows to induce only a transient
immune activation and we could include only young and healthy
volunteers with BDI depression scores within a normal range. We
therefore cannot conclude about possible associations between
inflammatory parameters and self-esteem in individuals with a
chronic immune activation and/or pre-existing mood symptoms,
e.g., in clinically depressed patients. Thus, one important target
for future research would be to assess the effects of immune
parameters on negative cognitive schemata in persons at risk
for psychiatric symptoms, or in elderly people, who are more
prone to chronic inflammation (Zouikr and Karshikoff, 2017).
Along the same lines, herein only a small number of female
participants could be included in only one data set, which did
not allow taking possible sex differences into account. Since only
women using different types of hormonal contraceptives were

REFERENCES
Andreasen, A. S, Krabbe, K. S, Krogh-Madsen, R., Taudorf, S,
Pedersen, B. K., and Moller, K. (2008). Human endotoxemia as a

model of systemic inflammation. Curr. Med. Chem. 15, 1697-1705.
doi: 10.2174/092986708784872393

American Psychiatric Association. (2013). Diagnostic and Statistical Manual of
Mental Disorders (DSM-5®). Arlington, VA: American Psychiatric Publisher.

Axelsson, J., Sundelin, T., Olsson, M. J., Sorjonen, K., Axelsson, C., Lasselin, J.,
et al. (2018). Identification of acutely sick people and facial cues of sickness.
Proc. Biol. Sci. 285:20172430. doi: 10.1098/rspb.2017.2430

Beck, A. T., Rush, A. J., Shaw, B. F., and Emery, G. (1979). Cognitive Therapy of
Depression. New York, NY: Guilford Press.

included, it remains open if the results were confounded by
different hormonal dosages, and can be translated to free-cycling
women. Addressing sex differences and effects of hormonal
status would be important given that women showed not only
more pronounced responses to immune challenges (Klein, 2012),
including LPS (Engler et al., 2016; Lasselin et al., 2018), but also
greater LPS-induced changes in depressive symptoms (Moieni
et al,, 2015b), and a higher prevalence of MD (Hyde et al,
2008).

DATA AVAILABILITY

The raw data supporting the conclusions of this manuscript will
be made available by the authors, without undue reservation, to
any qualified researcher.

AUTHOR CONTRIBUTIONS

SE, HE, MS and SB contributed to the conception and design of
the study. TR, AW and AB collected data. SK and TR organized
the database. SK and AB performed the statistical analysis and
wrote the first draft of the manuscript. All authors contributed to
manuscript revision, read and approved the submitted version.
All authors agreed to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any
part of the work are appropriately investigated and resolved.

FUNDING

The study was funded by the German Research Foundation
(Deutsche Forschungsgemeinschaft (DFG) to SB: BE 5173/2-
1 and BE 5173/3-1; to SE: EL 236/11-1; to HE and SE: SFB
1280, project A12). AB and AW received IFORES stipends for
clinicians of the Medical Faculty, University Duisburg Essen.

ACKNOWLEDGMENTS

We would like to express our gratitude to Alexandra Kornowski
and Magdalene Vogelsang for excellent technical support
to Elisa Engelbrecht, Larissa Lueg, Daniel Pastoors, Laura
Rebernik, Annette Sieberichs and Eva Stemmler for data
collection, and to Ingo Spreitzer, Bettina Loschner and
the staff of Section 1/3 “Microbial safety” of the Paul-
Ehrlich-Institute (Langen, Germany) for endotoxin and sterility
testing.

Benson, S., Brinkhoff, A., Lueg, L., Roderigo, T., Kribben, A., Wilde, B., et al.
(2017a). Effects of acute systemic inflammation on the interplay between sad
mood and affective cognition. Transl. Psychiatry 7:1281. doi: 10.1038/s41398-
017-0043-0

Benson, S., Engler, H., Wegner, A., Rebernik, L., Spreitzer, L., Schedlowski, M.,
et al. (2017b). What makes you feel sick after inflammation? Predictors of
acute and persisting physical sickness symptoms induced by experimental
endotoxemia. Clin. Pharmacol. Ther. 102, 141-151. doi: 10.1002/cpt.618

Boelen, P. A., and Lenferink, L. I. (2018). Latent class analysis of indicators of
intolerance of uncertainty. Scand. J. Psychol. 59, 243-251. doi: 10.1111/sjop.
12440

Bollen, J., Trick, L., Llewellyn, D., and Dickens, C. (2017). The effects of acute
inflammation on cognitive functioning and emotional processing in humans:

Frontiers in Behavioral Neuroscience | www.frontiersin.org

August 2018 | Volume 12 | Article 183


https://doi.org/10.2174/092986708784872393
https://doi.org/10.1098/rspb.2017.2430
https://doi.org/10.1038/s41398-017-0043-0
https://doi.org/10.1038/s41398-017-0043-0
https://doi.org/10.1002/cpt.618
https://doi.org/10.1111/sjop.12440
https://doi.org/10.1111/sjop.12440
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

Kotulla et al.

Systemic Inflammation and Body-Related Self-Esteem

a systematic review of experimental studies. J. Psychosom. Res. 94, 47-55.
doi: 10.1016/j.jpsychores.2017.01.002

Capuron, L., and Miller, A. H. (2004). Cytokines and psychopathology: lessons
from interferon-a. Biol. Psychiatry 56, 819-824. doi: 10.1016/j.biopsych.2004.
02.009

Carleton, R. N., Mulvogue, M. K., Thibodeau, M. A., McCabe, R. E,
Antony, M. M., and Asmundson, G. J. (2012). Increasingly certain about
uncertainty: intolerance of uncertainty across anxiety and depression. J. Anxiety
Disord. 26, 468-479. doi: 10.1016/j.janxdis.2012.01.011

Clark, D. A., and Beck, A. T. (2010). Cognitive theory and therapy of anxiety and
depression: convergence with neurobiological findings. Trends Cogn. Sci. 14,
418-424. doi: 10.1016/j.tics.2010.06.007

Dantzer, R., and Kelley, K. W. (2007). Twenty years of research on cytokine-
induced sickness behavior. Brain Behav. Immun. 21, 153-160. doi: 10.1016/j.
bbi.2006.09.006

Dantzer, R., O’Connor, J. C., Freund, G. G., Johnson, R. W, and Kelley, K. W.
(2008). From inflammation to sickness and depression: when the immune
system subjugates the brain. Nat. Rev. Neurosci. 9, 46-56. doi: 10.1038/
nrn2297

DellaGioia, N., and Hannestad, J. (2010). A critical review of human endotoxin
administration as an experimental paradigm of depression. Neurosci. Biobehav.
Rev. 34, 130-143. doi: 10.1016/j.neubiorev.2009.07.014

Disner, S. G., Beevers, C. G., Haigh, E. A, and Beck, A. T. (2011). Neural
mechanisms of the cognitive model of depression. Nat. Rev. Neurosci. 12,
467-477. doi: 10.1038/nrn3027

Dowlati, Y., Herrmann, N., Swardfager, W., Liu, H., Sham, L., Reim, E. K,, et al.
(2010). A meta-analysis of cytokines in major depression. Biol. Psychiatry 67,
446-457. doi: 10.1016/j.biopsych.2009.09.033

Eisenberger, N. L, Berkman, E. T., Inagaki, T. K., Rameson, L. T., Mashal, N. M.,
and Irwin, M. R. (2010a). Inflammation-induced anhedonia: endotoxin
reduces ventral striatum responses to reward. Biol. Psychiatry 68, 748-754.
doi: 10.1016/j.biopsych.2010.06.010

Eisenberger, N. L, Inagaki, T. K., Mashal, N. M., and Irwin, M. R. (2010b).
Inflammation and social experience: an inflammatory challenge induces
feelings of social disconnection in addition to depressed mood. Brain Behav.
Immun. 24, 558-563. doi: 10.1016/j.bbi.2009.12.009

Eisenberger, N. I, Inagaki, T. K., Rameson, L. T., Mashal, N. M., and Irwin, M. R.
(2009). An fMRI study of cytokine-induced depressed mood and social pain:
the role of sex differences. Neuroimage 47, 881-890. doi: 10.1016/j.neuroimage.
2009.04.040

Engler, H., Benson, S., Wegner, A., Spreitzer, I, Schedlowski, M., and
Elsenbruch, S. (2016). Men and women differ in inflammatory and
neuroendocrine responses to endotoxin but not in the severity of sickness
symptoms. Brain Behav. Immun. 52, 18-26. doi: 10.1016/j.bbi.2015.
08.013

Engler, H., Brendt, P., Wischermann, J., Wegner, A., Rohling, R., Schoemberg, T,
et al. (2017). Selective increase of cerebrospinal fluid IL-6 during experimental
systemic inflammation in humans: association with depressive symptoms. Mol.
Psychiatry 22, 1448-1454. doi: 10.1038/mp.2016.264

Evans, J., Heron, J., Lewis, G., Araya, R, Wolke, D., and ALSPAC study
team. (2005). Negatove self-schemas and the inset of depression in women:
longitudinal study. Br. J. Psychiatry 186, 302-307. doi: 10.1192/bjp.186.4.302

Fields, A. (2013). Discovering Statistics Using IBM SPSS Statistics. Los Angeles, CA:
Sage Publishers.

Fleming, J. S., and Courtney, B. E. (1984). The dimensionality of self-esteem: II.
Hierarchical facet model for revised measurement scales. J. Pers. Soc. Psychol.
46, 404-421. doi: 10.1037/0022-3514.46.2.404

Freeston, M. H., Rhéaume, J., Letarte, H., Dugas, M. J., and Ladouceur, R. (1994).
Why do people worry? Pers. Individ. Dif. 17, 791-802. doi: 10.1016/0191-
8869(94)90048-5

Gadani, S. P., Cronk, J. C., Norris, G. T., and Kipnis, J. (2012). IL-4 in the brain:
a cytokine to remember. J. Immunol. 189, 4213-4219. doi: 10.4049/jimmunol.
1202246

Gerlach, A. L., Andor, T., and Patzelt, J. (2008).
von unsicherheitsintoleranz ~ fiir ~ die  generalisierte  angststorung
modelliiberlegungen und entwicklung einer deutschen version der
unsicherheitsintoleranz-skala. Z. Klin. Psychol. Psychother. 37, 190-199.
doi: 10.1026/1616-3443.37.3.190

Die bedeutung

Gimeno, D., Kiviméki, M., Brunner, E. J., Elovainio, M., De Vogli, R., Steptoe, A.,
etal. (2009). Associations of C-reactive protein and interleukin-6 with cognitive
symptoms of depression: 12-year follow-up of the Whitehall II study. Psychol.
Med. 39, 413-423. doi: 10.1017/S0033291708003723

Graff, L. A., Walker, J. R., and Bernstein, C. N. (2009). Depression and anxiety
in inflammatory bowel disease: a review of comorbidity and management.
Inflamm. Bowel Dis. 15, 1105-1118. doi: 10.1002/ibd.20873

Hannestad, J., DellaGioia, N., Ortiz, N., Pittman, B., and Bhagwagar, Z. (2011).
Citalopram reduces endotoxin-induced fatigue. Brain Behav. Immun. 25,
256-259. doi: 10.1016/j.bbi.2010.10.013

Haroon, E., Raison, C. L., and Miller, A. H. (2012). Psychoneuroimmunology
meets neuropsychopharmacology: translational implications of the impact
of inflammation on behavior. Neuropsychopharmacology 37, 137-162.
doi: 10.1038/npp.2011.205

Hasin, D. S., Sarvet, A. L., Meyers, J. L., Saha, T. D., Ruan, W. J., Stohl, M.,
et al. (2018). Epidemiology of adult DSM-5 major depressive disorder
and its specifiers in the united states. JAMA Psychiatry 75, 336-346.
doi: 10.1001/jamapsychiatry.2017.4602

Hautzinger, M., Bailer, M., Worall, H., and Keller, F. (1995). Beck Depressions
Inventar (BDI). Bearbeitung der Deutschen Ausgabe. Testhandbuch. Bern:
Huber.

Howren, M. B., Lamkin, D. M., and Suls, J. (2009). Associations of depression
with C-reactive protein, IL-1, and IL-6: a meta-analysis. Psychosom. Med. 71,
171-186. doi: 10.1097/PSY.0b013e3181907c1b

Hyde, J. S., Mezulis, A. H., and Abramson, L. Y. (2008). The ABCs of
depression: integrating affective, biological, and cognitive models to explain the
emergence of the gender difference in depression. Psychol. Rev. 115, 291-313.
doi: 10.1037/0033-295x.115.2.291

Inagaki, T. K., Muscatell, K. A., Irwin, M. R,, Moieni, M., Dutcher, J. M,,
Jevtic, L, et al. (2015). The role of the ventral striatum in inflammatory-
induced approach toward support figures. Brain Behav. Immun. 44, 247-252.
doi: 10.1016/j.bbi.2014.10.006

Kessler, R. C., Berglund, P., Demler, O., Jin, R, Merikangas, K. R., and
Walters, E. E. (2005). Lifetime prevalence and age-of-onset distributions of
DSM-IV disorders in the National Comorbidity Survey Replication. Arch. Gen.
Psychiatry 62, 593-602. doi: 10.1001/archpsyc.62.7.768

Kiecolt-Glaser, J. K., Derry, H. M., and Fagundes, C. P. (2015). Inflammation:
depression fans the flames and feasts on the heat. Am. J. Psychiatry 172,
1075-1091. doi: 10.1176/appi.ajp.2015.15020152

Klein, S. L. (2012). Immune cells have sex and so should journal articles.
Endocrinology 153, 2544-2550. doi: 10.1210/en.2011-2120

Krampen, G. (2004). Skalen zur Erfassung von Hoffnungslosigkeit. Gottingen:
Hogrefe Verlag.

Lasselin, J., Lekander, M., Axelsson, J., and Karshikoff, B. (2018). Sex differences
in how inflammation affects behavior: what we can learn from experimental
inflammatory models in humans. Front. Neuroendocrinol. doi: 10.1016/j.yfrne.
2018.06.005 [Epub ahead of print].

Lasselin, J., Treadway, M. T., Lacourt, T. E., Soop, A., Olsson, M. J., Karshikoff, B.,
et al. (2017). Lipopolysaccharide alters motivated behavior in a monetary
reward task: a randomized trial. Neuropsychopharmacology 42, 801-810.
doi: 10.1038/npp.2016.191

Lauriola, M., Mosca, O., Trentini, C., Foschi, R., Tambelli, R., and Carleton, R. N.
(2018). The intolerance of uncertainty inventory: validity and comparison
of scoring methods to assess individuals screening positive for anxiety and
depression. Front. Psychol. 9:388. doi: 10.3389/fpsyg.2018.00388

Lekander, M., Karshikoff, B., Johansson, E., Soop, A., Fransson, P,
Lundstrom, J. N., et al. (2016). Intrinsic functional connectivity of insular
cortex and symptoms of sickness during acute experimental inflammation.
Brain Behav. Immun. 56, 34-41. doi: 10.1016/j.bbi.2015.12.018

Matcham, F., Rayner, L., Steer, S., and Hotopf, M. (2013). The prevalence of
depression in rheumatoid arthritis: a systematic review and meta-analysis.
Rheumatology 52, 2136-2148. doi: 10.1093/rheumatology/ket169

McEvoy, P. M., and Mahoney, A. E. (2011). Achieving certainty about the structure
of intolerance of uncertainty in a treatment-seeking sample with anxiety and
depression. J. Anxiety Disord. 25, 112-122. doi: 10.1016/j.janxdis.2010.08.010

Miller, A. H., and Raison, C. L. (2016). The role of inflammation in depression:
from evolutionary imperative to modern treatment target. Nat. Rev. Immunol.
16, 22-34. doi: 10.1038/nri.2015.5

Frontiers in Behavioral Neuroscience | www.frontiersin.org

August 2018 | Volume 12 | Article 183


https://doi.org/10.1016/j.jpsychores.2017.01.002
https://doi.org/10.1016/j.biopsych.2004.02.009
https://doi.org/10.1016/j.biopsych.2004.02.009
https://doi.org/10.1016/j.janxdis.2012.01.011
https://doi.org/10.1016/j.tics.2010.06.007
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1016/j.bbi.2006.09.006
https://doi.org/10.1038/nrn2297
https://doi.org/10.1038/nrn2297
https://doi.org/10.1016/j.neubiorev.2009.07.014
https://doi.org/10.1038/nrn3027
https://doi.org/10.1016/j.biopsych.2009.09.033
https://doi.org/10.1016/j.biopsych.2010.06.010
https://doi.org/10.1016/j.bbi.2009.12.009
https://doi.org/10.1016/j.neuroimage.2009.04.040
https://doi.org/10.1016/j.neuroimage.2009.04.040
https://doi.org/10.1016/j.bbi.2015.08.013
https://doi.org/10.1016/j.bbi.2015.08.013
https://doi.org/10.1038/mp.2016.264
https://doi.org/10.1192/bjp.186.4.302
https://doi.org/10.1037/0022-3514.46.2.404
https://doi.org/10.1016/0191-8869(94)90048-5
https://doi.org/10.1016/0191-8869(94)90048-5
https://doi.org/10.4049/jimmunol.1202246
https://doi.org/10.4049/jimmunol.1202246
https://doi.org/10.1026/1616-3443.37.3.190
https://doi.org/10.1017/S0033291708003723
https://doi.org/10.1002/ibd.20873
https://doi.org/10.1016/j.bbi.2010.10.013
https://doi.org/10.1038/npp.2011.205
https://doi.org/10.1001/jamapsychiatry.2017.4602
https://doi.org/10.1097/PSY.0b013e3181907c1b
https://doi.org/10.1037/0033-295x.115.2.291
https://doi.org/10.1016/j.bbi.2014.10.006
https://doi.org/10.1001/archpsyc.62.7.768
https://doi.org/10.1176/appi.ajp.2015.15020152
https://doi.org/10.1210/en.2011-2120
https://doi.org/10.1016/j.yfrne.2018.06.005
https://doi.org/10.1016/j.yfrne.2018.06.005
https://doi.org/10.1038/npp.2016.191
https://doi.org/10.3389/fpsyg.2018.00388
https://doi.org/10.1016/j.bbi.2015.12.018
https://doi.org/10.1093/rheumatology/ket169
https://doi.org/10.1016/j.janxdis.2010.08.010
https://doi.org/10.1038/nri.2015.5
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

Kotulla et al.

Systemic Inflammation and Body-Related Self-Esteem

Moieni, M., Irwin, M. R,, Jevtic, L., Breen, E. C., and Eisenberger, N. L. (2015a).
Inflammation impairs social cognitive processing: a randomized controlled
trial of endotoxin. Brain Behav. Immun. 48, 132-138. doi: 10.1016/j.bbi.2015.
03.002

Moieni, M., Irwin, M. R, Jevtic, I, Olmstead, R., Breen, E. C. and
Eisenberger, N. L. (2015b). Sex differences in depressive and socioemotional
responses to an inflammatory challenge: implications for sex differences
in depression. Neuropsychopharmacology 40, 1709-1716. doi: 10.1038/npp.
2015.17

Monteiro, S., Ferreira, F. M., Pinto, V., Roque, S., Morais, M., de Sa-
Calgada, D., et al. (2016). Absence of IFNy promotes hippocampal plasticity
and enhances cognitive performance. Transl. Psychiatry 6:¢707. doi: 10.1038/tp.
2015.194

Olsson, M. J., Lundstrom, J. N., Kimball, B. A., Gordon, A. R., Karshikoff, B.,
Hosseini, N., et al. (2014). The scent of disease: human body odor
contains an early chemosensory cue of sickness. Psychol. Sci. 25, 817-823.
doi: 10.1177/0956797613515681

Otte, C., Gold, S. M., Penninx, B. W., Pariante, C. M., Etkin, A., Fava, M.,
et al. (2016). Major depressive disorder. Nat. Rev. Dis. Primers 2:16065.
doi: 10.1038/nrdp.2016.65

Pasco, J. A., Nicholson, G. C., Williams, L. J., Jacka, F. N., Henry, M. ],
Kotowicz, M. A,, etal. (2010). Association of high-sensitivity C-reactive protein
with de novo major depression. Br. J. Psychiatry 197, 372-377. doi: 10.1192/bjp.
bp.109.076430

Patten, S. B., Beck, C. A., Williams, J. V. A., Barbui, C., and Metz, L. M.
(2003). Major depression in multiple sclerosis a population-based
perspective. Neurology 61, 1524-1527. doi: 10.1212/01.WNL.0000095964.
34294.b4

Raison, C. L., Capuron, L., and Miller, A. H. (2006). Cytokines sing the blues:
inflammation and the pathogenesis of depression. Trends Immunol. 27, 24-31.
doi: 10.1016/j.it.2005.11.006

Raison, C. L., and Miller, A. H. (2011). Is depression an inflammatory disorder?
Curr. Psychiatry Rep. 13, 467-475. doi: 10.1007/s11920-011-0232-0

Reichenberg, A., Yirmiya, R., Schuld, A., Kraus, T., Haack, M., Morag, A,
et al. (2001). Cytokine-associated emotional and cognitive disturbances
in humans. Arch. Gen. Psychiatry 58, 445-452. doi: 10.1001/archpsyc.58.
5.445

Regenbogen, C., Axelsson, J., Lasselin, J., Porada, D. K., Sundelin, T., Peter, M. G.,
et al. (2017). Behavioral and neural correlates to multisensory detection of
sick humans. Proc. Natl. Acad. Sci. U S A 114, 6400-6405. doi: 10.1073/pnas.
1617357114

Schedlowski, M., Engler, H., and Grigoleit, J. S. (2014). Endotoxin-induced
experimental systemic inflammation in humans: a model to disentangle
immune-to-brain communication. Brain Behav. Immun. 35, 1-8.
doi: 10.1016/j.bbi.2013.09.015

Schiepers, O. J., Wichers, M. C., and Maes, M. (2005). Cytokines and
major depression. Prog. Neuropsychopharmacol. Biol. Psychiatry 29, 201-217.
doi: 10.1016/j.pnpbp.2004.11.003

Schiitz, A., Rentzsch, K., and Sellin, 1. (2006). Multidimensionale Selbstwertskala.
Gottingen: Hogrefe Verlag.

Smith, L. K, He, Y., Park, J. S., Bieri, G., Snethlage, C. E., Lin, K,, et al. (2015).
B2-microglobulin is a systemic pro-aging factor that impairs cognitive function
and neurogenesis. Nat. Med. 21, 932-937. doi: 10.1038/nm.3898

Steyer, R., Schwenkmezger, P., Notz, P., and Eid, M. (1997). Der mehrdimensionale
Befindlichkeitsfragebogen (MDBF). Handanweisung [The Multidimensional
Affect Rating Scale (MDBF). Manual]. Gottingen: Hogrefe.

Straub, R. H. (2017). The brain and immune system prompt energy shortage
in chronic inflammation and aging. Nat. Rev. Rheumatol. 13, 743-751.
doi: 10.1038/nrrheum.2017.172

Suffredini, A. F., and Noveck, R.J. (2014). Human endotoxin administration as an
experimental model in drug development. Clin. Pharmacol. Ther. 96, 418-422.
doi: 10.1038/clpt.2014.146

Sundelin, T., Karshikoff, B., Axelsson, E., Héglund, C. O., Lekander, M., and
Axelsson, J. (2015). Sick man walking: perception of health status from body
motion. Brain Behav. Immun. 48, 53-56. doi: 10.1016/j.bbi.2015.03.007

Tyring, S., Gottlieb, A., Papp, K., Gordon, K., Leonardi, C., Wang, A., et al.
(2006). Etanercept and clinical outcomes, fatigue, and depression in psoriasis:
double-blind placebo-controlled randomised phase III trial. Lancet 367, 29-35.
doi: 10.1016/s0140-6736(05)67763-x

Uher, R., Payne, J. L., Pavlova, B., and Perlis, R. H. (2014). Major depressive
disorder in DSM-5: implications for clinical practice and research of changes
from DSM-IV. Depress. Anxiety 31, 459-471. doi: 10.1002/da.22217

Villeda, S. A., Luo, J., Mosher, K. L, Zou, B., Britschgi, M., Bieri, G., et al. (2011).
The ageing systemic milieu negatively regulates neurogenesis and cognitive
function. Nature 477, 90-94. doi: 10.1038/nature10357

Wegner, A., Elsenbruch, S., Maluck, J., Grigoleit, J. S., Engler, H., Jager, M.,
et al. (2014). Inflammation-induced hyperalgesia: effects of timing, dosage,
and negative affect on somatic pain sensitivity in human experimental
endotoxemia. Brain Behav. Immun. 41, 46-54. doi: 10.1016/j.bbi.2014.
05.001

Wegner, A., Elsenbruch, S., Rebernik, L., Roderigo, T., Engelbrecht, E., Jiger, M.,
etal. (2015). Inflammation-induced pain sensitization in men and women: does
sex matter in experimental endotoxemia? Pain 156, 1954-1964. doi: 10.1097/j.
Ppain.0000000000000256

Wright, C. E,, Strike, P. C., Brydon, L., and Steptoe, A. (2005). Acute inflammation
and negative mood: mediation by cytokine activation. Brain Behav. Immun. 19,
345-350. doi: 10.1016/j.bbi.2004.10.003

Yirmiya, R., Rimmermann, N., and Reshef, R. (2015). Depression as a microglial
disease. Trends Neurosci. 38, 637-658. doi: 10.1016/j.tins.2015.08.001

Zouikr, I, and Karshikoff, B. (2017). Lifetime modulation of the pain system
via neuroimmune and neuroendocrine interactions. Front. Immunol. 8:276.
doi: 10.3389/fimmu.2017.00276

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer SR declared their shared affiliation with the Editor.

Copyright © 2018 Kotulla, Elsenbruch, Roderigo, Brinkhoff, Wegner, Engler,
Schedlowski and Benson. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Behavioral Neuroscience | www.frontiersin.org

11

August 2018 | Volume 12 | Article 183


https://doi.org/10.1016/j.bbi.2015.03.002
https://doi.org/10.1016/j.bbi.2015.03.002
https://doi.org/10.1038/npp.2015.17
https://doi.org/10.1038/npp.2015.17
https://doi.org/10.1038/tp.2015.194
https://doi.org/10.1038/tp.2015.194
https://doi.org/10.1177/0956797613515681
https://doi.org/10.1038/nrdp.2016.65
https://doi.org/10.1192/bjp.bp.109.076430
https://doi.org/10.1192/bjp.bp.109.076430
https://doi.org/10.1212/01.WNL.0000095964.34294.b4
https://doi.org/10.1212/01.WNL.0000095964.34294.b4
https://doi.org/10.1016/j.it.2005.11.006
https://doi.org/10.1007/s11920-011-0232-0
https://doi.org/10.1001/archpsyc.58.5.445
https://doi.org/10.1001/archpsyc.58.5.445
https://doi.org/10.1073/pnas.1617357114
https://doi.org/10.1073/pnas.1617357114
https://doi.org/10.1016/j.bbi.2013.09.015
https://doi.org/10.1016/j.pnpbp.2004.11.003
https://doi.org/10.1038/nm.3898
https://doi.org/10.1038/nrrheum.2017.172
https://doi.org/10.1038/clpt.2014.146
https://doi.org/10.1016/j.bbi.2015.03.007
https://doi.org/10.1016/s0140-6736(05)67763-x
https://doi.org/10.1002/da.22217
https://doi.org/10.1038/nature10357
https://doi.org/10.1016/j.bbi.2014.05.001
https://doi.org/10.1016/j.bbi.2014.05.001
https://doi.org/10.1097/j.pain.0000000000000256
https://doi.org/10.1097/j.pain.0000000000000256
https://doi.org/10.1016/j.bbi.2004.10.003
https://doi.org/10.1016/j.tins.2015.08.001
https://doi.org/10.3389/fimmu.2017.00276
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/behavioral-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/behavioral-neuroscience#articles

	Does Human Experimental Endotoxemia Impact Negative Cognitions Related to the Self?
	INTRODUCTION
	MATERIALS AND METHODS
	Participants
	Recruitment and Safety Routine
	Study Protocol
	Cognitive Symptoms of Depression

	Plasma Cytokine Concentrations, Leukocyte Counts and C-Reactive Protein
	Statistical Analyses

	RESULTS
	Sample Characteristics
	Plasma Cytokines and Body Temperature
	LPS Effects on Mood
	LPS Effects on Cognitive Symptoms of Depression
	Self-Esteem (Data Set 1)
	Intolerance of Uncertainty (Data Set 1)
	Hopelessness (Data Set 2)


	DISCUSSION
	DATA AVAILABILITY
	AUTHOR CONTRIBUTIONS
	FUNDING
	ACKNOWLEDGMENTS
	REFERENCES


