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Abstract

Growing body of evidence suggests that inflammatory processes play an important role in the pathophysiology and the
clinical course of depressive disorder, as well as several others major psychiatric and somatic conditions. Interleukin (IL-
6), one of the proinflammatory cytokines, has been extensively examined in a number of studies among depressed pa-
tients. To assess quantitatively the relationship between depression and IL-6, a systematic review of relevant literature
published to October 2009 was performed and relevant data were meta-analysed using random-effects model. A positive
association was found (standardized difference in means=1.055, p>0,001), although a significant heterogeneity among
studies (Q(15)=141, p<0,001) points to relevance of further subgroup analyses.
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INTRODUCTION

Increasing body of research has been focused on
implications of immune mechanisms in patho-
physiological pathways leading to major somatic and
psychiatric conditions. Importantly, proinflammatory
processe frequently indexed using elevated levels of
proinflammatory cytokines (such as interleukin IL-1p,
IL-6, interferon IFN-y, tumor necrosis factor TNF-a)
have been reported in physical conditions such as in
metabolic syndrome (Shelton & Miller, 2010),
atherosclerosis (Libby, Ridker, & Maseri, 2002) and
cancer (Hodge, Hurt, & Farrar, 2005; Nilsson, Langley,
& Fidler, 2005) and psychiatric conditions such as
depressive disorder (Howren, Lamkin, & Suls, 2009),
schizophrenia (Potvin et al., 2008) and posttraumatic
stress disorder (PTSD) (Baker et al., 2001; Gill,
Vythilingam, & Page, 2008; Hoge et al., 2009; Maes et
al., 1999; Song, Zhou, Guan, & Wang, 2007). Although
the question of directionality (from psychiatric
condition towards inflammation or vice versa) is rather
complex and remain open (Stewart, Rand, Muldoon, &
Kamarck, 2009), inflammatory processes have been
proposed to explain in part significant association
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between psychiatric and somatic morbidity. Of note,
proinflammatory  cytokines, together with stress
hormones, represent primary mediators of adversive
health effects related to prolonged and dysregulated
stress response in allostatic load model (Juster,
McEwen, & Lupien, 2009).

Due to its particular role in brain-body interactions, IL-
6 has been among the most extensively investigated
proinflammatory molecule in a range of pre-clinical and
clinical protocols. Its effects are multifaceted with an
important role in the regulation of the innate immune
reactions and complex interactions with stress system
responses and neurotransmitter systems. In periphery, it
is secreted both by activated macrophages and
monocytes in response to immune challenge, adipose
tissue (Tilg & Moschen, 2006) and skeletal muscle
(Steensberg et al., 2001). In central nervous system, the
source of IL-6 is represented by activated microglia
(Hanisch, 2002). It regulates acute phase protein
production in liver (Castell et al., 1990) and stimulates
proliferation and differentiation of B cells (Hodgkin et
al.,, 1988). In the CNS, IL-6 exerts its multifold
influence via IL-6 receptors expressed on neurons
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(Nelson, Ur, & Gruol, 2002) and its interference with
neurotransmitter systems (Shelton & Miller, 2010). It
mainly impacts on neural trophic processes (Monje,
Toda, & Palmer, 2003). Moreover, it is a potent
stimulator of hypothalamo-pituitary-adrenal (HPA) axis
(Lyson & McCann, 1991; Mastorakos, Chrousos, &
Weber, 1993) and IL-6 levels are associated with acute
exposition to physical and social stressors, as well as
with conditions related to chronic stress (Lutgendorf et
al., 1999). As reviewed by Shelton and Miller (Shelton
& Miller, 2010) several pathophysiologic pathways
related to IL-6 were shown to have the potential to
compromise serotoninergic, dopaminergic and gluta-
matergic circuitry.

Aforementioned  mechanisms  suggest  possible
biological underpinnings of the association between
plasma or CSF IL-6 levels and different
psychopathology. IL-6 levels were reported to be
positively correlated with depression (Dentino et al.,
1999; Lutgendorf, et al., 1999; Sjogren, Leanderson,
Kristenson, & Ernerudh, 2006), hostility (Sjogren, et al.,
2006; Suarez, 2003), hopelessness and vital exhaustion
(Sjogren, et al., 2006). On the contrary, IL-6 levels were
found to be negatively correlated with coping and self-
esteem (Sjogren, et al., 2006). Consistently, number of
individual studies (see Fig. 1) documented the
relationship between IL-6 levels and depressive disorder
with the majority of them reporting a significant
elevations of IL-6 plasma levels in depressive patients
compared to normal control population. Using a meta-
analytic approach, the relationship will be assessed
quantitatively in this article.

METHODS

English language literature published between January
1967 and October 2009 and reporting the relationship
between IL-6 levels and depression was reviewed using
PubMed electronic database. The search was performed
with following combinations between keywords:
interleukin 6, IL-6 combined with depression and
depressive. Inclusion criteria were set to select cross-
sectional studies assessing either plasma or serum
unstimulated IL-6 concentrations in both depressed
inpatients and outpatients, aged between 18 and 65
years, both drug naive and under psychiatric treatment
and free of somatic comorbidity (such as CAD-related
disease, cancer, renal disease). Studies were included if
depressive symptoms were assessed using standardised
clinical interviews according to DSM 111-R or DSM IV
criteria and if healthy subjects were used as control
group. Only studies providing sufficient information to

calculate effects sizes (i.e. number of participants in
patient and control groups and either the mean value of
IL-6 level and standard deviation, or the difference of
the means of both group with corresponding p-value)
were selected. In the majority of studies sampling times
were between 7-9 a.m.; in cases of serial sampling the
overall mean value was used.

Statistical analyses were performed using The
Comprehensive  Meta-Analysis  software  package
version 2.0. Aggregate effect size was calculated based
on random-effects models assuming a distribution of
effect sizes across the studies and estimating both the
within- and between-study variations. Effect size was
considered positive when values of IL-6 levels patients
groups were higher compared to those in healthy control
groups. To assess the heterogeneity among study effect
sizes, Q statistic was calculated. Finally, a fail-safe N
was computed and a funnel plot was constructed to
address the problem of publication bias.

RESULTS

PubMed search provided 529 potentially relevant
articles. 514 did not met inclusion criteria (review
articles, editorial letters, duplicate studies and papers
not containing complete data) and 16 were submitted
for further analysis.

Results presented in Figure 1 shows the forest plot of
the standardized differences in means (SMD) of IL-6
levels in depression group versus healthy control group.
Meta-analysis using random effect model revealed a
significant difference in pooled effects sizes between
both groups (SMD=1.055, p>0,001). A significant
heterogeneity among effect sizes was found
(Q(15)=141, p<0,001).

Results presented in Figure 2 displays the funnel plot
for articles included in the meta-analysis. The
asymmetrical distribution of studies distribution
suggests a possible publication bias, however
corresponding fail-safe N was substantial, indicating
that 582 missing studies with null results would be
necessary to make the calculated aggregated effect size
non-significant.

DISCUSSION

Results of the meta-analysis confirm a positive
association between IL-6 levels and depression in both
inpatients and outpatient adult population (free of major
somatic comorbidity). The findings are consistent with
the results of previous meta-analytic studies reporting a
relationship  between depression and complex
alterations in cellular immunity (Herbert & Cohen,
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todel Study name Statistics for each study Std diff in means and 95% Cl
Sfeg':fs'” St"‘gﬁ‘i‘?'d Vaiance  Lowerlmit  Upperlmt  ZWalue — pialue 500 250 0,00 250 5.00

Alesci, 2005 1.729 0.553 0,308 0647 22 3130 0.002 —
Dhabhar, 2009 1.593 0.479 0.230 0,659 2538 3335 0.001 —
Ezkandari, 2007 1.898 0.434 0188 1.047 2,743 4373 0.000 —
K.agaya, 2001 0,133 0.409 0167 -0.941 0662 0,341 0.733 ——
K.ahl, 2005 0,548 0331 0110 0.1 1196 1655 0.092 ——
Kubera, 2000 0,957 0.435 0.235 0,006 1,908 14973 0.043 —
Leo, 2006 1.190 0.226 0.051 0.746 1633 5.259 0.000 ——
Maes, 1935 3528 0.325 0,108 2,889 4182 10,855 0.000 —
Maes, 1937 0,766 0.338 0114 0104 1.428 2,269 0.023 —
Mikowa, 2001 0.250 0.3 0,103 0,379 0,280 0,779 0.436 —_+—
Mativala, 2005 0,248 0332 0110 0192 1492 2,556 0.0m —
Pike, 2006 0.741 0.232 0.085 0,168 1.314 2535 0.0m —
Rief, 2001 013 0.234 0.055 0,329 0590 0.558 0.577 ——
Sluzewska, 1936 1.970 0.343 0117 1.298 2641 5,743 0.000 —
Song, 1338 1.078 0517 0.267 0,065 2,091 2,085 0.037 ——
Yaccarino, 2008 0,143 0127 0.018 0,105 0291 1127 0.260 =

R andomn 1.055 0.236 0.056 0592 1513 4483 0.000 ——

Figure 1. Forest plot of the standardized differences in means (SMD) of IL-6 levels in depression group versus healthy

control group

Precision (1/8td Err}

Std diff in means

Figure 2. Funnel plot for articles included in meta-analysis

1993; Zorrilla et al., 2001) and proinflammatory
cytokines (Howren, et al., 2009; Kuo et al., 2005; Zorri-
lla, et al., 2001), with 2 articles assessing directly IL-6
levels (Howren, et al., 2009; Zorrilla, et al., 2001).

The interpretation of the results is limited due to a
significant heterogeneity among included studies
suggesting an important role of biological, clinical and
technical confounders. The most important biological
factors include age, sex and BMI. IL-6 levels were
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shown to augment with age (Cohen, Pieper, Harris, Rao,
& Currie, 1997) and, importantly, the association
between IL-6 and depression was weakened with age in
the meta-analytic study by Howren and coworkers
(Howren, et al., 2009). The IL-6 levels were also found
to fluctuate during menstrual cycle (Angstwurm,
Gartner, & Ziegler-Heitbrock, 1997) and to be
modulated by oral contraceptive use (Salkeld,
MacAulay, Ball, & Cannon, 2001). Additionally, as
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already noted, adipose tissue represents an important
source of IL-6 (Tilg & Moschen, 2006) and,
consistently, adjusting for BMI in Howren and
colleagues’analysis influenced substantially the final
aggregated effect size (Howren, et al., 2009). Besides,
treatment-related  factors, such as antidepressant
medication, influence serum levels of IL-6, as shown by
Janssen and coworkers (Janssen, Caniato, Verster, &
Baune, 2010). Finally, a source of observed
heterogeneity could be linked with limited
comparability between the essays performed by
different operators or laboratories (Noble et al., 2008).

CONCLUSION

The findings support the relevance of inflammatory
response system activation in the pathophysiology and
clinical course of depressive disorder among adult
patients. Further longitudinal studies are required to
bring insights as for the directionality of these
interrelated processes.
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