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A B S T R A C T

Introduction: In recent decades a number of studies have shown an association between the Tryptophan (Trp)-
Kynurenine (Kyn) axis and neuropsychiatric disorders. However, the role of the Trp-Kyn pathway on the af-
fective status in a general psychiatric cohort requires clarification. This study aimed to measure peripheral
changes in Trp, Kyn and the Kyn/Trp-ratio as well as in the inflammatory markers high sensitive C-reactive
protein (hsCRP) and interleukine-6 (IL-6) in individuals undergoing a six-week course of intensive treatment
program comparing subgroups of treatment responders and non-responders.
Methods: In this investigation 87 currently depressed individuals with a life-time history of depressive disorders
were divided into treatment responders (n= 48) and non-responders (n= 39). The individuals were selected for
an extreme group comparison out of 598 patients undergoing a 6-week psychiatric rehabilitation program in
Austria. Responders were defined according to great changes in Becks Depression Inventory (BDI-II) between
time of admission and discharge (BDI-II > 29 to BDI-II< 14), while non-responders had no or minimal changes
(BDI> 20, max. 4 points change over time). Differences in the levels of Trp, Kyn, and the Kyn/Trp ratio as well
as levels of hsCRP and IL-6, were compared between groups. Differences were analyzed at the time of admission
as well as at discharge.
Results: A significant group x time interaction was found for Kyn [F(1.82)=5.79; p=0.018] and the Kyn/Trp
ratio [F(1.85)=4.01, p=0.048]. Importantly, Kyn increased significantly in the non-responder group, while
the Kyn/Trp ratio decreased significantly in the responder group over time. Furthermore, changes in Kyn as well
as hsCRP levels correlated significantly with changes in the body mass index over time (Kyn: r=0.24, p=0.030;
hsCRP: r=0.25, p=0.021). No significant interactions were found for Trp and hsCRP, although they increased
significantly over time.
Discussion: Given the limitations of the study, we could show that the therapeutic response to a multimodal
treatment in clinically depressed patients not receiving cytokine treatment is associated with changes in Kyn
levels and the Kyn/Trp ratio as well as with hsCRP. However, it is too early to draw any causal conclusion.
Future research should clarify relevant clinical and neurobiological parameters associated with changes in Kyn
levels and Kyn/Trp ratio, especially in regard to clinical response.

1. Objective

Numerous studies have indicated the association of unipolar and
bipolar affective disorders with systemic inflammation (reviewed in
Krishnadas and Harrison, 2016). Inflammation is intimately associated
with monoamine regulation, with increased levels of the pro-

inflammatory cytokines interleukin (IL)-1B, IL-6, IL-18, tumor necrosis
factor-alpha (TNF-a) and especially interferon-gamma (IFNg) inducing
indoleamine 2,3-dioxygenase-1 (IDO), thereby driving tryptophan (Trp)
down the kynurenine (Kyn) pathway and away from serotonin and
melatonin synthesis. The role of such processes has been shown in the
emergence of depression in IFN-treated hepatitis C patients (Bonaccorso
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et al., 2002a; Bonaccorso et al., 2002b; Capuron and Dantzer, 2003;
Capuron et al., 2003). Decreased levels of central serotonin, which have
classically been associated with mood disorders, may therefore be
driven by systemic inflammatory processes (Dantzer et al., 2011;
Widner et al., 2002). However, the conversion of Trp into Kyn and Kyn
pathway products, such as the excitotoxic quinolinic acid, are im-
portant. Such data suggest that it is not only the loss of serotonin, that is
important, but also the production of neuroregulatory Kyn pathway
products and the relative ratios of these products (Dantzer et al., 2011).
Significant alterations in such neuroregulatory products will drive
changes in glial-neuronal networks, which may render the brain more
susceptible to depression (Won and Kim, 2016). The Kyn/Trp ratio
reflects the levels of Trp breakdown and serves as a proxy measure of
IDO activity (Fuchs et al., 1990). Evidence of a role for IDO in cytokine-
induced depression comes from a number of studies, that have de-
monstrated correlations between cytokine- induced depression with
lower Trp levels coupled to raised levels of Kyn and an increase in the
Kyn/Trp-ratio (Capuron et al., 2002; Capuron et al., 2003).

Despite the large number of studies investigating the Trp-Kyn
pathways in individuals undergoing cytokine treatment and its asso-
ciation with neuropsychiatric symptoms, there is no general consensus
how Trp-Kyn changes interact with the therapeutic response in general
psychiatric cohorts without cytokine treatment. Psychiatric rehabilita-
tion settings in Austria commonly offer an intensive, multidisciplinary
6-week program for individuals with serious mental illness, most typi-
cally suffering from affective disorders. In this setting, current symp-
tomatology of patients is not serious enough to require acute care in a
psychiatric hospital, with most patients receive rehabilitative treatment
following acute psychiatric care. The rehabilitation program in Austria
is a structured and targeted, including medical, psychiatric, psycholo-
gical and psychotherapeutic treatments, as well as occupational
therapy, physiotherapy and diet counseling. The principal goals of such
a setting include long-term symptom management, social skills im-
provement, active participation in everyday life, strengthening of cog-
nitive functioning and decreasing the rates of hospitalization and re-
tirement on the grounds of disability (Hinterhuber and Meise, 2007).
However, not all patients exhibit minor symptomatology at the begin-
ning and some do not show improvements during the course of treat-
ment.

As the psychiatric rehabilitation program is a very structured
treatment with a predefined treatment plan that applies the same
therapy levels to all patients, different patient groups can be easily
compared in regard to their treatment outcome. Alterations in the
neurobiological parameters in major depressive disorder patients that

compare non-Responders (Non-RESP) and responders (RESP) may be of
particular interest, given its potential to highlight clinically meaningful
biomarkers.

Utilizing the “inflammatory hypothesis of depression”, the current
study aimed to evaluate changes of inflammatory processes (Trp, Kyn
the Kyn/Trp ratio, high sensitive C-reactive protein (hsCRP), IL-6) over
the course of a 6-week rehabilitation program in individuals with life-
time major depressive disorder and current depressive symptoma-
tology, divided into RESP versus Non-RESP. For this purpose Trp, Kyn,
the Kyn/Trp ratio as well as hsCRP and IL-6 were analyzed at the time
of treatment admission (t1) and discharge (t2). The study design in-
cluded the comprehensive evaluation of depressive symptoms.

2. Material and methods

The present investigation comprised 87 individuals with a life-time
history of depressive disorders and current moderate to severe de-
pressive symptoms. To measure severity of depressive symptomatology,
we used clinical evaluation according to ICD-10 by specialists in psy-
chiatry. In addition, the Becks Depression Inventory (BDI-II, Hautzinger
et al., 2006) was administered to the participants at admission (t1) and
discharge (t2). The BDI-II is a self-rating scale including 21 items
measuring common depressive symptoms, each answer being scored on
a scale value of 0–3, higher total scores indicating a higher depression
severity. The standardized cutoffs according to the literature are: 0–13
points: minimal depression; 14–19 points: mild depression; 20–28
points: moderate depression; 29–63 points: severe depression.

The participants were selected for an extreme group comparison out
of 598 patients with mood disorders during lifetime undergoing a 6-
week psychiatric rehabilitation program in Austria (mean age 52.8
years; mean BDI score: 19.4).

The first criteria for extreme group selection were: (1) history of
mood disorder (uni- or bipolar depressive disorder), (2) currently
moderate to severe depressive episode based on clinical evaluation, (3)
currently moderate to severe depressive symptoms based on the BDI-II
cut off scores (see below).

In a second step the following criteria were applied for the selected
304 patients to filter out extreme groups of RESP and Non-RESP: ac-
cording to the changes in BDI-II score, the participants were assigned as
RESP (n= 48) and Non-RESP (n= 39). Patients with changes from
severe to non/minimal during the rehabilitation program (BDI-II > 29
to BDI-II< 14) were defined as RESP. Patients, who had at the time of
admission as well as discharge a BDI-II of at least 20 and less than a 4-
point difference from t1 to t2 were classed as Non-RESP. Data of the

Fig. 1. Detailed description of extreme group selection.
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