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Abstract

Previous studies reported significantly altered tryptophan catabolite concentrations in major depression. Thus, tryp-
tophan catabolites were considered as potential biomarkers of depression and their modulators as potential targets
for psychopharmacotherapy. However, the results were based mainly on studies with small sample sizes limiting their
generalizability. Against this background, we investigated the relationship of peripheral tryptophan catabolites with
depression in a population-based sample with n= 3,389 participants (with fasting status > 8 h and C-reactive pro-
tein <10 mg/L). N= 248 had clinically significant depression according to a PHQ-9 score of > 10,n=1,101 subjects
had mild depressive symptoms with PHQ-9 scores between 5 and 9, and n=2,040 had no depression. After multivari-
able adjustment, clinically significant depression was associated with lower kynurenine and kynurenic acid. Spearman
correlation coefficients of the tryptophan catabolites with the severity of depression were very small (rho < 0.080,

p <0.015). None of the tryptophan catabolites could diagnostically separate depressed from not depressed persons.
Concerning linear associations, kynurenine and kynurenic acid were associated only with the severity and the cogni-
tive dimension of depression but not its somatic dimension. Tryptophan catabolites were not associated with persis-
tence or recurrence of depression at the 5 year follow-up. The results replicated the association between kynurenine
and kynurenic acid with depression. However, the associations were small raising doubts about their clinical utility.
Findings underline the complexity of the relationships between depression and tryptophan catabolites. The search for
subgroups of depression with a potentially higher impact of depression might be warranted.
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Background

The metabolism of tryptophan, the precursor of the neu-
rotransmitters serotonin and melatonin, has been con-
sidered as one of the essential biological pathways of
depression [1, 2]. The catabolism of tryptophan has two
major enzymatic pathways. For the etiology of depres-
sion, the pathway involving the Indoleamine-2,3-diox-
ygenase (IDO1) has been assumed to play a major role.
Proinflammatory cytokines can activate IDO1. Trypto-
phan is catabolized to kynurenine, the neuroprotective
kynurenic acid, and the neurotoxic quinolinic acid [3].

However, tryptophan metabolism is also closely related
to inflammation and inflammatory diseases such as infec-
tions, coronary heart disease, autoimmune syndromes,
cancer, and neurodegenerative disorders [4, 5]. These
inflammatory diseases are often comorbid with major
depression and thus might distort findings on the rela-
tionship of tryptophan metabolism with mental disorders
[6, 7]. Further, the current knowledge on the relation-
ship between tryptophan metabolism and depression is
mainly based on small clinical samples, which can affect
the generalizability of the results.

Previous studies suggested that the kynurenine path-
way might play a crucial role in the etiology of depression.
Blood tryptophan catabolites were seen as candidates
for detecting depression, differentiating subtypes, pre-
dicting treatment response or pathways for novel treat-
ments. Plasma levels of kynurenic acid, quinolinic acid,
and associated ratios separated patients with a diagno-
sis of major depression and healthy controls and yielded
a high diagnostic accuracy of above 70% for kynurenic
acid [8]. The area under the curve for tryptophan levels
was 0.74 for the detection of major depression [9]. In
another study the increase of kynurenic acid after the
first infusion of ketamine was strongly associated with
antidepressant response [10]. Antidepressant-like effects
of kynurenic acid were also reported by an animal study
based on reversing immobility and improving climb-
ing and swimming times in a forced swimming test [11].
Kynurenic acid has also been assumed to play a role in
cognitive functioning. In late-life depression, elderly
depressed persons with memory deficits had significantly
lower blood concentration of kynurenic acid compared
to those without memory deficits [12]. Conversely, in a
recent study on post-stroke depression, serum kynurenic
acid levels correlated positively with depression [13].

Meta-analyses on the kynurenine pathway reported
decreases in kynurenic acid and kynurenine levels
and increases in quinolinic acid levels in patients with
depression [14], respectively found lower concentra-
tion of kynurenine in unipolar major depression versus
healthy controls [3]. A recent meta-analysis postulated
that tryptophan and kynurenic acid were consistently
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downregulated in patients with major depression, regard-
less of exposure to antidepressants [15]. Moreover, the
authors suggested that tryptophan and kynurenic acid
demonstrated the highest potential for distinguishing
states of depression and treatment response [15]. Some
researchers have therefore postulated that the control
of kynurenic acid production might be a target for the
drug treatment of depression and other brain disorders
characterized by neuroinflammation [15-17]. However,
among current studies, there was much heterogeneity.
Most studies had only tiny sample sizes or considered
only a small range of the kynurenine pathway and poten-
tial covariates.

Yet, depression is not a one-dimensional construct
[16]. The Patient Health Questionnaire PHQ-9, meas-
ures a somatic (sleeping problems, fatigability, appetitive
problems, and psychomotor retardation) and a cognitive-
affective dimension (lack of interest, depressed mood,
negative feelings about self, concentration problems, and
suicidal ideation). These have been differentially related
to medical outcomes [17]. Therefore, the purpose of this
trial is also to determine the associations of tryptophane
catabolites to the cognitive-affective and somatic dimen-
sions of depression.

Against this background, our study of a large popula-
tion-based cohort has several aims. First, to examine
whether circulating concentrations of tryptophan cat-
abolites are different between subjects with and with-
out current depression. Second, we wanted to replicate
whether tryptophan catabolites have sufficient diagnostic
potential in a population-based sample. Third, we investi-
gated linear associations between tryptophan catabolites
and dimensions, respectively, severity of depression.

Methods

Sample

This study analyzed data from the first #=5,000 par-
ticipants in the Gutenberg Health Study (GHS). The
actual sample being analyzed was reduced to n=3,389,
because of the exclusion of persons with a fasting
time<8 h (1298), current infections (determined by
CRP>10 mg/L; N=154), missing depression score and
missing data in any other variable (N=114). Persons with
current infections and non-fasting status were excluded,
because these conditions have an impact on peripheral
tryptophan catabolites.

The GHS is a population-based, prospective, obser-
vational single-center study in western Mid-Germany
with an age range of 35 to 74 years. Exclusion criteria
were insufficient German language skills and physical
and mental disability to participate. The sample had been
stratified for sex, residence, and decades of age. The study
protocol and study documents were approved by the
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local ethics committee of the Medical Chamber of Rhine-
land-Palatinate, Germany (reference no. 837.020.07; orig-
inal vote: 22.3.2007, latest update: 20.10.2015) and by the
local and federal data safety commissioners.

Assessment

Participants underwent an examination of a five-hour
duration in the study center, including questionnaires,
computer-assisted personal interviews, laboratory, and
medical examinations. A five-year follow-up assessment
was conducted in the study center with a similar, com-
prehensive assessment.

The tryptophan catabolites were analyzed by a qualified
LC-MS/MS assay at Nuvisan, Neu-Ulm, Germany. The
analytes were extracted from plasma after addition of the
internal standards [D5] kynurenic acid, [D4] kynurenine,
[D5] tryptophan and [D3] quinolinic acid and protein
precipitation followed by chromatographic separation
on an ultra-performance liquid chromatography column
and mass spectrometric detection using positive multi-
ple-reaction monitoring on two mass analyzers. In detail,
for mass spectrometry AB Sciex API 5000 System, and
for liquid chromatography Waters Acquity LC System
was used, using a Force C18 column (3 pm, 50 x 3.0 mmy;
Restek). Mobile phase B consisted of 2% formic acid in
water, and mobile phase A consisted of acetonitrile/
methanol/2-propanol/formic acid (46.5/46.5/5/2, v/v/
v/v). Plasma samples were prepared by the addition of
internal standards working solution followed by ice-
cold methanol for protein precipitation. Subsequently,
samples were centrifuged and the supernatant was
evaporated to dryness under a stream of nitrogen and
reconstituted in 150 pL take up solution (water/acetoni-
trile/formic acid/ascorbic acid (97.4 mL/ 2 mL/ 0.5 mL/
100 mg)). In-study coefficients of variation for precision
were determined for tryptophan catabolites as follows:
Tryptophan (3.9% — 6.1%), kynurenine (3.7% — 5.1%),
kynurenic acid (5.2%—8.4%) and quinolinic acid (4.3%—
5.9%). Lower limits of quantification in plasma were:
2000 nmol/L for tryptophan, 100 nmol/L for kynurenine,
5 nmol/L for kynurenic acid, and 50 nmol/L for quino-
linic acid.

Depression was assessed by the 9 item depression
module of the Patient Health Questionnaire (PHQ-
9) at baseline and at the five-year follow-up. A cut-
off score>10 determined depression (Cronbach’s «,
0.80, sensitivity 81%, and specificity 82% for detecting
any depressive disorders [18]. The PHQ-9 comprises
somatic and cognitive dimensions of depression. Items
related to problems with sleep, lack of energy, appe-
tite, and psychomotor agitation/retardation repre-
sent somatic depressive symptoms. The remaining five
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items, measuring lack of interest, depressed mood, neg-
ative feelings about self, problems with concentration,
and suicidal ideation represent the cognitive dimen-
sions of depression [19]. Anxiety was measured by the 2
item version of the General Anxiety Disorder question-
naire (GAD-2). The total GAD-2 score has a range from
0 to 6. Using a cut-off score of 3 or more, the GAD-2
identifies any anxiety disorder (e.g., generalized anxiety
disorder, social phobia, or panic disorder) with a sensi-
tivity of 65% and specificity of 88% [20].

Socioeconomic status (SES) was defined according
to Lampert and Kroll as ranging from 3 (lowest) to 21
(highest). The multidimensional index combines infor-
mation about educational qualifications, household
characteristics of occupation, and income with equal
weights [21].

The history of any suicide attempt was assessed at the
5-year follow-up by self-report. During the computer-
assisted personal interview, participants were asked
whether they had ever received a definite diagnosis of
any depressive or anxiety disorder by a physician or
psychotherapist (medical history of depression/ anxi-
ety disorder). Smoking was dichotomized into smokers
and non-smokers (never smoker and ex-smoker), obe-
sity was defined as a body mass index (BMI)>30. At
risk consumption of alcohol was defined as daily con-
sumption of > 24 mg for men and > 12 mg for women.
The level of physical activity expressed as metabolic
equivalents (MTS) was assessed with the Short Ques-
tionnaire to Assess Health-enhancing physical activity
(SQUASH) [22].

Blood samples were taken in fasting conditions.
Serum lipid levels (total cholesterol, triglycerides, and
high-density lipoprotein cholesterol), plasma concen-
tration of C-reactive protein were measured imme-
diately after blood withdrawal by routine methods;
low-density lipoprotein cholesterol was calculated
by the Friedewald formula. All other measurements
were determined in plasma or serum stored imme-
diately after blood withdrawal and centrifugation
at — 80 °C until analysis. The measurements were done
in a blinded fashion in a single batch. Insulin resistance
(HOMA-IR, homeostasis model assessment-insulin
resistance) was calculated using the following formula:
fasting insulin (pU/ml) x fasting glucose (mmol/l)
divided by 22.5.

Medication was registered on-site by scanning the bar
codes of the original packages of drugs taken by par-
ticipants. Active ingredients were recorded using the
Anatomical Therapeutic Chemical (ATC) Classification
System. Three classes of antidepressants were noted:
nonselective monoamine reuptake inhibitors (ATC
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NO6AA), selective serotonin reuptake inhibitors (ATC
NO6AB), and other antidepressants (ATC NO6AX).

Statistical analyses

Variables were reported as numbers/percentages,
means (+standard deviation) or medians (and inter-
quartile range (25th/75th) as appropriate. For the anal-
yses, the sample was divided into three groups based
on the baseline depression score: A sample of partici-
pants with PHQ-9 > 10, indicating current moderate to
severe depression. The control group comprised per-
sons without clinically significant depressive symptoms
as indicated by PHQ-9<5 and lack of a prior history
of depression or anxiety disorder or intake of any psy-
chiatric medication. As alterations of the tryptophan
catabolites could also cause mild depressive symptoms
[5], we also included an intermediate group of persons
with PHQ-9 scores between 5 to 9 or a previous his-
tory of depression/anxiety or intake of any psychiatric
drugs. The group of persons with PHQ-9> 10 and the
control group were used for categorical comparisons,
and the complete sample was used for analyzing linear
associations of tryptophan catabolites with the severity
of depression.

First, we compared the group of not depressed par-
ticipants with the group of depressed participants.
The tryptophan catabolites were compared between
the groups of persons with and without depression by
t-tests in the unadjusted analysis. Second, we calcu-
lated logistic regression analyses with the dependent
variable depression (PHQ-9 > 10) versus no depression
(PHQ-9<5) and one of the tryptophan catabolites as
the predictor and three models of adjustment (model 1:
sex, age; model 2: sex, age, SES; model 3: sex, age, SES,
smoking, obesity, alcohol abuse, physical activity score,
heart rate, systolic blood pressure [mmHg], c-reactive
protein (CRP), insulin resistance (HOMA-IR). Third,
we calculated ROC curve to evaluate the efficacy of the
tryptophan catabolites for diagnosing depression as
determined by a PHQ-9 > 10. In the next step, we ana-
lyzed the linear associations of tryptophan catabolites
with the severity of depression as determined by the
PHQ-9 sum score (range 0—27). Forth, we calculated a
Spearman rank correlation of depression with the tryp-
tophan catabolites. Fifth, we calculated a linear regres-
sion analysis with the dependent variable severity of
depression and its subcomponents with the predictor
kynurenic acid and the covariates sex, postmenopau-
sal status, age, blood pressure, coronary artery disease,
heart rate, body mass index, smoking, high-density
lipoprotein, low-density protein, triglycerides, C-reac-
tive protein, insulin resistance (HOMA-IR), physical
activity, and alcohol abuse.
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Results

The characteristics of the sample are shown in Table 1.
As compared to the group without current and pre-
vious depression, the group of depressed persons
(PHQ-9>10) had a lower mean age and a higher
proportion of females, particularly postmenopausal
women. Forty-four percent of depressed persons had
a medical history of depression, and more than 12% a
history of suicide attempts. Their SES was lower, and
they were less often living in a partnership. Concerning
other medical diseases, they had higher rates of arthri-
tis and chronic obstructive pulmonary disease. They
were more often obese and had higher smoking rates.
Concerning biological markers, they had a higher CRP
level and lower systolic blood pressure. At the five-year
follow-up, 52.9% of the depressed group had PHQ-9
scores > 10.

Concentration of tryptophan catabolites

Table 2 displays the comparison of the levels of trypto-
phan catabolites of persons with versus without depres-
sion. In the crude comparison, there was a significant
difference for kynurenine and kynurenine acid. In the
fully adjusted logistic regression analyses (model 3),
kynurenine and kynurenine acid were still lower in the
depressed versus not-depressed group.

We also calculated a logistic regression analy-
sis with the outcome clinically significant depression
(PHQ-9>10) at the 5-year follow-up and the predic-
tor log-transformed kynurenic acid and the covariates
PHQ-9 score at baseline, age, and sex. Kynurenic acid,
however, was not associated with later depression (esti-
mate—0.0216, 95% CI -0.136/0.0923, p=0.71).

Receiver operating characteristics of tryptophan
catabolites for diagnosing depression

The ROC for the detection of depression according
to PHQ-9>10 by tryptophan catabolites was not sig-
nificant. The Area under the curve (AUC) for kynure-
nine, kynurenic acid, quinolinic acid, and tryptophan
were 0.472 (0.376/0.567), 0.410 (0.315/0.505), 0.462
(0.362/0.563), and 0.413 (0.319/0.506).

Correlates of kynurenic acid

First, we calculated Spearman rank correlations of the tryp-
tophan catabolites with the PHQ-9 sum score. The coeffi-
cients were very low and ranged between rho =—0.042 (for
quinolinic acid, p=0.015) and rho—0.080 (for kynurenic
acid, p<0.0001). Second, we calculated linear regres-
sion analyses with the dependent variables severity of
depression and its subcomponents, cognitive and somatic
symptoms of depression, and the predictors kynurenine
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Table 1 Characteristics of the sample by depression severity
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No Depression (PHQ-9< 5)

Depression (PHQ-9 > 10)

Mild depression

n=2040 n=248 (PHQ-9=5-9)
n=1101

Women, % (n) 42.6% (870) 60.1% (149) 57.2% (630)
postmenopausal Women, % (n) 28.7% (586) 41.1% (102) 39.7% (436)
Age in years, mean =+ sd 552+£109 532+£105 55.1+£109
Socioeconomic status (SES) (3 =lowest SES, 21 highest SES),  13.201+4.41 11.68+4.12 12.04+4.29
mean =+ sd
Partnership, % (n) 85.8% (1751) 72.6% (180) 79.5% (873)
PHQ-9, median (IQR) 2.00 (1.00/3.00) 11.00 (10.00/13.00) 6.00 (5.00/7.00)
Somatic symptom dimension of depression 1.00 (0/2.00) 6.00 (5.00/7.00) 3.00(2.00/4.00)
Cognitive symptom dimension of depression 0 (0/1.00) 6.00(4.00/7.00) 2.00(1.00/3.00)
GAD-2, median (IQR) 0(0/1.00) 2.00 (2.00/4.00) 1.00 (0/2.00)
History of depression, % (n) / 44.0% (109) 23.6% (259)
History of suicide attempt, % (n) 0.8% (13) 12.4% (23) 3.6% (32)
History of any anxiety disorder, % (n) / 22.2% (55) 14.3% (157)
Depression (PHQ-9 > 10) at the 5 —year follow-up 2.4% (42) 52.9% (100) 11.8% (108)
Psychiatric medication
Antidepressants, % (n) / 18.1% (45) 10.7% (117)
Antipsychotics, % (n) / 2.4% (6) 1.6% (17)
Anxiolytics, % (n) / 4.0% (10) 2.8% (31)
Hypnotics and sedatives, % (n) / 4.0% (10) 3.6% (39)
Physical Disease
Diabetes mellitus, % (n) 8.7% (176) 12.2% (30) 8.6% (95)
Arterial Hypertension, % (n) 51.9% (1058) 46.4% (115) 47.0% (518)
Dyslipidemia, % (n) 34.6% (706) 40.7% (101) 33.9% (372)
Peripheral artery disease, % (n) 3.7% (76) 5.6% (14) 1% (55)
Coronary artery disease, % (n) 3.5% (70) 57% (14) 54% (58)
Chronic heart failure, % (n) 1.4% (28) 1.6% (4) 1.2% (13)
Chronic obstructive pulmonary disease, % (n) 3.7% (75) 5.6% (14) 5.8% (64)
Chronic liver disease, % (n) 0.8% (16) 1.2% (3) 0.6% (7)
Chronic kidney disease,, % (n) 0.5% (11) 0.8% (2) 1.2% (13)
Cancer, % (n) 8.4% (171) 9.7% (24) 104% (114)
Arthritis, % (n) 4.1% (83) 8.5% (21) 5.7% (63)
Lifestyle factors
Smoking, % (n) 17.5% (357) 27.4% (68) 20.3% (223)
Physical activity score [in 1000] 7.12(4.81/9.39) 7.13(5.01/9.25) 7.04 (4.97/9.50)
Alcohol abuse [24/12 g/d], % (n) 23.9% (488) 22.6% (56) 24.8% (273)
Obesity, % (n) 22.1% (450) 25.4% (63) 25.0% (275)
Biomarkers
C-Reactive Protein (CRP, mg/L) 1.60 (0.50/2.90) 1.80(1.10/3.50) 1.60 (1.00/3.20)
Insulin resistance (HOMA-IR) 1.75(1.25/2.58) 1.76 (1.23/2.58) 1.76 (1.25/2.53)
Cholesterol [mmol/L] 22424413 22424439 2244+41.7
Systolic blood pressure [mmHg] 1334+180 1296+ 16.0 1302+£173
Heart rate [beats per minute] 68.1£109 68.1+£106 68.7+£10.7

and kynurenic acid and 20 covariates. Kynurenine and
Kynurenic acid were not independently associated with the
severity of depression or the somatic symptom dimension

of depression. However, kynurenine and kynurenic acid
were independently associated with the severity of cogni-
tive symptoms of depression (Table 3).
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Table 2 Comparison of the concentration of tryptophan catabolites and prediction of depression by tryptophan catabolites

Not depressed Depressed Estimate (diff. 95% Test model 1 OR Test model 2 OR Test model 3 OR
(PHQ-9<5) (PHQ-9>10) Cl),p (95% ClI), p (95% CI), p (95% CI), p
n=2040 n=248
Tryptophan [nmol/l] 50,188 4+9121 49,038+£10,214 1150 [-186; 2487], 1(00-1)p=097 1(1-1)p=082 1(1-1)p=0.79
p=0091
Kynurenine [nmol/l] 2570 (2180/3040) 2445 (2060/2920)  -0.23 [-0.096;-0.36],  0.905 (0.798-1.025)  0.905 (0.798-1.026)  0.861 (0.753-0.984)
p=0.00077 p=.12 p=.12 p=0.028
Kynurenic acid 33.90(27.50/42.36)  32.00 (24.44/38.70) -0.27[-0.12;-042],  0.814(0.715-0.925) 0.827(0.727-0.939) 0.834(0.731-0.951)
[nmol/1] p=0,00,045 P=0.0016 p=0.0037 p=0.0071
Quinolinic acid 309.5(253.0/384.0) 296.5 (240.0/378.3) -0.097 [-0.046;0.24], 0.952 (0.836-1.081) 0.946 (0.830-1.075) 0.917 (0.796-1.053)
[nmol/1] p=0.18 p=046 p=040 p=023

Student'’s t-test for the comparison of tryptophan catabolite concentration between not depressed and depressed persons. Tryptophan catabolite (trycat)
concentrations are shown as means (+ standard deviation) or medians (and interquartile range (25th/75th)

The odds ratios reflect change per standard deviation for log-transformed kynurenine, kynurenine acid and quinolinic acid. Tryptophan was normally distributed and
thus not log-transformed

Test model 1 =logistic regression analysis with the dependent variable depressed versus not depressed and the independent variables trycat per standard deviation
and sex and age. For model 1, n =248 cases of depression could be used

Test model 2 =logistic regression analysis with the dependent variable depressed versus not depressed and the independent variables trycat per standard deviation
and sex, age, SES. For model 2, n =246 cases of depression could be used

Test model 3: logistic regression analysis with the dependent variable depressed versus not depressed and the independent variables trycat per standard deviation
and sex, age, SES, smoking, obesity, excessive alcohol consumption, physical activity score, heart rate, systolic blood pressure [mmHg], CRP, HOMA-IR, LDL/HDL. For
model 3, n= 187 cases of depression could be used

Table 3 Linear regression with the dependent variables severity of depression according to the sum score of PHQ-9 and its
subcomponents somatic and cognitive symptoms of depression

cognitive symptoms of depression
R?>=0.038,n=3761

Severity of depression (PHQ-9)
R>=0.054, n=3764

somatic symptoms of depression
R?=0.059, n=3762

Estimate 95% Cl p Estimate 95% Cl p Estimate 95% Cl p
Kynurenine -0.186 -0.332 -0.0398 0.013  -0.0455 -0.127 -0.036 028  -0.141 -0.222 -0.591 0.00072
Kynurenicacid  -0.280 -0475 -0.08416  .0051 -0.0890 -0.198 0.025 0.11 -0.139 -0.209 -0.0683  0.00011

(per log SD)

Adjusted for sex, menopause (postmenopausal), time of blood sampling [h], age (in years), systolic blood pressure [mmHg], diastolic blood pressure [nmHg], heart

rate [beats per minute], BMI [kg/m?], smoking (yes), coronary artery disease (yes), HDL [mg/dI], LDL [mg/dl], triglycerides [mg/dl], CRP [mg/L], insulin resistance
(HOMA-IR), physical activity score [in 1000 METS], at-risk consumption of alcohol (>24/12 g/d) (yes)

Discussion
In this large population-based sample, we found dif-
ferences in tryptophan catabolites between depressed
persons and non-depressed controls in accordance
with the latest meta-analysis [2]. Depressed versus
non-depressed persons had lower peripheral concen-
trations of kynurenine and kynurenic acid. This finding
was robust for multiple adjustments. In contrast to the
meta-analysis of Marx et al., we found no significant
difference for tryptophan [2]. Further, our results con-
trast with a recent analysis from the community-based
Netherlands Study of Depression and Anxiety [23],
where no differences in plasma tryptophan catabolites
could be found comparing #»=1100 persons with major
depression with n =642 healthy controls.

The prominent role of kynurenine and kynurenic acid,
which we found in our study, is in line with previous
studies assuming that control of kynurenic acid might

be a major target for antidepressant drug development
[11, 24-27]. Furthermore, regarding the association
with depression, we demonstrated for the first time a
specific association of kynurenine and kynurenic acid
with different symptom clusters of depression. Both
catabolites were not associated with somatic symptoms
of depression (e.g., problems with sleep, lack of energy).
However, there was an independent inverse associa-
tion of the neuroprotective kynurenine and kynurenic
acid with the cognitive-affective symptom dimension of
depression (i.e., depressed mood, loss of interest, diffi-
culties concentrating, suicidal ideation). The finding of
such a differential association is consistent with previ-
ous studies, demonstrating a specific role of kynurenine
and kynurenic acid for anhedonia and suicidal ideation
[10, 25, 28]. Though our finding contrasted with the
recent analysis from the Netherlands Study of Depres-
sion and Anxiety, in which kynurenic acid correlated
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inversely with melancholic features (mood worse in the
morning, early morning awakening, distinct quality of
mood, excessive guilt, decreased appetite, decreased
weight, psychomotor agitation, and psychomotor retar-
dation) [23]. Although different scales might hamper
comparability, melancholic features correspond more
to the somatic symptom dimension than the cognitive
one. All things considered, the effect sizes we found
were very small, so replicating the results would cer-
tainly make sense.

In contrast to previous reports [8, 9, 15] from highly
selected samples, we could not replicate the usefulness
of tryptophan catabolites as screening markers for the
detection of depression on a population-level. The area
under the curve was very close to the diagonal non-
discrimination line. Therefore, these biomarkers appear
unsuitable for diagnosing depression or monitoring
depression status in a real-world sample. This negative
finding is not surprising because tryptophan catabolites
play a role in many different diseases and hence may be
too unspecific for screening depression [29, 30]. Further,
another plausible explanation for this negative finding is
that we used a population-based sample instead of a clin-
ical sample with presumably lower contrast between the
groups.

A limitation of our study is that depression status was
questionnaire-based and not determined by a clinical
interview. However, the PHQ-9 is a valid instrument for
measuring the severity of depression and carrying impor-
tant prognostic information [31-33]. Another limitation
of our study is that we relied on peripheral tryptophan
catabolites only, as there might be relevant differences
between central and peripheral tryptophan catabolites.
Exclusion of 1298 participants due to fasting time<8 h
may have biased findings. A recent study showed that
in bipolar patients with ongoing depressive symptoms,
kynurenic acid concentrations were decreased in the
plasma but unchanged in the cerebrospinal fluid [34].
Other studies reported that plasma tryptophan catabo-
lites are an excellent proxy of the kynurenine pathway in
the cerebrospinal fluid of depressed patients [25]. A sys-
tematic review found moderate to strong concordance
between peripheral concentrations of kynurenine but less
evidence for other tryptophan metabolites [35, 36].

In summary, we confirmed the association of the tryp-
tophan catabolites kynurenine and kynurenic acid with
depression in a large population-based sample. After
multivariable adjustment, clinically significant depression
was only predicted by kynurenine and kynurenic acid
but not the other tryptophan catabolites. A novel find-
ing was that kynurenine and kynurenic acid predicted
the overall severity and the cognitive-affective dimension
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of depression but not its somatic dimension. However,
the associations found were small, raising doubts about
their clinical utility. Findings underline the complexity
of the relationships between depression and tryptophan
catabolites. Given that a large study including com-
munity controls found no association [25] our findings
might stimulate the search for subgroups of more severe
depression where tryptophan catabolites have stronger
effects.
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