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A B S T R A C T

Objective: Cognitive impairment is common among patients with major depressive disorder (MDD), but its pa-
thological mechanism is complex and not fully understood. Evidence suggests that the kynurenine (KYN)
pathway may be implicated in the pathophysiology of depression, but few studies have explored the association
between the KYN pathway and cognitive impairment in MDD. Our aim was to examine the relationship between
cognitive impairment and KYN pathway metabolites in patients with MDD.
Methods: A total of 146 patients with MDD according to DSM-V and 72 healthy controls (HCs) were enrolled,
and the severity of depressive symptoms using the 17-item Hamilton Depression Rating Scale (HAMD-17) and
cognitive performance including speed of processing, working memory, visual learning and verbal learning were
assessed. Blood samples were collected, and serum concentrations of tryptophan (TRP), kynurenine (KYN) and
kynurenic acid (KYNA) were measured by liquid chromatography-tandem mass spectrometry.
Results: In females with MDD, there was a significant negative association between the KYN level and verbal
learning (B=-0.039, adjusted p=0.018), and the KYN/TRP ratio was negatively correlated with speed of
processing (B=-470.086, adjusted p=0.029), verbal learning (B=-544.251, adjusted p=0.002) and visual
learning (B=-513.777, adjusted p=0.004). Those associations were not present in male individuals with MDD
or in HCs, except for a significant negative correlation between the KYNA/KYN ratio and category fluency
(B=−0.373, adjusted p=0.039) in female HCs.
Conclusion: Our results suggest that learning function and speed of processing in female MDD were associated
with KYN serum level and the KYN/TRP ratio, potentially implicating the KYN pathway in the pathological
mechanism of cognitive function in female MDD.

1. Introduction

Major depressive disorder (MDD) is one of the most prevalent and
disabling psychiatric illness, with a high lifetime prevalence ranging
from 10 to 15% (Kessler et al., 2005, 2013a). Cognitive dysfunction is a
core diagnostic feature of MDD and is likely to cause considerable in-
terference and functional impairment in patients' daily life function
(Mcintyre et al., 2013), but effective alleviation of the cognitive deficits
is difficult to achieve with current antidepressant therapies (Amado-
Boccara et al., 1995).

The factors associated with cognitive impairment vary and include
the severity of depression symptoms, duration of illness and number of
episodes. In subgroups of patients with MDD, cognitive deficits

constitute an independent dimension of depressive symptoms that is
dissociable from depressive symptomatology (Naismith et al., 2003;
Iverson et al., 2011). The underlying pathological mechanism of cog-
nitive dysfunction in depression is complex and not fully understood
but seems to involve neural circuitry, multiple neurotransmitter sys-
tems, immune activation, oxidative stress and changes in neurotrophins
(Millan et al., 2012; Femenia et al., 2012).

Tryptophan (TRP), an essential amino acid critical for protein
synthesis, is degraded into several neuroactive compounds including
serotonin (5-hydroxytryptamine, 5-HT), an important neurotransmitter
involved in the control of adaptive responses in the central nervous
system and linked to alterations in mood and cognition. Under normal
conditions, more than 90% of TRP is metabolized via the kynurenine
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(KYN) pathway rather than the 5-HT pathway. Pro-inflammatory cy-
tokines, such as interferon gamma (IFN-γ), are considered the critical
inducers of tryptophan 2,3-dioxygenase (TDO) and indolamine 2,3-di-
oxygenase (IDO), the rate-limiting enzymes of the KYN pathway
(Dantzer et al., 2011). KYN is further metabolized into several main
downstream metabolites: neurotoxic 3-hydroxykynurenine (3-HK) and
quinolinic acid (QUIN), as well as kynurenic acid (KYNA), a blocker of
N-methyl-D-aspartate (NMDA) receptors that has neuroprotective ef-
fects (Schwarcz et al., 2012). In addition, KYNA is an Alpha 7 Nicotinic
Receptor (a7nAChR) antagonist (Anderson and Maes, 2017), with
a7nAChR agonists being trialled as cognitive enhancers.

Increasing evidence has shown that KYN metabolism may be in-
volved in the pathological mechanism of depression based on the in-
flammatory hypothesis of depression (Krishnadas and Harrison, 2016).
Experimental animal models have shown that genetic or pharmacolo-
gical inhibition of KYN pathway activation inhibits the induction of
depression-like behaviour by lipopolysaccharide (LPS) administration
(O’Connor et al., 2009). Evidence from patients with inflammatory
diseases or patients treated with interferon-α also demonstrated a
strong associated between depressive symptoms and the production of
neurotoxic kynurenine metabolites (Raison et al., 2009; Georgin-
Lavialle et al., 2016). A meta-analysis compared KYN pathway meta-
bolite concentrations between depressed patients and healthy controls
(HCs) and found a significant reduction in circulating concentrations of
KYNA and KYN and the ratio of KYNA/QUIN in depressed patients
relative to those in control subjects (Ogyu et al., 2018). This imbalance
in the KYN pathway not only emerged in depressed phases but also
persisted in patients with major depression who were in long-term re-
mission (Savitz et al., 2015a).

Abnormalities of the KYN pathway may contribute to the patho-
genesis of cognitive deficits as TRP exhaustion within the periphery
increases the rate of TRP degradation and an imbalance between the
neurotoxic metabolite QUIN and the neuroprotective metabolite KYNA.
Few studies have explored the direct correlation between the levels of
KYN metabolites and cognitive function in patients with MDD; how-
ever, there is evidence for this relationship in other mood disorders,
such as bipolar disorder (Platzer et al., 2017), and other cognitive
disorders including schizophrenia (Wonodi et al., 2014), dementia
(Ting et al., 2009) and Huntington’s disease (Schwarcz et al., 2010).
Furthermore, imaging studies have also demonstrated that abnormal
KYN metabolites in MDD and other psychiatric disorders are correlated
with volume loss in the hippocampus and reduced grey matter density
in the prefrontal lobe, both critical areas for learning and memory
function (Savitz et al., 2015b, 2015c; Meier et al., 2016).

Although most studies support the hypothesis that abnormal KYN
metabolites are linked to depression, few existing studies have been
able to identify an association between the KYN pathway and cognitive
impairment in MDD. Given the existing evidence showing the in-
volvement of distinct KYN pathway intermediates in cognitive function,
we hypothesized that deficits in cognitive performance in MDD are
associated with abnormal levels of KYN metabolites. Our aim was to
examine the relationship between KYN pathway metabolism and cog-
nitive performance in individuals with MDD in order to explore a novel
target and a valuable pharmacological strategy for the prevention and
treatment of depression and for improving cognitive performance as-
sociated with depression.

2. Material and methods

Patient data were from baseline information acquired in a 9-month
follow-up study aimed to examine the molecular targets to predict the
antidepressant efficacy of antidepressants. We enrolled subjects from
the Affiliated Brain Hospital of Guangzhou Medical University between
September 2016 and December 2017. In the beginning of the study, the
experimental protocol was approved by the Clinical Research Ethics
Committees of the Affiliated Brain Hospital of Guangzhou Medical

University. All participants confirmed their understanding of the study
procedures and signed a consent form prior to entering this study.

2.1. Participants

Patients meeting the following criteria were enrolled: (1) male or
female, aged 18–65; (2) diagnosed with MDD based on the structured
clinical interview for DSM-V (SCID) criteria; (3) a total score on the 17-
item Hamilton Depression Rating Scale (HAMD-17)≥17; (4) the ability
to understand the study procedures and assessment; and (5) written
informed consent provided before entering into the study. The exclu-
sion criteria included the following: (1) a comorbidity of current or
previous substance abuse or dependence; (2) a serious and unstable
medical or concomitant medications likely to influence central nervous
system or immunological function including respiratory, cardiovas-
cular, endocrine and neurological diseases; (3) a current or previous
moderate/severe traumatic brain injury; (4) a current or past diagnosis
of any other serious mental disorder, such as schizophrenia, according
to SCID or a comorbidity of an Axis I anxiety disorder, obsessive-com-
pulsive disorder, phobia, or panic disorder that was the primary cause
of illness within the previous year; and (5) pregnancy or lactation. A
total of 163 patients were enrolled, but 146 patients completed the
cognitive assessment, and their data were included in the final analyses.

Seventy healthy controls (HCs) were recruited through the Affiliated
Brain Hospital of Guangzhou Medical University between 2015 and
2017, and they were conveniently selected from community in
Guangzhou by online recruitment. The controls were in a healthy state
without any previous or current psychiatric illness or substance abuse
or dependence. They were examined for personal or family history of
psychiatric disorder using the SCID and were free of medication.

2.2. Assessments

The severity of depressive symptoms was measured by the 17-item
Hamilton Depression Rating Scale (HAMD-17). Cognitive performance
was assessed using four domains of the MATRICS (Measurement and
Treatment Research to Improve Cognition in Schizophrenia) Consensus
Cognitive Battery (MCCB) (Nuechterlein, et al., 2008), including speed
of processing, working memory, visual learning and verbal learning.
Speed of processing was measured using the Category Fluency test,
Trail Making A test, and Brief Assessment of Cognition in Schizophrenia
(BACS). Working memory, visual learning and verbal learning were
measured using a verbal (WAIS-III, letter-number sequencing (LNS)
subtest) and nonverbal (WMS-III, Spatial Span) test, the Hopkins Verbal
Learning Test-Revised, and the Brief Visuospatial Memory Test-Revised,
respectively. Each domain score was standardized to a T score with a
mean of 50 and a standard deviation of 10. For the domain with more
than one test, a composite T score was calculated by standardizing the
average of each T score. Although the MCCB is a commonly used tool
for the assessment of neurocognitive function in patients with schizo-
phrenia, it has been increasingly applied for patients with mood dis-
orders in recent years (Kessler et al., 2013b, 2014). These four domains
of the MCCB were selected because impairment in processing speed,
learning and memory is common in MDD and is often associated with
severity of depressive symptom (Halvorsen et al., 2011; Marianne et al.,
2012).

2.3. Biochemical analysis

All participants fasted overnight and blood was sampled between 8
a.m. and 10 a.m. when they were recruited in the study. Blood samples
were collected in vacutainers without further additives, then were
centrifuged (3000 rpm/min, at+ 4 °C) for 10min within 1 h, and the
supernatant was aliquoted into Eppendorf tubes (Eppendorf, Hamburg,
Germany) and immediately frozen at −80 °C until assay.

Serum concentrations of tryptophan (TRP), kynurenine (KYN) and
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kynurenic acid (KYNA) were examined using high-performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS) as pre-
viously described in detail (Hu, et al., 2017). HPLC and mass spectro-
metry were conducted by an Agilent 1200 series HPLC system (Agilent
Technologies, Inc., Santa Clara, CA, USA) and an Agilent 6410 triple
quadrupole mass spectrometer equipped with an electrospray ioniza-
tion (ESI) source, respectively. L-TRP, L-KYN and KYNA were obtained
from Sigma-Aldrich. The Lowest level of quantification concentration of
TRP, KYN and KYNA were 1 μg/mL, 100 ng/mL and 1 ng/mL, respec-
tively. Coefficient of variation (CV%) were obtained for intra- and inter-
assay precision of all three analytes; TRP intra-day CVs were
0.55–1.88% and inter-day CVs were 2.80–7.06%, KYN intra-day CVs
were 0.92–4.33% and inter-day CVs were 5.37–9.85%, KYNA intra-day
CVs were 1.37–4.08% and inter-day CVs were 5.34–10.73%.

2.4. Statistical analysis

Differences in demographics and HAMD-17 scores between groups
(males and females, MDD and HCs) were calculated using Student’s t-
test, Mann–Whitney U test and chi-square test, as appropriate.
Covariance analysis was used to compare the differences in cognitive
test scores and serum KYN pathway metabolite levels between genders
considering demographics variables which were different between
genders as covariates. Similarly, covariance analysis also was used to
compare the differences in MCCB score and metabolites between MDD
and HCs controlling age, smoking and drinking as covariates.

Association between serum KYN pathway metabolite concentrations
and cognitive test scores were examined using linear regression ana-
lysis, with cognitive test scores as dependent variable and KYN pathway
metabolite concentration as independent variable. Covariates for mul-
tivariable linear regression included body mass index (BMI), age, edu-
cation, smoking (yes/no), drinking (yes/no), combined use of anti-
depressant/mood stabilizer/benzodiazepine/antipsychotic (yes/no,
only in patients with MDD), HAMD total score.

All the above analyses were performed separately for gender as
significant differences in depressed severity, cognitive function and
serum KYN pathway metabolite concentrations were found between
females and males in this patient sample.

All statistical analyses were performed using IBM SPSS Statistics
version 22, and p-values< 0.05 were considered statistically sig-
nificant. P-values were adjusted for multiple comparisons using False
Discovery Rate (FDR) correction.

3. Results

3.1. Sample characteristics

In MDD sample, there was no significant difference in age, educa-
tion, duration of illness, number of previous depressive episodes or
current pharmacotherapies between male and female patients
(p > 0.05). Female patients showed less smoking and drinking, a lower
body mass index and more serious depressive symptoms than male
patients (p < 0.05). Male controls were significantly younger and
smoked and drank more than female controls (p < 0.05) (Table 1).

Patients with MDD showed less employed and married and more
depressed symptom than HCs both in female and male cases
(p < 0.05). Male patients had higher numbers of smokers (p=0.001)
and drinkers (p=0.007) compared to male HCs. Male MDD were elder
(p=0.037) than male HCs, but no significant difference between fe-
male MDD and HCs (Supplementary Table 1).

In MDD subjects, after considering BMI, depressed symptom, cur-
rent smoking and drinking as covariates, males had significantly higher
speed of processing (F=2.338, adjusted p=0.027) (Trail Making:
F=2.679, adjusted p=0.008) and visual learning (F=2.474, adjusted
p=0.018) scores than females, as well as higher levels of TRP
(F=2.517, adjusted p=0.015) and KYN (F=2.614, adjusted

p=0.011) (Tables 2 and 3). In the control group, after considering
current smoking and drinking as covariates, males and females did not
perform differently in any cognitive tasks, but males had higher levels
of TRP (F= 2.950, adjusted p=0.004) and KYN (F=2.308, adjusted
p=0.032) than females (Tables 2 and 3).

After controlling age, smoking and drinking as covariates, female
MDD showed worse performance in all domains of cognition than fe-
male HCs (F=3.918∼5.222, all adjusted p < 0.001), and male MDD
performed worse in speed of processing (F=2.741, adjusted p=0.014)
and verbal learning (F=3.802, adjusted p < 0.001) compared male
HCs (Supplementary Table 2). Patients with MDD had lower levels of
KYNA (female: F= 2.612, adjusted p=0.027; male: F=2.895, ad-
justed p=0.009) and KYNA/KYN ratio (female: F=3.744, adjusted
p < 0.001; male: F=2.939, adjusted p=0.007), higher KYN/TRP
ratio (female: F=-2.705, adjusted p=0.019, male: F=-2.761, adjusted
p=0.015) than HCs both in female and male subjects, and male MDD
had lower TRP levels compared to male HCs (F=4.647, adjusted
p < 0.001) (Supplementary Table 3).

3.2. Association between neurocognitive function and levels of KYN
pathway metabolites

In HCs, a significant negative association was found between the
KYNA/KYN ratio and the category fluency score (B=-0.373, adjusted
p=0.039) only in females (Supplementary Tables 4 and 5).

In individuals with MDD, a significant negative correlation was
found between KYN levels and verbal learning in females (B=-0.039,
adjusted p=0.018). The KYN/TRP ratio was negatively correlated with
speed of processing (B=-470.086, adjusted p=0.029), verbal learning
(B=-544.251, adjusted p=0.002) and visual learning (B=-513.777,
adjusted p=0.004) (Table 4). No significant association was found
between any cognitive function domain and any KYN pathway meta-
bolite in male patients (adjusted p > 0.05) (Table 5). For a graphical
depiction of correlations between cognitive performances between
KYN/TRP ratios as well as KYN level see Fig. 1.

4. Discussion

To the best of our knowledge, this is the first study to explore the
relationship between cognitive performance and levels of KYN pathway
metabolites in individuals with MDD. We demonstrated a significant
but modest association between cognitive impairment and an elevated
serum KYN level and the KYN/TRP ratio in female individuals with
MDD. This association remained significant after covarying for the ef-
fects of depressive symptoms. However, no relationship was found in
male individuals with MDD or in HCs.

Cognitive deficits in individuals with MDD have been demonstrated
to not only occur during depressive episodes but also persist after re-
mission of a depressive episode (Reppermund et al., 2009; Savitz et al.,
2015a). To a large extent, cognitive deficits have been regarded as a
part of depressive symptomatology or a clinical phenomenon driven by
depressive symptomatology (Iverson et al., 2011; Naismith et al.,
2003). However, growing evidence suggests that cognitive deficits are
independent of depressive symptoms and may even be more severe than
depressive symptoms, and these deficits are unable to completely re-
cover with remission of depressive symptoms (Mcdermott and Ebmeier,
2009; Mcclintock, et al., 2010). Therefore, additional studies are re-
quired to further elucidate the mechanisms underlying cognitive im-
pairment and identify targets for its clinical prevention and treatment.

In the present study, KYN/TRP, a measure of IDO activity, was
significantly negatively corrected with speed of processing, verbal
learning and visual learning. IDO, the rate-limiting enzyme of the KYN
pathway, can be activated by pro-inflammatory cytokines such as IFN-γ
(Dantzer et al., 2011). Although few studies have examined the re-
lationship between KYN metabolites and cognition in MDD, evidence
has shown that activation of IDO plays a critical role in cognitive
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Table 1
Demographic and clinical characteristics of participants.

Variables Major Depressive Disorder Healthy Controls

Male(N=76) Female(N=70) Statistics Male(N=41) Female(N=31) Statistics

N % N % χ2 p N % N % χ2 p

Employed 30 39.5 19 27.1 2.485 0.115 39 90.2 24 77.4 2.243 0.134
Married 20 26.3 19 27.1 0.013 0.910 23 56.1 22 71.0 1.665 0.197
Current smoking 14 18.4 2 2.9 9.046a 0.003 19 46.3 1 3.2 16.357a <0.001
Current drinkingc 17 22.4 4 5.7 8.207a 0.004 19 46.3 3 9.7 11.183a 0.001
Number of previous episodes – – – – 2.097 0.351 – – – – – –
0 35 46.1 24 34.3 – – – – – – – –
1 23 30.3 26 37.1 – – – – – – – –
≥2 18 23.7 20 28.6 – – – – – – – –
Psychiatric comorbidity (yes) 9 11.8 6 8.6 0.423 0.516 – – – – – –
Previous hospitalization(yes) 16 21.1 16 22.9 0.069 0.792 – – – – – –
Positive psychiatric family history 25 32.9 17 24.3 1.318 0.251 – – – – – –
Free-medication 28 36.8 22 31.4 0.474 0.491 – – – – – –
On one antidepressant 43 56.6 44 62.9 0.596 0.440 – – – – – –
On two antidepressants 5 6.6 4 5.7 0.047a 0.828 – – – – – –
On benzodiazepine 29 38.2 27 38.6 0.003 0.959 – – – – – –
On antipsychotic 18 23.7 22 31.4 1.099 0.295 – – – – – –

Mean SD Mean SD t/z p Mean SD Mean SD t/z p
Age (years) 33.3 11.7 35.0 12.4 −0.846 0.399 28.8 9.7 36.3 11.9 −2.959 0.004
Education (years) 12.4 3.4 12.4 3.3 −0.029 0.977 12.0 2.0 11.8 3.2 0.370 0.712
BMI (kg/m2) 22.8 3.2 21.1 3.3 3.119 0.002 23.1 5.6 21.8 3.0 1.129 0.263
Duration of illness (months) 65.2 69.1 58.5 61.6 0.624b 0.533 – – – – – –
Dose of antidepressant (mg/day)d 28.7 17.9 30.4 21.0 −0.435b 0.665 – – – – – –
HAMD-17 21.6 3.8 23.4 5.2 −2.344 0.020 0.4 0.7 0.2 0.5 1.341 0.184

BMI=body mass index; HAMD-17=the 17-item Hamilton Rating Scale for Depression.
aFisher’s exact test.
bMann-Whitney U test.
cCurrent drinking but not meet diagnostic criteria for alcohol abuse or dependence.
dFluoxetine equivalents equals in participants receiving antidepressant.

Table 2
Comparison of cognitive performance between male and female.

Variables Major Depressive Disorder Healthy Controls

Male(N=76) Female(N=70) Statisticsa Male(N=41) Female(N=31) Statisticsb

Mean SD Mean SD F p Adjusted p Mean SD Mean SD F p Adjusted p

Speed of processing 41.9 13.5 37.0 11.9 2.338 0.021 0.027 48.6 10.8 49.5 8.8 −0.359 0.721 1.000
Trail Making 44.9 13.5 39.3 11.6 2.679 0.008 0.008 50.8 11.4 48.6 9.3 0.879 0.383 0.919
BACS 41.8 12.7 38.3 10.6 1.748 0.083 0.133 45.8 8.8 50.2 10.2 −1.937 0.057 0.080
Category Fluency 45.1 10.8 42.9 12.1 1.125 0.262 0.484 50.4 10.8 50.1 9.5 0.117 0.907 1.000
Working memory 42.4 11.7 39.1 10.3 1.763 0.080 0.120 41.8 10.3 43.0 11.2 −0.492 0.624 1.000
Verbal learning 41.2 12.5 39.3 10.0 1.023 0.308 0.616 49.5 8.7 49.1 10.4 0.209 0.835 1.000
Visual learning 42.6 11.0 38.2 10.6 2.474 0.015 0.018 46.8 11.6 47.7 7.8 −0.364 0.717 1.000

BACS=Brief Assessment of Cognition in Schizophrenia. P-values were adjusted using False Discovery Rate (FDR) correction.
a considering body mass index, depressed symptom, current smoking and drinking as covariates.
b considering current smoking and drinking as covariates.

Table 3
Serum KYN pathway metabolites of participants.

Variables Major Depressive Disorder Healthy Controls

Male(N=76) Female(N=70) Statisticsa Male(N=41) Female(N=31) Statisticsb

Mean SD Mean SD F p Adjusted p Mean SD Mean SD F p Adjusted p

TRP (ng/ml) 10,857.1 2281.2 9849.8 2554.1 2.517 0.013 0.015 12561.1 2032.5 11220.4 1732.0 2.950 0.004 0.004
KYN (ng/ml) 285.3 75.2 253.1 73.6 2.614 0.010 0.011 286.0 76.9 245.5 69.1 2.308 0.024 0.032
KYNA (ng/ml) 5.6 2.3 5.3 2.4 0.842 0.401 1.000 7.1 3.1 6.8 3.0 0.457 0.649 1.000
KYN/TRP 0.027 0.007 0.026 0.007 0.878 0.382 0.833 0.023 0.007 0.022 0.005 0.839 0.404 1.000
KYNA/KYN 0.020 0.007 0.021 0.008 −0.453 0.651 1.000 0.025 0.008 0.028 0.009 −1.660 0.101 0.173

TRP=Tryptophan; KYN=Kynurenine; KYNA=Kynurenic Acid. P-values were adjusted using False Discovery Rate (FDR) correction.
a considering body mass index, depressed symptom, current smoking and drinking as covariates.
b considering current smoking and drinking as covariates.
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deficits. Preclinical work has demonstrated that many LPS-induced
depressive-like behaviours and cognitive deficits in laboratory rodents
are mediated by activation of brain IDO (O’Connor et al., 2009, 2012).
In addition, an animal model elicited by the long-lasting effects of in-
escapable-predator stress showed activation of IDO leads to cognitive
deficits (Miura, et al., 2011). Furthermore, Jillian and colleagues de-
monstrated that a decline in cognitive performance induced by per-
ipheral immune challenge was mediated by IDO and downstream
neurotoxic KYN metabolism, and animals with pharmacological or ge-
netic inhibition of IDO activity were protected from cognitive impair-
ment induced by inflammation (Heisler and O’Connor, 2015). In ad-
dition, the KYN/TRP ratio in peripheral blood was elevated in patients
with Alzheimer’s disease and in patients after stroke and was associated
with reduced cognitive function (Widner et al., 2000; Gold et al., 2011).
The administration of etanercept, a tumour necrosis factor (TNF)-α
antagonist, has been shown to improve cognition in patients with
Alzheimer’s disease over a six-month administration period as well as
acutely following a single dose (Tobinick and Gross, 2008).

Evidence from other psychiatric disorders supports the role of the
KYN pathway in cognitive function. Patients with bipolar disorder
during the euthymic phase showed a significant negative correlation
between the 3-HK/KYNA ratio and verbal learning and memory mea-
sured using the California Verbal Learning Test. Additionally, the KYN/

3-HK ratio was correlated with performance on the sub-score of the
California Verbal Learning Test (Platzer et al., 2017). Increasing evi-
dence has shown that abnormal levels of KYN pathway metabolites are
linked to cognitive impairment in neurodegenerative disorders, in-
cluding schizophrenia (Wonodi et al., 2014), dementia (Ting et al.,
2009) and Huntington’s disease (Schwarcz et al., 2010).

In a human study, a smaller hippocampal volume and prefrontal
cortex abnormalities were found in depression along with a decline in
learning function and memory (Drevets et al., 2008). Imaging studies
have also found that KYN pathway metabolites are correlated with the
hippocampus or prefrontal cortex in MDD and other psychiatric dis-
orders. Savitz and colleagues reported reductions in the serum KYNA/
QUIN ratio in 29 unmedicated MDD patients along with positive cor-
relations between the KYNA/QUIN ratio and grey matter volumes of the
hippocampus (Savitz et al., 2015b). These authors also found a positive
correlation between KYNA/3 H K and hippocampal volume in de-
pressed patients with bipolar disorder (Savitz et al., 2015c). In another
study, patients with MDD showed a reduction in cortical thickness of
medial prefrontal cortex (mPFC) regions, as well as the KYNA/3H K
ratio and log KYNA/QUIN, and the reductions in KYNA/3H K and log
KYNA/QUIN mediated the reductions in the cortical thickness of mPFC
regions in MDD patients (Meier et al., 2016). The results above pre-
sented a possibility that structural abnormalities in these parts of the

Fig. 1. Associations between cognitive performances between KYN pathway metabolite concentration in patients using linear regression analysis.
TRP=Tryptophan; KYN=Kynurenine; KYNA=Kynurenic Acid. (a) Associations between KYN and verbal learning in male (B= 0.006, adjusted p=1.000) and
female (B=-0.039, adjusted p=0.018); (b) Associations between KYN/TRP ratio and speed of processing in male (B=-26.363, adjusted p=1.000) and female (B=-
470.086, adjusted p=0.029); (c) Associations between KYN/TRP ratio and verbal learning in male (B=-268.739, adjusted p=0.345) and female (B=-544.251,
adjusted p=0.002); (d) Associations between KYN/TRP ratio and visual learning in male (B=128.779, adjusted p=1.000) and female (B =-513.777, adjusted
p=0.004).
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brain were strongly linked to an imbalance of KYN pathway metabo-
lism, especially excessive neurotoxic kynurenine metabolites. Although
the current study did not quantify neurotoxic kynurenine metabolites
(e.g., 3 H K and QUIN), KYN levels and the KYN/TRP ratio were ne-
gatively correlated with verbal learning, visual learning and speed of
processing, thereby suggesting a role of the KYN pathway in cognitive
impairment to some degree.

KYNA, an NMDAR and a7nAChR antagonist, is associated with
cognitive function. The correlation of KYNA with cognition in MDD
may be linked to alterations in a7nAChR activities, which as well as
regulating cognition can also negatively modulate immune in-
flammatory processes and mitochondrial functioning (Anderson, 2017).
Gut microbiota, a hot issue in recent years, is important mediators of
pro-inflammatory processes occuring in MDD. Mounting evidence over
the past five years suggest that microbiota play a key role at the
gut–brain interphase, an imbalanced microbial community can lead
dysregulated immune response which modulates several brain pro-
cesses impacting mood, behavior and cognition (Waclawiková and El
Aidy, 2018; Jeon and Kim, 2017). Therefore gut microbiota driving the
pro-inflammatory may mediate changes in kyurenine pathway activity
in MDD (O’Mahony, et al., 2015). It would behoove future researchers
to devote more attention to immune inflammatory, mitochondrial
functioning, intestinal barrier and diversity of the gut microbiome in
MDD.

In the current study, associations between KYN, the KYN/TRP ratio
and learning function and processing speed were observed in female
patients with MDD but not in males. This difference may be due to the
inherent heterogeneity of the sample groups. The female patients in this
sample experienced more serious depressive symptoms and worse
cognitive impairment than males in this study. Gender differences in
depression have been demonstrated in psychology and physiology.
Females are two to three times more likely to develop mental disorders
such as depression or anxiety disorders (Kessler et al., 2005). In addi-
tion to the sex differences in the incidence of depression, males and
females may also experience different symptoms. Furthermore, men are
less likely to seek treatment, and the efficacy of certain types of anti-
depressants is dependent on sex (Martin, et al., 2013; Sramek, et al.,
2016). In addition, both clinical observations and experimental findings
in humans have provided compelling evidence that inflammatory re-
sponses markedly differ across sexes, with women showing a more
pronounced pro-inflammatory profile during experimental immune
challenge and naturally occurring infections (Klein, et al., 2010; Klein,
2012). BMI is known to increase levels of inflammation, likely in-
creasing KYN and TRP levels, since BMI in male patient was greater
than female in this study (de Heredia et al., 2012; Favennec et al.,
2016).

5. Limitations

Several limitations should be considered when interpreting these
results. First, the ability to interpret the comprehensive causal re-
lationships between cognitive performance and KYN pathway meta-
bolism from the results of this cross-sectional investigation is limited.
Second, the study lacked the quantification of several useful biological
variables, such as 3-HK and QUIN, other products of KYN metabolism;
related rate-limiting enzyme such as IDO; and measurements of their
causative factors such as pro-inflammatory factors. Future studies in-
cluding these biological variables would better illuminate the con-
tribution of KYN pathway metabolites to cognitive performance than
the current results. Third, most of the patients were receiving various
psychiatric medications and had suffered from illness for a long time
when they entered the study, potentially affecting the KYN pathway.
Whether similar KYN pathway changes would also occur in first-episode
un-medicated patients remains unknown. Fourth, kynurenine metabo-
lites were determined in peripheral blood rather than cerebrospinal
fluid (CSF). Since changes in central KYN pathway functioning was

considered not identical to changes in peripheral KYN pathway func-
tioning, although high correlations were found between CSF and
plasma KYN as well as CSF and plasma QUIN in patients with hepatitis
C (Raison et al., 2009).

6. Conclusions

Our results showed that worse learning function and speed of pro-
cessing in female MDD was associated with increased KYN levels and
KYN/TRP ratio, suggesting that the KYN pathway may be involved in
the pathological mechanism of neurocognitive function in female MDD.
The KYN pathway of TRP metabolism could be considered a novel
target and a valuable pharmacological strategy in the prevention and
treatment of depression and for improving cognitive performance as-
sociated with depression.
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