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1. Introduction
During the last decade, significant interest has grown to unveil how the central nervous system 

(CNS) interacts with the immune system in psychiatric disorders. This became more evident in 

schizophrenia as Sekar et al. (2016) found a strong genetic association within the major histocompatibility 

complex locus that was in part explained by alleles of complement component 4, which led to a varying 

expression of C4a and C4b in the brain and may partially explain the observed changes in synaptic pruning 

and reduction of synaptic density. It is also well-established that the pathophysiology of major depressive 

disorder (MDD) involves multiple layers of neuroimmune interaction ranging from the hypothalamic-

pituitary-adrenal axis (Menke, 2019) to increases in pro-inflammatory cytokines that impair neuroplasticity, 

neurogenesis, and the dynamics of regional neurotransmission (Wohleb et al., 2016).

Bipolar disorder (BD) is a chronic and pervasive mental illness that affects between 1 to 3% of the 

population worldwide (Pedersen et al., 2014) characterized by prolonged episodes of depression alternated 

with elevations of mood that may induce psychosis in both polarities of its presentation. Although the 

mechanisms involved in mania and depression are largely unknown, they seem to be related to neuro-

inflammatory pathways (Modabbernia et al., 2013) and changes in tryptophan metabolism (Sellgren et al., 

2016). Besides, as BD shares clinical features and neurobiology with schizophrenia (SCZ) and MDD, further 

investigation of the BD phenotype may provide insights into the dynamic changes of the neuroimmune axis 

in psychiatric illness.

When considering the interface among neurotransmitter systems, neuroplasticity, and immune 

response, the kynurenine pathway emerges as an interesting candidate. In humans, it is responsible for 

the degradation of up to 95% of unbound tryptophan (Wolf, 1974) to generate tryptophan catabolites 

(TRYCATs), also known as kynurenines. Even though this pathway mainly produces nicotinamide adenine 

dinucleotide as its end product to participate in energetic processes at a cellular level (Savitz, 2020), many 

of its byproducts have a neuroactive function and are largely regulated by cytokines.

Two kynurenines received special attention in mental health due to their connection to N-methyl-

D-aspartate (NMDA) receptors and glutamatergic neurotransmission (Figure 1). Kynurenic acid (KYNA) is 

largely produced by kynurenine aminotransferases (KAT) using L-kynurenine as a substrate. It is a known 

negative allosteric modulator of the α7-nicotine receptor with antagonist properties in the NMDA receptor, 

which confers neuroprotective activities by competitively inhibiting glutamate receptors (Savitz, 2020). 

Through another set of enzymes, L-kynurenine may generate quinolinic acid (QUINA), a potent NMDA 

receptor agonist that was linked to multiple detrimental effects in neuronal cells through oxidative stress 

and excitotoxicity. TRYCATs have also been implicated in tumor progression, type 2 diabetes mellitus, and 

modulation of both immune and inflammatory responses (Cervenka et al., 2017), most notably regulated 

by proinflammatory cytokines such as TNF-α and IL-1β, as well as toll-like receptor (TLR) agonists such as 

Lipopolysaccharide (LPS), which enhances indoleamine-2,3-dioxygenase (IDO) expression.
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Recent studies identified associations between altered levels of TRYCATs and genetic 

polymorphisms in SCZ (Holtze et al., 2012; Wonodi et al., 2014), BD  (Lavebratt et al., 2014; Sellgren et 

al., 2016), and MDD (Claes et al., 2011; Liu et al., 2018). Also, meta-analyses suggested that levels of 

TRYCATs may be altered in these psychiatric diseases when compared to healthy controls (Erhardt et al., 

2017; Marx et al., 2020; Plitman et al., 2017; Wang and Miller, 2017) and although these studies tried to 

identify the roles of kynurenines in mental illness, they ultimately faced a significant amount of unexplained 

heterogeneity and key questions remain largely unanswered in the field, especially as none of them 

paralleled the kynurenine system with its complex neuroimmune interplay.

This meta-analysis aims to identify clinical studies that measured levels of tryptophan catabolites 

from participants diagnosed with type 1 BD against healthy controls while contrasting the observed changes 

with shared clinical features observed during a depressive episode of MDD and active psychosis of 

schizophrenia by adjusting to neuroimmune factors if these are available.
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2. Methods
2.1   Study Selection
We screened original cross-sectional and longitudinal studies that compared blood, serum, plasma, 

or cerebrospinal fluid (CSF) levels of TRYCATs from healthy controls aged 18 or older to adult participants 

who had a primary diagnosis of type 1 bipolar disorder, schizophrenia, or MDD without comorbid psychiatric 

diagnoses unless separate data for these diseases was available or obtained after contacting the authors. 

Ratios of TRYCATs and levels of cytokines that influence the kynurenine pathway were also extracted 

when available.

Studies that solely examined tryptophan levels were not included, and we excluded studies for 

meta-analysis that: a) solely measured metabolites from post-mortem, in vitro, or cell culture methods; b) 

did not use a validated semi-structured interview or at least one questionnaire with an appropriate cutoff for 

the diagnosis of type 1 bipolar disorder, schizophrenia, or major depressive disorder; c) pertained to a 

specific subset diagnosed with a specific medical disorder (e.g. infections with HIV, hepatitis C, or coronary 

artery disease) or included pregnant women, as these populations may introduce unique grouping factors 

that limit the generalizability of the comparisons; or d) included participants who had an active/recent 

infection or an inflammatory disease (e.g. systemic lupus erythematosus, rheumatoid arthritis).

Eligible published studies were identified using PubMed/MEDLINE, EMBASE, PsycINFO, 

Cochrane, and Web of Knowledge databases from inception through April 9th, 2018. No country or language 

restrictions were applied. A comprehensive description of our protocol, including the search strategies and 

formulas used to convert outcome measures, can be found in Supplementary Report S1.

This systematic review and meta-analysis followed the recommendations made by the PRISMA 

statement (Moher et al., 2009). Therefore, two independent authors (PMGS and ES) screened each 

retrieved abstract for eligibility. If a consensus could not be established, a third author decided about its 

eligibility (RC). After this, we obtained the full text and supplements of each study when applicable. 

Disagreements were resolved through consensus with a fourth author (MP). Additional references were 

also manually searched using Google Scholar citation tracking from studies that passed the secondary 

screening phase, as well as from relevant reviews.
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2.2   Quality Assessment and Data Analysis
Although this meta-analysis primarily aimed to explore changes in levels of biomarkers and not 

clinical interventions, we performed a quality assessment based on principles of the risk of bias in 

nonrandomized studies of interventions tool (ROBINS-I) from the GRADE workgroup (Schünemann et al., 

2019) and the Cochrane collaboration group (Higgins and Green, 2011).

We used Comprehensive Meta-Analysis version 3.0 to analyze the data with Hedge’s in a random-

effects model as the measure for effect sizes, which were classified as small (g=0.2), moderate (SMD=0.5), 

or large (g=0.8). A p<0.05 was used for statistical significance. We estimated heterogeneity from effect 

sizes by calculating χ2 based on Cochran’s Q-statistics, from which I2 was derived. I2 values of 25%, 50%, 

and 75% defined low, moderate, and high levels of heterogeneity (Higgins et al., 2003). However, values 

of I² were individually interpreted depending on the size and direction of effects, as well as the strength of 

evidence for heterogeneity, which was scrutinized through subgroup analyses. Pre-planned meta-

regressions were conducted to investigate the role of moderators influencing levels of TRYCATs, as 

established by our protocol. We only performed meta-regression if ten or more studies were available 

(Higgins and Green, 2011). Also, sensitivity analyses were performed by removing one study at a time to 

identify outliers and evaluate their impact on overall effect sizes. Publication bias was assessed with funnel 

plots and Egger’s regression intercept. If relevant risk of publication bias was found, we estimated the 

amount of change generated by missing studies using the trim-and-fill procedure (Duval and Tweedie, 

2000).
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3. Results
The search strategy yielded a total of 1,779 original studies, of which 1,343 were screened after 

removing duplicates and including additional studies found through reference lists and reviews (Figure 2). 

After the secondary screening, a total of 38 studies were included in this systematic review, and 36 studies 

were included in the meta-analysis, as only one study met the inclusion criteria for bipolar mania or 

euthymia. Detailed reasons for exclusion were reported in Supplementary Table S1. Qualitative and 

quantitative results of the overall analyses were depicted in Table 1, Supplementary Figure 1, and 

Supplementary Report S2 for all conditions.

3.1   Major Depressive Disorder
A total of 22 studies compared levels of TRYCATs from patients diagnosed with MDD against 

healthy controls (Table 2). 

3.1.1   Tryptophan and Kynurenine
When compared to healthy controls, participants diagnosed with MDD had moderately decreased 

levels of tryptophan (g= -0.40 [-0.72 to -0.07]; p=0.016) associated with a moderate increase in 

kynurenine/tryptophan ratios (g=0.41 [0.09 to 0.73]; p=0.013) but no significant difference in absolute levels 

of kynurenine, all of which had significant heterogeneity (I2>75%).

Studies that used a semi-structured interview for the diagnosis of MDD found a small (g= -0.29 [-

0.51 to -0.08]; p=0.007), but still heterogenous decrease in tryptophan levels, while studies that did not use 

it had a non-significant trend for that decrease. Also, studies that tested serum, instead of plasma, seemed 

to have a more prominent decrease in tryptophan with similar heterogeneity (Supplementary Table S2). A 

non-significant trend for larger, but still highly heterogeneous increase of kynurenine/tryptophan ratios was 

observed in studies that did not use a semi-structured interview for the diagnosis of MDD. This contrasted 

with the smaller, but more homogenous increase when a semi-structured interview was used. Similarly, the 

increase of the ratio had a non-significant trend to be increased in more severe forms of MDD while still 

having significant heterogeneity. Statistically significant results were reached in moderate severity (g=0.3 

[0.15 to 0.45]; p=<0.001) with more homogenous results. Studies that collected plasma kynurenine and 

tryptophan found a small, but less heterogeneous increase in the ratio when compared with serum. Even 

though no differences in levels of kynurenine were found in the overall analysis, studies that diagnosed 

MDD using a semi-structured interview found a small homogenous decrease of kynurenine levels in MDD 

when compared with healthy controls, with a less heterogeneous but non-significant trend when analyzing 

plasma levels. 

No identifiable covariates significantly explained the variance observed in effect sizes of kynurenine 

during meta-regression. However, having older participants diagnosed with MDD increased the effect sizes 
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of kynurenine/tryptophan ratios (Slope=0.07 [0.01 to 0.14], p=0.017) while this covariate explained 43% of 

the between-study variance of the 12 studies included (Supplementary Table S3).

Effect sizes of studies that investigated kynurenine seemed to be asymmetrically biased towards 

finding increased levels in MDD. By using the trim-and-fill method, 4 studies were inputted and revealed a 

moderate decrease of kynurenine in MDD when compared with healthy controls (g= -0.38 [-0.68 to -0.08]). 

No significant asymmetry was found in the funnel plot analysis of studies that investigated tryptophan or 

kynurenine/tryptophan ratios. However, less than 10 studies were available for the latter, which limits the 

power of the funnel plot analysis (Higgins and Green, 2011).

3.1.2   Kynurenic Acid and Quinolinic Acid
Patients diagnosed with MDD had moderately decreased levels of KYNA (g= -0.42 [-0.63 to -0.20]; 

p<0.001) and KYNA/QUINA ratios (g= -0.58 [-0.83 to -0.32]; p<0.001), which respectively had high and 

moderate heterogeneity. No significant changes were found in levels of QUINA or 3-Hydroxyanthranilic acid 

(3-HAA).

Participants with severe forms of MDD had a gradient decrease of KYNA when compared with 

controls (g= -0.74 [-1.17 to -0.32]; p=0.001), even though heterogeneity remained high. Moderate forms of 

MDD had a small (g= -0.24 [-0.44 to -0.05]; p=0.016), but a more homogenous decrease in KYNA levels, 

which suggests the existence of a gradient reduction of KYNA when grouping by severity. This reduction 

was particularly noted in participants diagnosed with MDD according to DSM-IV criteria in studies that did 

not exclude comorbid general medical conditions in results that were still highly heterogeneous. Finally, 

although studies that measured serum levels of KYNA found milder decreases in KYNA, these results had 

almost no heterogeneity when compared with studies that measured plasma KYNA levels.

In the meta-regression analysis, it was found that studies with a smaller percentage of female 

participants had larger differences in levels of kynurenic acid when comparing MDD against controls 

(Slope=1.92 [0.18 to 3.67], p=0.030) while explaining 14% of the between-study variance among the 14 

studies. Also, age differences between MDD participants and healthy controls explained 52% of the 

between-study variance (Slope= -0.08 [-0.13 to -0.03], p<0.001), and most studies have compared younger 

controls to older participants diagnosed with MDD.

Studies that did not exclude patients diagnosed with general medical conditions found much lower 

ratios of KYNA/QUINA, but these results were more heterogeneous. In moderate severity, larger 

heterogeneous reductions of the ratio were observed (g= -0.73 [-1.17 to -0.3]; p=0.001), which contrasted 

with smaller, but mostly homogenous reductions observed when general medical conditions were ruled out. 

Interestingly, studies that collected serum levels of QUINA found a small homogenous increase of these 

levels when compared with plasma, which was not initially evident in the overall analysis.
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Funnel plot analysis indicated that studies that investigated levels of QUINA seemed to be biased 

towards having increased levels of QUINA in MDD. By using the trim-and-fill method, 3 studies were 

inputted and suggested there was still no significant difference in QUINA levels of MDD when compared 

with healthy controls. No significant asymmetry was found in studies that investigated KYNA or the ratio 

KYNA/QUINA. However, less than 10 studies were available for the latter, which limits the power of this 

analysis.

3.1.3   3-Hydroxy-Kynurenine (3-HK) and 3-Hydroxyanthranilic acid (3-HAA)
No significant changes were observed in levels of 3-HK when comparing MDD against healthy 

controls, which also had no significant heterogeneity. It was not possible to conduct subgroup analysis or 

meta-regression in 3-HK and 3-HAA due to the limited number of studies. Although no significant 

asymmetry was found during the funnel plot analysis of 3-HK or 3-HAA, its power was limited due to the 

number of studies available.

3.2   Schizophrenia
A total of 14 studies compared levels of kynurenines in patients diagnosed with schizophrenia 

against healthy controls (Table 3).

3.2.1   Tryptophan and Kynurenine
When compared with healthy controls in the overall analysis, participants diagnosed with 

schizophrenia had no significant changes in levels of kynurenine or tryptophan, kynurenine, or 

kynurenine/tryptophan ratios, and these results were largely heterogeneous.

Kynurenine studies found effect sizes in opposing directions after being grouped by continent, with 

increased levels of kynurenine in Europe (g=1.96 [0.76 to 3.17]; p=0.001), mixed results in Asia (g= 0.81 [-

5.84 to 7.47]; p=0.811), and decreased levels in North/South America (g= -0.44 [-0.75 to -0.13]; p=0.006). 

Curiously, studies of KYNA in schizophrenia also found opposing directions of effect sizes depending on 

the sample source, with increased levels of KYNA in SCZ when collected from the CSF (g=0.62 [0.14 to 

1.11]; p=0.011) and decreased levels when collected from serum/plasma (g= -0.52 [-0.77 to -0.28]; 

p<0.001). No significant grouping factors were found in tryptophan studies of schizophrenia (Supplementary 

Table S4), and there was an insufficient number of studies to conduct meta-regression on metabolites of 

the schizophrenia analysis.

Effect sizes of studies that investigated kynurenine seemed to be asymmetrically biased towards 

increased levels in schizophrenia using funnel plot analysis, especially in smaller studies. By using the trim-

and-fill method, 4 studies were inputted and suggested a decrease of kynurenine in schizophrenia when 
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compared with healthy controls (g= -1.14 [-2.34 to 0.07]). Similarly, studies that investigated tryptophan 

seemed to be biased towards increased levels of tryptophan in schizophrenia. By using the trim-and-fill 

method, 3 studies were inputted and suggested decreased levels of tryptophan in schizophrenia (g= -1.19 

[-2.39 to 0.01]).

3.2.2   Kynurenic Acid, Quinolinic Acid, and 3-Hydroxy-Kynurenine (3-HK)
No significant changes were observed in levels of KYNA, and these results were highly 

heterogeneous. Smaller studies seemed to be biased towards finding increased levels of QUINA in 

schizophrenia. By using the trim-and-fill method, 1 study was inputted and did not significantly change the 

overall effect size. Similarly, no significant changes in levels of QUINA were identified in results that were 

also highly heterogeneous. As only two studies investigated levels of QUINA in SCZ, it was not possible to 

perform a funnel plot analysis. No significant changes were observed in levels of 3-HK, which also had 

highly heterogenous results. Removing the study from Myint et al (2011) decreased the heterogeneity of 3-

HK studies from an I2 of 83.4 to 17.0%. with no significant changes in the overall effect size. No significant 

grouping factors were identified in studies of 3-HK. Although no significant asymmetry was found during a 

funnel plot analysis of 3-HK, less than 10 studies were available, which limits the power of funnel plots for 

this detection.

3.3   Bipolar disorder
A limited number of studies evaluated levels of kynurenines in type 1 bipolar disorder. Of the 5 

studies available (Table 4), only 3 studies examined participants in acute bipolar depression with an 

average sample size of 41, age 36.6, consisting of 67.3% female participants with a mean body mass index 

(BMI) of 28.3. Only 3 studies evaluated participants that met the criteria for bipolar depression with an 

average HAM-D score of 23 (moderate depression). No studies were gender/age-matched, and none 

reported the percentage of smokers.

3.3.1   Bipolar depression
Participants who met criteria for depression in bipolar disorder had a significant decrease of KYNA 

levels (g= -0.79 [-1.25 to -0.34]; p=0.001), as well as mildly decreased levels of 3-HK (g= -0.30 [-0.58 to -

0.03]; p=0.032) and kynurenine (g= -0.45 [-0.72 to -0.19]; p =0.001). Although a trend for decreased levels 

of tryptophan was observed, it did not reach statistical significance. Significant heterogeneity was observed 

in studies that evaluated tryptophan in bipolar depression, but not 3-HK or kynurenine. Studies of KYNA 

had moderate heterogeneity. It was not possible to perform meta-regression or funnel plot analyses due to 

the limited number of studies. No significant differences were found in the two studies that collected QUINA 

in bipolar depression.
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3.3.2   Bipolar mania
The study of Myint et al. (2007a) examined plasma levels of kynurenines in South Korean manic 

participants with a diagnosis established by the Structured Clinical Interview for DSM-IV and an average 

YMRS score of 34.5 ± 9.7. They included a balanced control sample of 50% females that was about the 

double size of bipolar participants, who were mostly females (61.5%) of similar age and BMI either 

medication-naïve or medication-free for at least 4 months. Manic participants had a moderate baseline 

decrease of tryptophan (g= -0.69 [-1.08 to -0.30]; p=0.001) and KYNA (g= -0.55 [-0.93 to -0.16]; p=0.006) 

while having a significant decrease of the ratio of tryptophan over amino-acids that compete for CNS 

transporters (e.g., tyrosine, valine) and have an influence in brain serotonin biosynthesis (g= -1.06 [-1.05 

to -0.46]; p<0.001). No significant differences were found in plasma levels of kynurenine, 3-HAA, or the 

ratios of KYNA/kynurenine or kynurenine/tryptophan.

3.3.3   Bipolar euthymia
The Austrian study of Reininghaus et al. (2014) examined serum levels of kynurenines in euthymic 

participants with a diagnosis of bipolar disorder established by the Structured Clinical Interview for DSM-

IV. Their sample had a mean age of 46 ± 14 and 35 ± 12 for participants diagnosed with bipolar disorder 

and controls respectively, who were mostly overweight and in stable doses of mood stabilizers while 

allowing antidepressants and benzodiazepines to be prescribed according to clinical symptoms. 

Participants diagnosed with bipolar disorder had a large increase in kynurenine levels (g=0.71 [0.43 to 

0.99]; p<0.001) and moderate increase of the kynurenine/tryptophan ratio (g=0.64 [0.36 to 0.92]; p<0.001). 

During a subgroup analysis in their overweight sample, they found an even larger increase in levels of 

kynurenine in bipolar disorder (g=0.77 [0.41 to 1.13]; p<0.001) but a less prominent increase in the 

kynurenine/tryptophan ratio (g=0.55 [0.20 to 0.90]; p=0.002) when compared with overweight healthy 

controls. However, when comparing overweight participants diagnosed with bipolar disorder against their 

normal-weight counterparts, a large increase in kynurenine levels (g=0.79 [0.30 to 1.29]; p=0.002) and the 

ratio of kynurenine/tryptophan (g=0.96 [0.46 to 1.46]; p<0.001) was evident, which points to a link between 

tryptophan breakdown, IDO activity, and immune/neuroendocrine networks according to the authors.



12

4. Discussion
Participants diagnosed with MDD had decreased levels of tryptophan associated with moderate 

increases in their kynurenine/tryptophan ratio (Table 1). These findings suggest that the absolute reduction 

of tryptophan levels was responsible for the increment in this ratio either by malabsorption, increased 

utilization and breakdown, or less likely excessive excretion of tryptophan (Figure 3). Similar findings were 

reported by Pu et al, who meta-analyzed a large set of blood metabolites in MDD and found decreased L-

tryptophan and kynurenic acid levels with alterations in fatty acid metabolism pathways (Pu et al., 2020). A 

trend for decreased levels of tryptophan was also observed in bipolar depression, although it did not reach 

statistical significance. Levels of kynurenine were significantly decreased in bipolar depression, which was 

also accompanied by a small, but unique reduction in 3-HK. 

Although levels of kynurenine were indistinguishable when comparing MDD with healthy controls, 

a careful funnel plot analysis suggests that kynurenine studies were asymmetrically biased towards finding 

increased levels in MDD, which raises the possibility that kynurenine levels could be moderately decreased 

in MDD if more studies were available, as suggested by simulating unpublished studies using the trim-and-

fill method. Similarly, a funnel plot analysis also indicated that smaller studies in schizophrenia were more 

likely to find increased levels of kynurenine and tryptophan. The simulated input of unpublished studies 

using the trim-and-fill method also raised the interesting possibility that levels of both tryptophan and 

kynurenine could be reduced in schizophrenia, which goes in consonance with what was observed in 

unipolar and bipolar depression. Both unipolar and bipolar depression shared the observed reduction of 

KYNA levels, which was more prominent and less heterogenous in bipolar depression. However, as only 3 

BD studies met the inclusion criteria for this analysis, these results need to be taken with caution. Given 

these unique findings, where did the tryptophan go?
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4.1   Tryptophan shunt and the gut-brain axis
4.1.1   Understanding tryptophan and its functions
Tryptophan is a large essential amino acid that is catabolized through distinct pathways to a variety 

of products involved in immune responses, inflammation, and neurotransmission (Figures 3 and 4). Both 

tryptophan absorption and its transformation are largely dependent on a harmonic relationship between the 

enteric microbiome and the enteric mucosa, which functions as a “virtual organ” due to its numerous 

endocrine functions and significant role in the crosstalk between gastrointestinal and the immune systems 

via inflammatory modulation (Clarke et al., 2014).

After being ingested from dietary sources, tryptophan reaches the intestinal lumen and is either 

transported to the bloodstream or locally processed through three distinct pathways (Agus et al., 2018): 

transformation to aryl hydrocarbon receptor (AHR) ligands by the gut microbiota, kynurenine pathway 

metabolites (via immune and epithelial cells), and serotonin by enterochromaffin cells. Levels of AHR 

ligands directly influence the renewal of epithelial lining and the activity of T lymphocytes, macrophages, 

and neutrophils (Schiering et al., 2017), whereas serotonin largely influences peristaltic activity, secretion, 

and vasomotor functions of the gastrointestinal system (Stasi et al., 2019).

4.1.2   The roles of the aryl hydrocarbon receptor in the gut-brain axis
Recent studies have explored the interplay of host-microbiota factors in the serotonin-kynurenine 

dyad. Among its many elements, AHR received special attention, given its pivotal role in integrating 

environmental and dietary cues to microbial activity, inflammation, and a variety of metabolic functions 

across the gut-brain axis. AHR regulates the activity of NF-κB signaling complex members both directly and 

indirectly via suppression of cytokine signaling 2 (SOCS2) and activation of signal transducer and activator 

of transcription (STAT) proteins that are intrinsically involved in the regulation of inflammatory responses, 

while also modulating epigenetic chromatin remodeling via histone methylation and acetylation 

(Rothhammer and Quintana, 2019).

The breakdown of tryptophan via the kynurenine pathway is a major source of AHR ligands, 

especially by the commensal intestinal microbiota. Among these, tryptophanase-positive bacteria generate 

indole compounds capable of crossing the blood-brain barrier (BBB) and limiting CNS inflammation by 

regulating the delicate crosstalk between astrocytes and the microglia, depending on the basal 

inflammatory tonus conferred by type-1 interferons. Locally, AHR agonists are also responsible for the 

maintenance of a healthy intestinal lining, while the excessive expression of AHR has been observed in 

certain inflammatory and neoplastic conditions (Metidji et al., 2018). AHR agonists also influence the 

metabolism of melatonin, potentially via changes in mitochondrial genes and functioning, which may lastly 

modulate immune function, mood, and cognition in MDD (Anderson, 2018).
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4.1.3   Connecting host microbiota to inflammation: Which factors drive the shunt of 
tryptophan?

The intestinal microbiota also directly influences the local expression of IDO-1 (Acovic et al., 2018), 

and IDO-1 is both the rate-limiting factor and main driving force for the conversion of tryptophan to 

TRYCATs via the kynurenine pathway at a systemic level (Fatokun et al., 2013). Regulatory mechanisms 

for IFN-γ-mediated IDO induction can also synergize with other proinflammatory cytokines (e.g., TNF-α and 

IL-1β) and toll-like receptor (TLR) agonists such as LPS to increase its downstream metabolites (Grayfer 

et al., 2014). TNF-α induces IDO expression by increasing both STAT-1 activation and NF-κB-dependent 

IRF-1 expression (Pugazhenthi et al., 2013), while NF-KB can also lower the threshold for IDO induction 

via IFN-γ stimulation (Robinson et al., 2006). As the increased expression of IDO facilitates the production 

of TRYCATs and shifts the balance from the 5-HT to the kynurenine pole of this metabolic pathway, this 

enzyme is pivotal when analyzing influencing factors that determine the shunt of tryptophan (Figure 3).

IFN-γ regulates both innate and adaptive immune responses. For example, it facilitates bactericidal 

activity of phagocytes and antigen presentation through class I and class II major histocompatibility complex 

(MHC) molecules (Boehm et al., 1997). Together with other cytokines, under physiologic conditions, IFN-γ 

regulates the activation of immune responses to pathogens and so-called danger signals (e.g., trauma) 

(Lee and Ashkar, 2018). IFN-γ is also another key driver of tryptophan catabolism. It induces the 

transcription of IDO-1 while decreasing tryptophan dioxygenase (TDO), effectively shifting tryptophan 

catabolism from the liver to regions that are actively expressing IDO-1, most importantly lymphoid tissues. 

This culminates with the development of regions undergoing tryptophan starvation (i.e., tryptophan shunt 

to sites outside of the CNS). As the availability of tryptophan is one of the limiting factors in the production 

of 5-HT, there is a decreased utilization of 5-HT in these areas, especially if IDO is overly activated to 

produce TRYCATs by additional factors (Raison et al., 2010).

4.1.4   Cytokine patterns in the schizoaffective spectrum
Goldsmith et al. (2016) found unique dynamic changes occur in levels of cytokines of participants 

diagnosed with MDD, schizophrenia, and bipolar disorder depending on illness state (acute vs. chronic) 

and the initiation of proper treatment. When acutely ill patients were compared against healthy controls, 

they found increased levels of IL-6, TNF-α, and IL-1 receptor antagonist (IL-1RA).  IL-1RA levels increase 

when IL-1 levels are high suggesting that this proinflammatory cytokine is also increased in these disease 

states. Interestingly, soluble IL-2R levels were also found to be elevated, a finding consistent with 

inflammatory states because of T cell activation. With proper treatment of schizophrenia and MDD, levels 

of IL-6 were decreased with no changes in TNF-α levels, while soluble IL-2R levels were increased in SCZ 

but unaltered in bipolar mania or MDD, which contrasts with the uniquely decreased levels of IL-1 receptor 

antagonist in bipolar mania. Parallel to this, chronically ill patients had elevated levels of IL-6 in all three 
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conditions while soluble IL-2 receptor and IL-1β levels were uniquely significantly elevated in schizophrenia 

and bipolar disorder. 

4.1.5   In MDD, tryptophan starvation seems to occur due to conversion to TRYCATs or other 
energetic substrates

Once it crosses the intestinal epithelium, most of the human tryptophan binds to plasma albumin 

and enters the portal circulation to undergo hepatic metabolization by TDO. Although its apoenzyme has a 

half-life of approximately two hours, TDO breaks down most of the endogenous tryptophan under 

physiologic conditions (Badawy, 2017) and serves as the gatekeeper for tryptophan availability to 

extrahepatic regions. As described by Badawy, TDO activity is largely influenced by tryptophan availability, 

estrogen, and glucocorticoid levels by different mechanisms. For instance, a state of tryptophan abundance 

enhances the activity of TDO via both stabilization and activation of its enzymatic activity and normal 

synthesis, while glucocorticoids uniquely enhance de novo transcription of TDO.

As tryptophan is converted to kynurenine in the bloodstream (Figure 3), it is metabolized via distinct 

pathways to produce KYNA or energetic substrates like ATP and nicotinamide adenine dinucleotide (NAD) 

via two sets of enzymes known as kynurenine aminotransferases (KAT) and kynurenine 3-monooxygenase 

(KMO), respectively.

In MDD, KYNA levels were decreased when compared with healthy controls with no consistent 

changes in levels of QUINA. Not surprisingly, a reduction of KYNA/QUINA ratios was also present, which 

points either to a decreased production or increased utilization and breakdown of KYNA at the cost of a 

reduction in TRP. As levels of the remaining catabolites were unchanged when comparing patients against 

controls, the possibility of increased utilization and breakdown seems to be the most logical.

4.2   Can TRYCATs modulate NMDA neurotransmission and be therapeutic?
No significant changes in levels of TRYCATs were observed in participants diagnosed with SCZ 

when compared with healthy controls in the overall analysis. However, grouping factors did reveal opposing 

directions of TRYCATs depending on the region where the study was conducted or the source where 

samples were collected, with increased levels of KYNA in SCZ when collected from the CSF and decreased 

when collected from serum/plasma.

Tryptophan competes with other large amino acids to cross the BBB (Fernstrom, 1977), which is a 

key limiting factor to determining tryptophan, and lastly serotonergic availability in the CNS, as most of the 

5-HT synthesis occurs locally in the CNS and is highly dependent on a state of relative tryptophan 

abundance (Gal and Sherman, 1980). Only negligible levels of KYNA and QUINA cross the BBB (Fukui et 

al., 1991), and about 60% of kynurenine comes from the periphery. Therefore, most of the CNS KYNA is 
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locally produced by astrocytes under physiologic conditions, whereas microglia and macrophages mainly 

generate QUINA. However, under a state of increased neuroinflammation, over 98% of the kynurenine 

available in the CNS is derived from local production (Kita et al., 2002), a process that is fine-tuned by 

cytokines and depends on the cell’s enzymatic portfolio at the regional level (e.g., astrocytes tend to 

produce more KYNA due to their lack of KMO enzymes whereas microglia and macrophages mainly 

generate QUINA – Figure 4).

As previously discussed, enzymes from the kynurenine pathway are expressed differently in a 

uniquely dynamic distribution throughout the body, both SCZ and affective disorders seem to have blood-

brain barrier impairment and unique inflammatory changes (Orlovska-Waast et al., 2019). In our meta-

analysis, no studies on CSF levels of either bipolar or unipolar depression met inclusion criteria.



17

5.   Limitations

Because stringent criteria were used to include solely individuals diagnosed with type-1 bipolar 

disorder, only a limited number of eligible studies with bipolar disorder were included in this meta-analysis. 

Our goal was to avoid the inclusion of phenocopies and strategically decrease the amount of unexplained 

heterogeneity in the overall models, as there is increasing evidence suggesting a biological overlap 

between unipolar and bipolar depression in what is known as the bipolar spectrum, whereas type-1 bipolar 

disorder seems to be closely related to schizophrenia at a genomic level (Gordovez and McMahon, 2020; 

Markota et al., 2018). In addition, there is an extensive debate on how to identify and partition mixed 

features of MDD, which may partially explain the partial overlap observed between MDD and BD.

Although this study initially aimed to parallel shared pathophysiologic mechanisms in BD, MDD, 

and schizophrenia along with the neuroimmune axis and inflammation, the limited number of available 

studies precluded drawing stronger parallels to explain these interactions. Also, as only transversal data 

were included in this analysis, it is not possible to directly infer causality, especially given how 

heterogeneous the available literature in TRYCATs is. An alternative approach was used by Marx et al. 

(2020) in their meta-analysis. The authors used less stringent criteria and included participants diagnosed 

with any form of bipolar disorder (i.e., type 2, treatment-resistant, and not otherwise specified BD), which 

was reflected in the overlapping patterns of TRYCATs between MDD and bipolar disorder in their results. 

They have also included studies that solely investigated tryptophan without its downstream catabolites, 

which may have introduced significant heterogeneity due to varying assay methodologies, not to mention 

the risk for publication bias as discussed in their results for tryptophan in MDD. Finally, studies without a 

semi-structured interview or screening instrument with a valid cut-off for the diagnosis of schizophrenia 

were also included in their analysis, as well as individuals having psychosis due to reasons other than 

schizophrenia, not to mention results that were influenced by the administration of L-tryptophan and 

geriatric populations of MDD with memory deficits, all of which increased the number of total studies 

included at the cost of introducing heterogeneity. 
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6. Conclusions

This meta-analysis strongly supports the tryptophan shunt hypothesis in MDD, as levels of 

tryptophan and KYNA were significantly decreased when compared with healthy controls. After controlling 

for multiple factors using stringent inclusion criteria, these data suggest that patients diagnosed with MDD 

may have increased utilization and breakdown of TRP and KYNA, as no consistent changes in levels of 

QUINA, KYN, or 3-HK were observed when compared against controls, which may lastly be connected to 

downstream disturbances of neuronal energetic metabolism. Although there seemed to be a shared 

reduction in levels of KYNA in both bipolar depression and MDD, kynurenine levels may be uniquely 

decreased in bipolar depression. However, as only a few studies met inclusion criteria for BD, these 

conclusions need to be taken with caution while also highlighting the need for further investigation.

Higher-quality studies controlled sample storage temperatures, blood collection times, and 

standardized sample preparation by removing outliers that do not follow pre-specified quality metrics while 

also following a cohort model, which assists with diagnostic stability and decreases heterogeneity. Future 

studies on the kynurenine pathway may benefit from adjusting their analyses to tryptophan conversion 

ratios (KYNA/TRP), activity levels of key enzyme isoforms (IDO, KAT, and KMO), as well as levels of 

strategic cytokines (TNF-α, IFN-γ, IL-1β, IL-1, IL-2, and IL-6) when evaluating the extent of shunt occurring 

in tryptophan dynamics in the periphery compared to the CNS. Also, our results suggest that publication 

bias and the influence of small studies may have masked the evidence of decreases in levels of kynurenine 

and tryptophan in SCZ, and the limited number of studies investigating bipolar disorder with psychotic 

features precluded us from conducting comparative analyses among these conditions.

Schizophrenia, MDD, and BD may share similar patterns of changes in TRYCATs driven by 

crosstalk between inflammatory and immune responses that range from the gut to the brain systemically; 

perhaps corresponding as a proxy marker of changes in neuroplastic activity. These factors may help to 

explain cognitive symptoms and vulnerability to mood episodes and states of psychosis observed in these 

conditions, given the close relationship between KP, serotonin, and NMDA neurotransmission along with 

neuronal energetic processes, being the modulation of KP a promising target for drug discovery, therapy, 

and monitoring of severe mental illness once the intricate neurobiological underpinnings of these processes 

are further elucidated.
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Table 1 – Effect sizes of TRYCATs in the schizoaffective spectrum

Metabolite Bipolar 
Depression MDD Schizophrenia

Tryptophan Trend for ↓ ↓↓ No difference#

Kynurenine ↓↓ No 
difference# No difference#

KYNA ↓↓↓ ↓↓

Opposing 
directions:

__↑↑CSF__
↓↓Periphery
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3-HK ↓ No 
difference No difference

QUINA No difference No 
difference No difference

Table 1 summarizes the effect sizes when comparing levels of tryptophan catabolites 

(TRYCATS) of patients diagnosed with type-1 bipolar disorder in acute depression, 

major depressive disorder (MDD), and schizophrenia. Available data from bipolar 

disorder in euthymia and mania were systematically reviewed in the results section.

Table 2 – Demographic characteristics of the included studies for Major 
Depressive Disorder

Mean Age ± 
SD

(% Females)
Autho

r
(Year)
Count

ry

Sam
ple

MDD 
| HC MDD HC

Diagn
ostic
Syste

m

Semi-
Struc
tured
Interv
iew

Scree
ning

Instru
ment

Score
s

(Mea
n±SD

)

Currentl
y using 

Antidepr
essants

(% of 
MDD)

Spec
imen
Sour

ce

Aarsla
nd

(2017)
Norwa

y

23 | 
12

48.3 
± 

15.1
(56.5
%)

n/a ICD-
10 None MADR

S
33 ± 
6.6 0% Seru

m

Allen
(2018)
Irelan

d

35 | 
20

49.5 
± 

13.9
(56.9
%)

45.9 
± 9.9
(50%)

DSM-
IV None HAM-

D
20.9 ± 

4.8 94.1% Plas
ma

Baran
yi

(2017)
Austri

a

71 | 
48

49.2 
± 

11.4
(33.8
%)

46.1 
± 

18.3
(35.4
%)

ICD-
10 None BDI-II 24.5 ± 

9.7 83.6% Plas
ma
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Brundi
n

(2016)
Swed

en

22 | 
36

41
(n/a)

30
(n/a)

DSM-
III-R SCID MADR

S n/a 0% CSF

Brundi
n

(2016)
Swed

en

15 | 
29

43
(n/a)

40
(n/a)

DSM-
III-R SCID MADR

S n/a 0% Plas
ma

Cho
(2017)
USA

94 | 
66

34.8 
± 

10.2
(73%)

32.3 
± 

10.2
(64%)

DSM-
IV SCID MADR

S
15.9 ± 

6.3 0% Seru
m

Dahl
(2015)
Norwa

y

50 | 
34

40 ± 
12

(76%)

38.3 
± 

13.9
(55.9
%)

DSM-
IV MINI MADR

S
27 ± 
5.4 0% Plas

ma

Hughe
s

(2012)
Irelan

d

39 | 
39

41.9 
± 

11.2
(59%)

37.1 
± 

13.1
(56.4
%)

DSM-
IV None HAM-

D
27.7 ± 

5.6 69.23% Plas
ma

Kraus
e

(2017)
Germ
any

32 | 
20

44.3 
± 

12.3
(50%)

40 ± 
10.4

(25%)

DSM-
IV None HAM-

D
25 ± 
4.9 n/a Seru

m

Kuwa
no

(2018)
Japan

15 | 
19

30.1 
± 7.6
(40%)

30.2 
± 6.8
(47.3
%)

DSM 
IV-TR SCID BDI-II 33.1 ± 

12 0% Plas
ma

Maes
(2011)
Germ
any

36 | 
35

41.9 
± 9.9
(63.9
%)

38 ± 
11.9
(51.4
%)

DSM-
IV SCID BDI 27 ± 

8.2 0% Plas
ma
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Maes
(2012)
Germ
any

35 | 
22

42.1 
± 10
(62.9
%)

39 ± 
13

(36.4
%)

DSM-
IV SCID BDI 27.1 ± 

8.3 0% Plas
ma

Meier
(2016)
USA

73 | 
91

34.2 
± 9.3
(78%)

31.6 
± 9.3
(60%)

DSM-
IV-TR SCID MADR

S
27.6 ± 

8.8 0% Seru
m

Myint
(2007

b)
South 
Korea

58 | 
189

44.6 
± 

14.7
(44.8
%)

32.5 
± 

10.7
(54.5
%)

DSM-
IV SCID HDRS 27.2 ± 

7.3 38% Plas
ma

Myint‡
(2013)
Germ
any

125 | 
93

49.8 
± 

13.5
(63.2
%)

n/a
(62.4
%)

DSM-
IV None HAM-

D
26.6 ± 

6 45% Seru
m

Savitz
(2015

a)
USA

53 | 
47

34.6 
± 9.8
(79%)

34.3 
± 

11.4
(62%)

DSM-
IV-TR SCID HAM-

D
23.7 ± 

8.8 0% Seru
m

Schwi
eler

(2016)
Swed

en

19 | 
14

40.3 
± 

21.5
(42.1
%)

24.3 
± 2.2
(0%)

DSM-
IV MINI MADR

S
36.6 ± 

8.6 94.7% Plas
ma

Sorgdr
ager

(2017)
Nether
lands

1320 
| 406

43.5 
± 

12.2
(68.4
%)

42.9 
± 

14.7
(59.9
%)

DSM-
IV CIDI IDS 25.5 ± 

13.2 33.85% Seru
m

Sublet
te

(2011)
USA

30 | 
31

37.8 
± 

13.1

35.7 
± 

13.9

DSM-
IV SCID HAM-

D
20.1 ± 

3.4 3.33% Seru
m

‡Included in the analysis of MDD, as only 9 participants (7% of the sample) received a diagnosis of 
bipolar depression
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(46.7
%)

(67.7
%)

Umeh
ara

(2017)
Japan

33 | 
33

47.1 
± 

13.2
(69.7
%)

46.5 
± 

10.1
(69.7
%)

DSM-
IV None HAM-

D
21 ± 
6.3 0% Plas

ma

Wurfel
(2017)
USA

35 | 
92

38.8 
± 

13.8
(54%)

32.3 
± 

10.4
(64%)

DSM-
IV

SCID
(HC 

Only)

HAM-
D 35 ± 6 n/a Seru

m

Young
(2016)
USA

35 | 
25

37.3 
± 8.6
(62.9
%)

35.1 
± 8.7
(60%)

DSM-
IV-TR SCID HDRS 19.3 ± 

6.4 0% Seru
m

Table 2 summarizes the demographic data of the 22 included studies that compared 

levels of Kynurenines from patients diagnosed with MDD against healthy controls. The 

median sample size was 69 with a mean age of 38.51 (41.5 in participants diagnosed 

with MDD and 36.60 in healthy controls). Females represented about 55.4% of the 

overall samples (59.0% MDD and 51.7% healthy controls). Only 3 studies matched 

participants according to age and gender, while 14 studies excluded participants that 

had general medical comorbidities. Overall samples had a mean BMI of 25.97 (26.57 

MDD and 25.30 healthy controls). Only 3 studies reported the percentage of smokers 

in their sample. Most studies diagnosed MDD according to DSM-IV criteria, and 14 

studies used a semi-structured diagnostic interview. Hamilton Depression Rating Scale 

was the preferred instrument used to define severity of MDD with an average score of 

22.76 (moderate depression). Only 7 studies reported whether patients were treatment 

naïve or not. A total of 11 studies required participants to be off their antidepressants 

during the study, while 3 studies allowed the use of benzodiazepines and 1 allowed 

mood stabilizers or antipsychotics. Only one study reported age of onset for MDD, and 

2 studies reported the duration of the current depressive episode. Only 1 study reported 

the number of previous hospitalizations and depressive episodes. Abbreviations: BDI, 
Beck Depression Inventory; DSM, Diagnostic and Statistical Manual of Mental 

Disorders; HAM-D, Hamilton Depression Rating Scale; HC, Healthy controls; HDRS, 
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Hamilton Depression Rating Scale; ICD-10, International Statistical Classification of 

Diseases and Related Health Problems, 10th Revision; IDS, Inventory of Depressive 

Symptomatology; MADRS, Montgomery-Åsberg Depression Rating Scale; n/a, not 

available; MDD, Major Depressive Disorder; SCID, Structured Clinical Interview for 

DSM; SD, Standard Deviation.

Table 3 – Demographic characteristics of the included studies

Mean Age 
± SD
(% 

Females)
Author
(Year)

Country

Sa
mpl

e
SCZ 
| HC SCZ HC

Diagn
ostic
Syste

m

Semi-
Struct
ured

Interv
iew

Scree
ning

Instru
ment

Score
s

(Mean
±SD)

Currentl
y using 
Antipsy
chotics
(%Drug 
Naïve)

Speci
men
Sour

ce

Chiapelli
(2016)
USA

37 | 
38

39.2 
(24.
3%)

39.7
(34.
2%)

DSM-
IV SCID n/a n/a 90.2%

(0%)
Plas
ma

Fukushi
ma

(2014)
Japan

25 | 
27

28.2 
± 

4.4
(56
%)

26.5 
± 

5.6
(55.
6%)

ICD-
10 None n/a n/a 100%

(0%)
Seru

m

Holtze
(2012)

Sweden

17 | 
33

33.2 
± 

7.5
(17.
6%)

27.9 
± 

9.8
(27.
3%)

DSM-
III-R SCAN n/a n/a 82.4%

(0%) CSF

Issa
(1994)
USA

24 | 
12

30 ± 
6

(33
%)

31 ± 
6

(42
%)

DSM-
III or 
III-R

None n/a n/a 0%
(n/a) CSF

Joaquim
(2017)
Brazil

28 | 
30

26 ± 
7.4
(39.
2%)

26.2 
± 

3.9
(46.
7%)

DSM-
IV SCID PANS

S
78 ± 
22

0%
(100%)

Plas
ma
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Kanchan
atawan
(2017)

Thailand

79 | 
40

40.9 
± 11
(54.
4%)

37.4 
± 

12.8
(25
%)

DSM-
IV-TR MINI n/a n/a n/a Seru

m

Kim
(2009)
South 
Korea

71 | 
174

33.9 
± 

12.2
(54.
9%)

32.5 
± 

10.7
(55.
2%)

DSM-
IV SCID PANS

S
96 ± 
21

0%
(53.52%)

Plas
ma

Linderhol
m

(2012)
Sweden

16 | 
29

36.8 
± 

7.9
(0%

)

25.4 
± 

7.3
(0%

)

DSM-
IV

SCID 
Axis I 
+ II
(HC 
only)

BPRS 34 ± 6 100%
(0%) CSF

Myint
(2011)
South 
Korea

53 | 
48

33.3 
± 

12.2
(56.
6%)

32.6 
± 

10.3
(56.
3%)

DSM-
IV None PANS

S 94 ± 9 0%
(66%)

Plas
ma

Schwiele
r

(2015)
Sweden

23 | 
37

35.8 
± 

6.7
(34.
8%)

23.4 
± 

2.6
(37.
8%)

DSM-
IV

SCID 
Axis I 
+ II
(HC 
only)

BPRS 32 ± 
5.9

100%
(0%) CSF

Szymona
(2017)
Poland

51 | 
45

26.9 
± 

8.2
(37.
3%)

24.2 
± 

5.6
(48.
9%)

ICD-
10 None PANS

S
92 ± 
22 n/a Seru

m

Wurfel
(2017)
USA

21 | 
92

38.9 
± 

12.9
(19
%)

32.3 
± 

10.4
(64
%)

DSM-
IV

SCID
(HC 
only)

BPRS 63 ± 
16

n/a
(0%)

Seru
m

Yao
(2010)
USA

25 | 
30

23.9 
± 

6.9

22.9 
± 

4.5

DSM-
IV SCID n/a n/a 0%

(100%)
Plas
ma
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(24
%)

(40
%)

Table 3 summarizes the demographic information of the 14 included studies that 

compared levels of Kynurenines from patients diagnosed with schizophrenia against 

healthy controls. The mean sample size was 35 with an age of 31.1 in the overall 

sample (33.2 in participants diagnosed with schizophrenia and 29.1 in healthy 

controls). Females represented about 37.8% of the overall samples (35.3% 

schizophrenia and 40.3% healthy controls). 6 studies matched participants according 

to age and gender, while only 1 study excluded participants that had general medical 

comorbidities. Overall samples had a mean BMI of 24.41 (25.06 schizophrenia and 

23.76 healthy controls). Only 4 studies reported the percentage of smokers in their 

sample. Most studies diagnosed MDD according to DSM-IV criteria, and only 6 studies 

used a semi-structured diagnostic interview. PANSS and BPRS were mostly used to 

quantify symptoms of schizophrenia with average scores of 90 and 41, respectively. 

2 studies included treatment-naïve participants, and 2 other studies had over 50% of 

their sample consisting of treatment-naïve participants. Participants diagnosed with 

chronic schizophrenia had an average illness duration of 8 years. 5 studies required 

participants to be off medications (antipsychotics, benzodiazepines, antidepressants) 

while most studies did not report the percentage of their samples that was actively 

using adjunctive medications. Only 1 study reported the previous number of 

hospitalizations. Abbreviations: BPRS, Brief Psychiatric Rating Scale; DSM, 

Diagnostic and Statistical Manual of Mental Disorders; HC, Healthy controls; ICD-10, 

International Statistical Classification of Diseases and Related Health Problems, 10th 

Revision; n/a, not available; PANSS, Positive and Negative Syndrome Scale; SCID, 

Structured Clinical Interview for DSM; SCZ, Schizophrenia; SD, Standard Deviation.

Table 4 – Demographic characteristics of the included studies

Author
(Year)
Countr

y

Sam
ple

BD | 
HC

Mean Age 
± SD
(% 

Females)

Diagn
ostic
Syste

m

Semi-
Struct
ured

Intervi

Mood
Polarit

y

Screen
ing

Instru
ment

Scores
(Mean
±SD)

Speci
men

Sourc
e
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BD HC ew

Myint
(2007a)
South 
Korea

39 | 
80

37.6 
± 

11.6
(61.
5%)

39.1 
± 

8.8
(50
%)

DSM-
IV SCID Mania YMRS 34.5 ± 

9.7
Plasm

a

Reining
haus

(2014)
Austria

78 | 
156

46 ± 
14

(n/a
)

35.3 
± 

11.5
(n/a

)

DSM-
IV SCID Euthy

mia n/a n/a Seru
m

Savitz
(2015b)

USA

18 | 
48

40.7 
± 

2.8
(89
%)

32.6 
± 

1.5
(60
%)

DSM-
IV-TR SCID Depres

sion HAM-D 23.8 ± 
3

Plasm
a

Poletti
(2016)
Europe

22 | 
14

46.5 
± 

13.7
(63.
6%)

27.2 
± 

8.3
(57.
1%)

DSM-
IV SCID Depres

sion IDS-C 31.9§ ± 
9.4

Plasm
a

Wurfel
(2017)

USA

53 | 
92

40.2 
± 11
(70
%)

32.3 
± 

10.4
(64
%)

DSM 
IV

SCID
(HC 

only)

Depres
sion HAM-D 28 ± 9 Seru

m

Table 4 summarizes the demographic information of the 5 included studies 

that evaluated levels of kynurenines in bipolar disorder. 3 studies examined 

participants in acute bipolar depression with an average sample size of 41, 

age 36.6, consisting of 67.3% female participants with a mean BMI of 28.3. 

Only 3 studies evaluated participants that met criteria for bipolar depression 

with an average HAM-D score of 23 (moderate depression). No studies 

were gender/age matched, and none reported the percentage of smokers. 

§Equivalent to a HAM-D score of 17 (mild depression)
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Abbreviations: BD, Type-1 bipolar disorder; DSM, Diagnostic and 

Statistical Manual of Mental Disorders; HAM-D, Hamilton Depression 

Rating Scale; HC, Healthy controls; IDS-C, Inventory of Depressive 

Symptomatology – Clinician version; n/a, not available; SCID, Structured 

Clinical Interview for DSM; SD, Standard Deviation; YMRS, Young Mania 

Rating Scale.
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Highlights:

 In this comprehensive systematic review with meta-analysis, participants diagnosed with 
Major Depressive Disorder (MDD) had decreased levels of tryptophan associated with 
moderate increases in their kynurenine/tryptophan ratios when compared with healthy 
controls

 Levels of kynurenine were significantly decreased in bipolar depression, which was also 
accompanied by a small, but unique reduction in 3-Hydroxykynurenine

 Although levels of kynurenine were indistinguishable when comparing patients diagnosed 
with MDD against healthy controls, a careful funnel plot analysis suggested that 
kynurenine studies were asymmetrically biased towards increased levels in depression, 
which raises the possibility that kynurenine levels could be moderately decreased if more 
studies were available

 Both unipolar and bipolar depression shared the observed reduction of kynurenic acid 
levels, which was more prominent and less heterogenous in bipolar depression

 No significant changes in levels of tryptophan catabolites were observed in participants 
diagnosed with schizophrenia when compared with healthy controls. However, grouping 
factors revealed opposing directions of kynurenic acid levels in schizophrenia depending 
on the source where the samples were collected: increased in the cerebrospinal fluid and 
decreased in serum/plasma


