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Abstract

The incidence of depression is approximately 2-fold greater in women than men but the biological
mechanisms underlying this phenomenon remain unclear. One potential mechanism that has been
understudied is immune function, which is modulated by sex hormones and differs considerably
between males and females. The immune-regulating kynurenine pathway previously has been
implicated in the pathogenesis of mood disorders. In particular, a decreased ratio of
neuroprotective (kynurenic acid; KynA) to neurotoxic (3-hydroxykynurenine; 3HK and quinolinic
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acid; QA) kynurenine pathway metabolites has been reported in several mood disorder subtypes.
Yet there is a paucity of research investigating sex differences in the kynurenine pathway in the
context of depression. Similarly, oral contraceptive (OC) use has been shown to be a risk factor for
depression but to our knowledge this epidemiological relationship has not been considered within
the framework of immune dysfunction. Here, we compared the concentrations of c-reactive protein
(CRP) and kynurenine pathway metabolites in a combined sample of subjects with major
depressive disorder (MDD), bipolar disorder (BD), and healthy controls (HC) comprising 130 men
and 350 women. CRP was measured in a CLIA-certified hospital laboratory. Kynurenine
metabolites were quantified using high performance liquid chromatography with tandem mass
spectrometry. Estradiol and progesterone were quantified with the Mesoscale Discovery (MSD)
platform. After controlling for diagnosis, age, sex, BMI, analysis batch, and self-reported
childhood trauma we found that women had significantly lower KynA/3HK and KynA/QA ratios
than men, and that these results were driven by a decrease in KynA. There was no significant
difference between males and females in the concentration of CRP. Further, women taking OC
showed significantly higher levels of CRP and lower ratios of KynA/3HK and KynA/QA
compared with women on no form of contraception. Moreover, among women using OC,
progesterone concentrations were positively correlated with KynA, KynA/3HK, and KynA/QA.
Although preliminary, our results indicate that on average, healthy women show the same pattern
of kynurenine pathway metabolism as that observed in subjects with depression. This finding
raises the possibility that a reduction in KynA concentrations in women may constitute a
vulnerability factor that partly explains the higher incidence of depression in females. Further, the
significant association between OC use and reduced KynA as well as increased CRP, could
conceivably partially account for the epidemiological association between OC use and depression.
Nonetheless, because of the cross-sectional nature of this study, these hypotheses need to be more
rigorously tested with longitudinal designs and/or large epidemiological studies.

Keywords

Depression; Sex Differences; Kynurenine Pathway; Inflammation; Oral Contraceptives; Kynurenic
Acid; Estradiol; Progesterone; C-reactive protein; Bipolar Disorder

Introduction

The lifetime rate of major depressive disorder (MDD) in women consistently has been found
to be twice that of men (Kessler, 2003) but the biological mechanisms underlying this
epidemiological phenomenon remain unclear. Most research has focused on hormonal
differences, yet it is clear that there are significant differences in immune function between
the sexes. For instance, females show greater expression of toll-like receptors (TLR) across
multiple populations of immune cells, increased type-1 interferon activity of dendritic cells,
increased activation and function of macrophages, neutrophils, and T-cells, as well as greater
B-cell numbers and antibody production (Klein and Flanagan, 2016). Consistent with these
data, females mount a stronger immune response to infection and vaccines, and are
significantly more likely than males to suffer from inflammatory and autoimmune diseases
(Klein and Flanagan, 2016). Given evidence that immune dysregulation plays a mechanistic
role in some depressive disorders (Mechawar and Savitz, 2016; Miller and Raison, 2015), it
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is conceivable that sex differences in the incidence of depression may partly be related to
immunological differences between males and females. Yet there is paucity of research
addressing this important topic.

The mechanisms by which inflammatory mediators putatively contribute to the
pathophysiology of depression remain unclear. However, activation of a key immuno-
regulatory network, the kynurenine pathway, appears to be crucial. Two landmark papers
showed that lipopolysaccharide does not cause depression-like behavior in rodents when the
activation of the kynurenine pathway is genetically or pharmacologically blocked even when
the levels of pro-inflammatory cytokines remain elevated (Lawson et al., 2013; O'Connor et
al., 2009). The kynurenine pathway is activated by inflammatory cytokines (predominantly
interferon gamma) and cortisol, increasing the production of kynurenine from tryptophan
(TRP) by the enzymes /DO and TDO, respectively (Figure S1). Kynurenine is in turn
metabolized into either the putatively neuroprotective metabolite kynurenic acid (KynA), by
astrocytes, or alternatively, putative neurotoxic metabolites such as 3-hydroxykynurenine
(3HK) and quinolinic acid (QA) by macrophages and microglia. Under inflammatory
conditions, the brain formation of QA predominates over the formation of KynA (Saito et
al., 1992; Walker et al., 2013), such that the ratio of KynA/3HK and KynA/QA provides an
index of the competing physiological effects of these neuroactive metabolites. We and others
have previously reported reduced levels of KynA/3HK and/or KynA/QA in the serum or
cerebrospinal fluid of several different mood disorder subtypes relative to controls (Bay-
Richter et al., 2015; Myint et al., 2007; Poletti et al., 2016; Savitz et al., 2015a; Savitz et al.,
2015b; Savitz et al., 2015c¢; Schwieler et al., 2016). Here, we combine these existing data
with a new dataset (total n=480) in order to perform a well-powered test of our hypothesis
that, compared with males, females will have higher levels of inflammation (indexed by C-
reactive protein (CRP)) and will show a greater metabolic shunt towards the neurotoxic
branch of the kynurenine pathway. Given the recent report of an epidemiological
relationship between depression and oral contraceptive (OC) use (Skovlund et al., 2016), we
also hypothesized that serum concentrations of CRP and potentially neurotoxic metabolites
would be elevated in females taking OC.

The current research was approved by the Western Institutional Review Board, and the study
was conducted in accordance with the principles expressed in the Declaration of Helsinki. A
total of 480 participants (130 men and 350 women) were included in the study (Table 1).
Data from a subset of these participants (n=345) has been previously published although the
hypotheses tested herein were not also tested in these publications (Savitz et al., 2015a;
Savitz et al., 2015b; Savitz et al., 2015c; Young et al., 2016). The Structured Clinical
Interview for the DSM-IV-TR was used to confirm the diagnoses rendered by a clinical
interview with a psychiatrist. Participants met DSM-1V-TR criteria for remitted major
depressive disorder (rMDD), current major depressive disorder (dMDD), bipolar disorder
(BD) or no psychiatric disorder (i.e., healthy controls (HC)) (Table 1). Exclusion criteria
included serious suicidal ideation or behavior, medical conditions or concomitant
medications likely to influence central nervous system or immunological function including
cardiovascular, respiratory, endocrine, neurological, and known autoimmune disease, as well
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as a history of drug or alcohol abuse within six months or a history of drug or alcohol
dependence within one year. The subjects with a mood disorder were unmedicated for at
least 2 weeks (8 weeks for fluoxetine, mean time unmedicated: 3.52 years + 3.09 years)
except for a subset of the MDD and BD samples (n=60) who were receiving treatment with
psychotropic medications at the time of study (Table S1). We previously reported that
unmedicated and medicated BD subjects did not differ significantly in KynA/3HK or
KynA/QA (Savitz et al., 2015a). Self-reported trauma was measured with the 28-item
Childhood Trauma Questionnaire (CTQ) (Bernstein et al., 2003). The CTQ is composed of
the following Likert-type subscales: physical, sexual and emotional abuse and physical and
emotional neglect. Higher scores are indicative of greater self-reported trauma. The
instrument is widely used, reliable (intra-class correlation coefficients of 0.88; Cronbach’s
alpha, 0.79-0.94), and well validated with correlations with therapist ratings of abuse for all
the CTQ subscales of between 0.36 and 0.75 (Bernstein et al., 2003).

An overnight fasting blood sample was collected via venipuncture using Becton Dickinson
(BD) Vacutainer serum tubes between 8am and 11am, processed per standard protocol and
stored at - 80°C. hs-CRP was measured in a CLIA-certified hospital lab (measurement range
of 0.2 mg/L to 480.0 mg/L). Tryptophan (TRP) and kynurenine metabolites including
kynurenic acid (KynA), 3-hydroxykynurenine (3HK), and quinolinic acid (QA) were
measured blind to sex and diagnostic status by Brains Online, LLC using high performance
liquid chromatography with tandem mass spectrometry. This assay had the following lower
level of quantifications (LLOQ): TRP=5 pM, Kyn=0.50 uM, KynA=7.5 nM, 3HK=5 nM,
and QA=100 nM. Six participants (5 women) had KynA levels below the LLOQ and were
excluded from further analysis. Estradiol (LLOQ=0.005ng/mL; CV=7.01%) and
Progesterone (LLOQ=0.17ng/mL; CV=9.42%) were quantified blind to sex and diagnostic
status using the Mesoscale Discovery MULTI-SPOT® 96 HB 4-Spot Custom Steroid
Hormone Panel. Samples with estradiol (n=9) or progesterone (n=13) concentrations with a
CV>25% were excluded from the analyses.

Menstrual cycle was evaluated by self-report based on the first day of the last menstrual
period. Naturally-cycling females were divided into two groups, follicular phase (days 0-14;
low progesterone) or luteal phase (days 15-30; high estrogen/progesterone). Women on birth
control or with irregular cycles (defined as shorter than 21 days or longer than 36 days,
n=36) were excluded. Phase information was only available for a subset of women (Table 1).

Statistical analyses were conducted using SPSS (Version 21). Sex differences in age, body
mass index (BMI), self-reported childhood trauma, and diagnosis were assessed using
independent samples t-tests and chi-squared tests. Shapiro-Wilk tests showed that
kynurenine metabolites hormone levels, and CRP were non-normally distributed (p<0.05),
and thus these variables were natural log transformed.

The effects of sex on the g priori outcome variables KynA/QA, KynA/3HK, and CRP were
assessed using an additive general linear model to control for analysis batch, BMI, age, and
diagnosis. These covariates were selected a priorirather than empirically (i.e. age and BMI
were modeled even though they did not differ between males and females). Because self-
reported trauma scores were not available for all individuals, we also ran a second model
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with CTQ score included as an additional covariate. Females generally report higher levels
of early trauma, which has in turn been associated with higher levels of inflammation in
adolescence (Miller and Chen, 2010). With the exception of the CTQ score, the same
covariates were used in the comparison of females with OC use to females (both randomly
cycling and non-cycling women) on no hormonal contraception. The same covariates were
used in the comparisons testing the effect of menstrual phase. These analyses included
estradiol and progesterone in addition to KynA/QA, KynA/3HK, and CRP.

Consistent with the literature, women were over-represented in the mood disorder groups
and reported higher levels of childhood trauma than men (full stats are reported in Table 1).
In the full sample, CRP was positively correlated with Kyn/TRP (r=0.22, p=0.001) and
inversely correlated with KynA/3HK (r=-0.16, p=0.02), and KynA/QA (r=-0.12, p=0.08).
KynA/3HK and KynA/QA were positively correlated (r=0.63, p<0.001), while Kyn/TRP
was inversely correlated with KynA/3HK (r=- 0.10, p=0.02) and KynA/QA (r=-0.12,
p=0.009). In the full sample of women, estradiol was positively correlated with progesterone
(r=0.44, p<0.001). Neither estradiol nor progesterone correlated with CRP, KynA/3HK,
KynA/QA, or Kyn/TRP (|r|<0.10, p>0.10).

After controlling for batch, BMI, age, and diagnosis, there was no sex difference in CRP
levels (p=0.72). However, the effect of sex on KynA/3HK (p<0.001) as well as KynA/QA
(p<0.001) was significant, with women showing significantly lower ratios than men across
both the healthy and depressed subgroups (Figure 1A, Figure S2). The results remained
significant after additionally controlling for CTQ scores - KynA/3HK (p<0.001), and
KynA/QA (p<0.001). Secondary analyses found that sex differences in KynA/3HK and
KynA/QA were driven by lower KynA in women (Table 1). Women also had significantly
lower levels of QA than men, although the levels of 3HK did not differ between men and
women.

Women taking OC had significantly lower levels of estradiol compared to women on no
form of hormonal contraception (p=0.004), while progesterone levels did not differ between
groups. Women taking OC had elevated CRP levels relative to those on no form of hormonal
contraception (p<0.001). There also was a significant effect of OC use on KynA/3HK
(p=0.001) and KynA/QA (p<0.001), with women on OC having lower ratios of KynA/QA
and KynA/3HK (Figure 1B). Secondary analyses showed that women on OC had lower
KynA, while there were no differences in 3HK or QA (Table 1). Further, in women taking
OC, progesterone was positively correlated with KynA/3HK (r=0.34, p=0.037), KynA/QA
(r=0.33, p=0.040), and KynA (r=0.46, p=0.003).

Due to the effects of OC on KynA/3HK and KynA/QA, additional analyses were conducted
to determine whether women noton OC had lower ratios relative to men. Consistent with the
primary analyses, women not on OC had lower KynA/3HK (p<0.001) and KynA/QA
(p<0.001) relative to men.
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Regarding menstrual phase, CRP, KynA/3HK, KynA/QA, progesterone, and estradiol did
not differ between naturally-cycling females in the follicular versus luteal phase (p’s>0.10;
Table 1).

Discussion

Our two main findings are firstly, a diagnosis-independent reduction in KynA, KynA/3HK,
and KynA/QA in females versus males, and secondly, an increase in CRP along with a
greater reduction in KynA, KynA/3HK, and KynA/QA in females on OC versus females not
on any form of hormonal birth control. These results are not only highly significant
(p’s<0.001) but have large effect sizes (np2s0.15, d<1.07) in the context of psychiatric
research, and are likely to be highly robust considering the size of the sample.

The biological mechanism underlying these sex and OC effects is unclear but one possibility
is the presence of a significant interaction between sex hormones and the immune system.
Estrogen receptors are expressed on lymphocytes, macrophages, and dendritic cells, and
many genes of the innate immune system contain estrogen response elements (Hewagama et
al., 2009). The interaction between sex hormones and the immune system is highly complex
since the effect of the hormones appears to be immune cell-specific as well as context and
dose-dependent (Klein and Flanagan, 2016; Kovats, 2015). Testosterone and progesterone
are generally considered to be anti-inflammatory. In contrast, low concentrations of estradiol
can be pro-inflammatory while high concentrations of estradiol may be anti-inflammatory
(Klein and Flanagan, 2016), possibly explaining why estrogen and estrogenic medications
have been reported to counteract brain inflammation by targeting the production and release
of inflammatory mediators from glial cells (Arevalo et al., 2012). Thus, the increased
concentration of CRP in OC users versus women on no form of hormonal contraception
potentially is consistent with the estrogen-lowering effects of certain OCs. Regarding the
kynurenine pathway, treatment of rhesus monkeys with estradiol (or estradiol plus
progesterone) was found to result in a significant reduction in the expression of kynurenine
mono-oxygenase (KMO) in the raphe (Reddy and Bethea, 2005). KMO is the enzyme that
converts kynurenine to 3HK. Thus, this potentially protective effect of (higher levels of)
estradiol (Figure S1) is consistent with our finding of an increase in 3HK/KynA in OC users,
since on average, this group had lower plasma concentrations of estradiol than non-OC
users. Similar results to ours were also recently reported in a nutritional study of young
healthy participants with lower KynA in women versus men (28%) and in OC users versus
non-OC users (19%) (Deac et al., 2015).

The fact that within the OC group, progesterone was positively correlated with KynA,
KynA/3HK, and KynA/QA potentially is consistent with a recent /n vitro study that
demonstrated that treatment of human macrophages with progesterone attenuated interferon
gamma-induced activation of the kynurenine pathway, decreased QA, and increased KynA
concentrations (de Bie et al., 2016). Since significant correlations between progesterone and
KynA, KynA/3HK, and KynA/QA were not observed in the non-OC group, it is conceivable
that the effects of progesterone on the kynurenine pathway may be more salient in the
context of reduced estradiol concentrations. Whether progestin- only medications exert a
differential effect on kynurenine metabolism compared with combined estradiol and
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progestin medications is unclear. Because this study was not primarily designed to test for
sex differences and the effects of hormones on kynurenine metabolites, we did not have the
statistical power to differentiate between different classes of OC or to control for length of
time on OC. Parenthetically, in the Skovlund et al. analysis, the association between
depression and OC use held for both combined and progestin-only products (Skovlund et al.,
2016). Regarding other limitations, the results of the menstrual phase analysis should be
treated with caution because the small sample size may have resulted in false negative
results. Finally, the cross-sectional nature of the design does not allow us to test whether OC
hormone levels cause changes in the kynurenine pathway.

Although the CRP concentrations did not differ significantly between men and women in
our study, this may reflect Type |1 error since other studies have reported higher levels of
CRP in females (Hutchinson et al., 2000; Sorensen et al., 2014), and in our sample the mean
CRP levels were 46% higher in women than in men, but the difference was not significant
because of the relatively high variability in these values in both sexes (the coefficients of
variance were 133% and 137% in the men and women, respectively). Nevertheless, there
also are several well-powered negative reports in the literature (Chenillot et al., 2000; Rifai
and Ridker, 2003). The association between CRP and OC use in females is consistent with a
recent epidemiological analysis demonstrating that OC use is the strongest predictor of
inflammation, indexed by CRP, in pre-menopausal women (Sorensen et al., 2014). These
data echo the results of earlier studies reporting that the plasma levels of CRP in OC users
were three times higher than in non-OC users (Frohlich et al., 1999), and that OC use
explained 32% of the variance in CRP concentrations in young, healthy women (Dreon et
al., 2003)

In sum, there are a handful of papers (Deac et al., 2015; Dreon et al., 2003; Rifai and Ridker,
2003; Sorensen et al., 2014) that have examined sex differences and the effects of OC on
inflammatory mediators in humans. These studies have been performed in the context of
cardiovascular disease or nutritional research. In contrast, the implications of these sex and
OC effects for mood disorders has not been explicitly addressed. Here we show that females,
irrespective of diagnosis, show a metabolic shunt towards the neurotoxic branch of the
kynurenine pathway that is driven by a decrease in levels of the neuroprotective metabolite,
KynA. The fact that, on average, healthy females show the same pattern (but not necessarily
the same magnitude) of change as individuals with mood disorders raises the possibility that
a reduction in the neuroprotective arm of the kynurenine pathway in females may constitute
a vulnerability factor that partly explains the higher incidence of depression in females.
Secondly, the association between OC use and reduced KynA as well as increased CRP,
conceivably may partially account for the epidemiological association between OC use and
depression. Nevertheless, while these results constitute important new leads, they require
confirmation and characterization in studies employing prospective, longitudinal designs and
in large-scale epidemiological studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. Women have reduced levels of protective vs. toxic kynurenine metabolites
than men

. This diagnosis-independent effect is driven by a decrease in kynurenic acid
(KynA)

. Women using oral contraceptives (OC) have higher CRP levels than women
not using OC

. Women using OC have lower KynA concentrations than women not using OC

. Women may be more vulnerable to depression due to a hormonal-immune
interaction
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Figure 1. Sex differences in a priori measures of inflammation and the kynurenine pathway
Scatter plots show natural log transformed (In) levels of C-reactive protein (CRP), the ratio

of kynurenic acid to 3-hydroxykynurenine (KynA/3HK), and the ratio of kynurenic acid to
quinolinic acid (KynA/QA) broken down by sex (A) and oral contraceptive use (B).
Horizontal line represents the group mean.
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Demographic, Clinical, and Kynurenine Pathway Differences Between Men and Women and the Effects of

Oral Contraceptives.

Demographics Men Women Statistic

Total N 130 350

Age 3424113 | 34.7+11.1 | t(478)=0.45, p=0.65

BMI 27.1+£5.01 28.0+6.58 t(478)=1.44, p=0.15

CRP N available 66 159

Hormone N available 0 277

CTQ N available 83 232

CTQ total score*™™ 36.9+14.21 | 47.0£20.73 | t(313)=4.12, p<0.001

Diagnosis N (% total)” X%(3)=10.0, p=0.018

HC 72 (55%) 147 (42%)

rMDD 14 (11%) 28 (8%)

dMDD 31(24%) | 120 (34%)

BD 13 (10%) | 55 (16%)

Oral Contraceptive Use N (% total)

None - 203 (58%)

Oral - 42 (12%)

Other/Unknown - 105 (30%)

Hysterectomy+ N - 40

Menstrual Phase

Follicular 14

Luteal 26

Not Available/Irregular Cycle 310

Sex Effects

A priori comparisons Men Women Statistic

CRP (mg/L) 2354312 | 3.42+4.67 | F(1,218)=0.13, p=0.72, d=0.054
KynA/BHK™* 158+0.44 | 1.18+0.41 | F(1,464)=76.9, p<0.001, d=0.914
KynA/QA™* 0.15+0.06 | 0.1120.04 | F(1,464)=48.4, p<0.001, d=0.728
Secondary comparisons Men Women Statistic

Kyn/TRP 0.03+0.01 0.03+0.01 F(1,470)=0.08, p=0.772, d=0.048
KynA (nM)** 48.7+16.6 | 35.2¢13.2 | F(1,464)=84.7, p<0.001, d=0.962
3HK (nM) 32.1+£12.6 31.3£11.0 F(1,470)=0.72, p=0.40, d=0.089
QA (M) 355+127 | 330+114 | F(1,470)=6.45, p=0.011, d=0.264
Kyn (HM)** 2.07+0.47 1.79+0.43 F(1,470)=42.1, p<0.001, d=0.671
TRP (uM)** 66.6+14.7 | 57.2#11.3 | F(1,470)=54.8, p<0.001, d=0.769
OC Effects
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Demographics Men Women Statistic

A priori comparisons No BC ocC Statistic

CRP (mg/L) 2.90+4.67 4.12+4.03 F(1,108)=20.3, p<0.001, d=1.07
KynA/3HK** 1.21+0.40 | 1.00+0.32 | F(1,230)=10.8, p=0.001, d=0.583
KynA/QA** 0.12+0.04 0.10+0.04 F(1,230)=13.2, p<0.001, d=0.642
Secondary comparisons No BC ocC Statistic

Kyn/TRP 0.03+0.01 0.03+0.01 F(1,235)=1.63, p=0.202, d=0.226
KynA (nM)* 3674147 | 29.749.17 | F(1,230)=5.91, p=0.016, d=0.431
3HK (nM) 31.5+10.4 31.249.1 F(1,235)=1.12, p=0.290, d=0.189
QA (nM) 325+104 328+88.5 F(1, 235)=1.78, p=0.180, d=0.234
Kyn (M) 1.82+¢0.44 | 1.71+0.35 | F(1, 235)=0.48, p=0.487, d=0.124
TRP (UM) 57.0+11.7 | 60.5+12.3 | F(1, 235)=0.47, p=0.493, d=0.120
Estradiol (ng/mL)* 0.1740.19 | 0.11+0.13 | F(1, 186)=8.64, p=0.004, d=0.558
Progesterone (ng/mL) 1.48+1.80 1.08+0.83 F(1, 181)=0.56, p=0.457, d=0.142
Phase Effects

A priori comparisons Follicular Luteal Statistic

CRP (mg/L) 6.62+10.9 2.89+4.81 F(1,16)=1.00, p=0.333, d=0.459
KynA/3HK 1.22+0.35 1.28+0.35 F(1,29)=0.17, p=0.686, d=0.152
KynA/QA 0.13+0.05 0.13+0.04 F(1,29)=0.67, p=0.421, d=0.302
Secondary comparisons Follicular Luteal Statistic

Kyn/TRP 0.03+0.01 0.03+0.01 F(1,30)=0.23, p=0.635, d=0.177
KynA (nM) 34.1+12.4 41.5+11.3 F(1,29)=2.36, p=0.136, d=0.573
3HK (nM) 28.3+6.64 34.4£11.5 F(1,30)=2.03, p=0.164, d=0.529
QA (nM) 290+93.4 342+120 F(1,30)=0.70, p=0.409, d=0.312
Kyn (uM) 1.72+0.25 1.86+0.42 F(1,30)=0.78, p=0.384, d=0.331
TRP (M) 58.0£9.52 58.5+11.2 F(1,30)=0.14, p=0.713, d=0.138
Estradiol (ng/mL) 0.24+0.20 0.22+0.32 F(1,26)=0.02, p=0.898, d=0.048
Progesterone (ng/mL) 2.30£3.00 2.54+2.83 F(1,25)=0.00, p=0.998, d=0.00

Raw mean values of kynurenine pathway metabolites and C-reactive protein (CRP) are shown, along with standard deviations. Statistics are
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performed on natural log-transformed data. Effect sizes (d) for contrasts of interest were calculated as the difference in adjusted means divided by

the root mean square error.

*
indicates < 0.05,

Hok

indicates <0.001, uncorrected.

BMI=body mass index, CTQ=childhood trauma questionnaire, HC=healthy control, rMDD=remitted major depressive disorder, d(MDD= diagnosed

major depressive disorder, BD=bipolar disorder, Kyn-kynurenine, TRP=tryptophan, KynA=kynurenic acid, 3HK=3-hydroxykynurenine,
QA=quinolinic acid, BC=birth control, OC= oral contraceptive,.
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