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Objective  Neurotrophin-like brain-derived neurotrophic factor (BDNF) and pro-inflammatory cytokines may modulate the patho-
physiology of mood disorders. Although several studies show alterations in these biomarkers during the depressive, manic, and euthy-
mic states of mood disorders, evidence is lacking for those in a mixed state. Therefore, this study aimed to investigate the relationship
between the depressive mixed state (DMX) and peripheral neurobiological factors.

Methods We enrolled 136 patients with major depressive episodes. Depressive symptoms were assessed using the Quick Inventory of
Depressive Symptomatology Self-Report Japanese version (QIDS-SR-]). The severity of DMX was assessed using the self-administered
12-item questionnaire (DMX-12). Categorical screening as DMX-positive (n=54) was determined by a cutoff score of 13 or more in the
specific eight symptoms from the DMX-12; the remaining were DMX-negative (n=82). Serum BDNFE, tumor necrosis factor-a, high-
sensitivity C-reactive protein, and interleukin-6 levels were measured.

Results When comparing biomarkers between the DMX-positive and DMX-negative groups, higher serum BDNF concentration in
the DMX-positive group than in the DMX-negative group was the only significant finding (p=0.009). A positive correlation existed between
the total score of the eight specific symptoms of DMX-12 and the BDNF concentration (r=0.190, p=0.027). After adjustment for confound-
ers, logistic regression analysis revealed that BDNF (odds ratio [OR]=1.07, 95% confidence interval [CI]=1.00-1.14, p=0.045), bipolar diag-
nosis (OR=3.43, 95% CI=1.36-8.66, p=0.009), and total QIDS-SR-] score (OR=1.29, 95% CI=1.15-1.43, p<0.001) were significantly asso-
ciated with DMX positivity.

Conclusion BDNF was positively associated with DMX severity, suggesting that higher BDNF concentrations may be involved in the

pathophysiology of DMX.
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INTRODUCTION

A depressive mixed state (DMX) is characterized by a full-
blown depressive episode with some hypomanic features. Pre-
vious research has suggested that several symptoms (e.g., overt
irritability and/or psychomotor agitation) are cardinal features
of DMX."' Because DMX is characterized by high energy and
impulsivity coexisting with depression, suicide risk is very high
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in patients with DMX.> DMX worsens patients’ functioning
and quality of life by increasing agitation, distress, psychotic
symptoms, suicidal ideation, and hypersensitivity to antide-
pressant treatment.’ Recent studies suggest that DMX is closely
related to the pathophysiology of bipolar disorder (BD) during
a depressive state.** Although DMX has been categorically de-
fined*® and dimensionally quantified” from a symptomatic per-
spective, its biological aspects remain underexplored. There-
fore, it is important to identify objective markers associated
with the biological mechanisms of DMX.

Increasing evidence suggests that the neuroendocrine and
immune systems, which interact with the central nervous sys-
tem, are involved in the pathophysiology of mood disorders,
including BD and major depressive disorder (MDD).* Cyto-
kines can alter the mechanisms associated with serotonin and
catecholamines in the brain, while these amines bidirection-
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ally modulate cytokine-mediated responses and vice versa.’
Previous studies have reported that MDD is associated with
elevated levels of inflammatory cytokines, such as interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-a)." Interesting-
ly, mania has also been associated with elevated levels of in-
flammatory cytokines (C-reactive protein, TNF-q, and IL-6)."

Brain-derived neurotrophic factor (BDNF), abundant in the
hippocampus, promotes neuronal cell growth, maintains in-
tercellular junctions, regulates neurotransmitters, and facilitates
neuroplasticity, such as long-term potentiation and learning."?
According to the neurotrophic hypothesis, stress and depres-
sion are likely associated with deficiencies in neurotrophic fac-
tors, leading to neuronal atrophy and cell loss in key limbic ar-
eas and the prefrontal cortex."'* Recent studies have found
significant reductions in peripheral BDNF concentrations in
patients with MDD compared with healthy controls. In con-
trast, BDNF concentrations recovered to control levels after
effective treatment and symptom remission.”*'® A recent me-
ta-analysis of clinical data suggested that peripheral BDNF
concentrations significantly decrease during both manic and
depressive phases but not during the euthymic phase in pa-
tients with BD. BDNF concentrations increase after treatment
for acute manic and depressive episodes.”” These studies sug-
gest that BDNF plays an important role in the pathophysiolo-
gy and clinical course of mood disorders. However, the com-
plex and bidirectional relationship between mood symptoms
and BDNF remains unresolved. Thus, we investigated how
BDNF affects DMX in patients with mood disorders.

The relationship between DMX and biomarkers has not
been well understood; only a few studies on this topic exist."®*
This study investigated the relationship between DMX and
blood biomarkers in terms of neuroinflammatory and neuro-
protective factors. We collected specimens from patients with
depressive episodes and investigated whether there were dif-
ferences in BDNF and inflammatory cytokines between the
groups with and without DMX.

METHODS

Patients

This study was conducted between June 2014 and Decem-
ber 2019. We recruited 136 patients (46 males and 90 females)
with major depressive episodes who consecutively attended
the University of the Ryukyus Hospital's outpatient psychiat-
ric clinic in Nishihara, Okinawa Prefecture, Japan. Two board-
certified psychiatrists confirmed the major depressive episodes
according to criteria in the fifth edition of the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5).¢ Of the 136
patients, 96 met the DSM-5’s diagnostic criteria for MDD, and
40 met the diagnostic criteria for BD. We excluded patients with

1028 Psychiatry Investig 2023;20(11):1027-1033

substance-related/addictive disorders, dementia, or inflamma-
tory diseases that could affect blood cytokine concentrations.

Clinical assessment

We assessed the patients’ depressive symptoms using the
Quick Inventory of Depressive Symptomatology Self-Report
Japanese version (QIDS-SR-]) and the severity of DMX using
the 12-item, self-administered questionnaire for DMX (DMX-
12) developed in our previous study.” Each item of the DMX-
12 was scored on a 4-point scale (O=never, 1=only occasion-
ally, 2=often, and 3=almost always).

Categorical screening as DMX-positive was determined by
a cutoff score of <13 for the eight DMX-specific symptoms
(over-reactivity, inner tension, racing thoughts, impulsivity,
irritability, aggression, risk-taking behavior, and dysphoria).”
We used these scores to group the participants into DMX-
negative (n=82) and DMX-positive (n=54) groups.

Biomarker measurements

Fasting blood samples (5 mL) were collected from the par-
ticipants’ antecubital veins before the morning dose of the reg-
ular medication. The serum samples were then rapidly sepa-
rated in a centrifuge at 1,590xg for 15 min and kept frozen at
-30°C until assayed. Serum BDNF and TNF-a concentrations
were measured by quantitative sandwich enzyme-linked im-
munoassay. High-sensitivity C-reactive protein (hsCRP) levels
were measured by nephelometry, and IL-6 levels were mea-
sured by covalent enzyme-linked immunoassays (SRL Inc.,
Tokyo, Japan).

Statistical analyses

We tested the continuous variables for normal distribution
using an F-test. We performed parametric tests (t-test and Pear-
sons correlation) or nonparametric tests (Mann—-Whitney U
test and Spearman’s rank correlation) according to the devia-
tion of the distributions. We used the chi-squared test to com-
pare the categorical variables between the two groups. To
identify the factors contributing to DMX-positive cases, we
performed multiple logistic regression analyses (forward step-
wise selection method) using five independent variables (age,
sex, total QIDS-SR-] score, bipolar diagnosis, and BDNF). We
used IBM SPSS Statistics of Windows, Version 27.0 (IBM
Corp., Armonk, NY, USA) for all statistical analyses. We con-
sidered a two-tailed p<0.05 a statistically significant difference.

Subgroup analyses

Subgroup analyses were independently conducted for the
patients with BD and MDD. Initially, the participants were
categorized into BD (n=40) or MDD (n=96) groups. Subse-
quently, the means of the DMX-positive and DMX-negative



groups were compared separately for each category. An inde-
pendent t-test was employed for normally distributed data,
whereas a Mann—Whitney U test was utilized for non-nor-
mally distributed data. We used the chi-squared test to com-
pare the categorical variables between the two groups. Finally,
a logistic regression analysis was performed using DMX pos-
itivity as the dependent variable and age, sex, total QIDS-SR-]
scores, serum IL-6 concentration, and serum BDNF concen-
tration as independent variables in the subgroups of patients
with BD and MDD.

Research ethics

All patients provided written informed consent for volun-
tary participation in the study. We anonymized all data and
used only coded and grouped data for analysis. We explained
the purpose of the study, our measures to protect personal in-
formation, and the patients’ right to withdraw from the study.
We conducted the study in accordance with the principles of
the Declaration of Helsinki. The Ethics Committee of the Uni-
versity of the Ryukyus for Medical and Health Research In-
volving Human Subjects approved the study protocol (approval
number: 658 originally and 1,682 after amendment in response
to changes in Japanese clinical research law).

RESULTS

Group comparison of clinical backgrounds and
biological data

Table 1 shows the clinical background and biological data
of the DMX-positive and -negative groups. Among these vari-
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ables, age at baseline was lower in the DMX-positive group
than in the DMX-negative group (37.0 [25.0-50.0] vs. 45.5
[31.0-63.5] years, p=0.049). The rate of bipolar diagnosis was
higher in the DMX-positive group than in the DMX-negative
group (44.4% vs. 19.5%, p=0.002). The total QIDS-SR-] score
was higher in the DMX-positive group than in the DMX-neg-
ative group (20.0 [17.0-22.5] vs. 15.0 [12.0-18.0], p<0.001). The
DMX-positive group had a higher serum BDNF concentra-
tion than the DMX-negative group (30.2+7.4 ng/mL vs. 26.7+
7.4 ng/mL, p=0.009). We found no significant differences in
sex, body mass index (BMI), Brinkman index, antidepressant
dose (imipramine equivalence), antipsychotic dose (chlorprom-
azine equivalence), or serum concentrations of IL-6, TNF-q,
and hsCRP between the two groups (Table 1).

Correlations between biomarkers and severity of
depression or DMX

We found no significant correlations between the total QIDS-
SR-J scores and serum concentrations of TNF-a (r,=0.012, p=
0.891), IL-6 (r,=0.021, p=0.081), and hsCRP (r,=0.004, p=0.964).
In addition, there was no significant correlation between the
total QIDS-SR-] scores and serum BDNF concentrations (r=
0.038, p=0.662). When we examined the correlations between
QIDS-SR-] and BDNF separately in the DMX-positive or -neg-
ative groups, the correlation was negative in the DMX-nega-
tive group (r=-0.200, p=0.071) but positive in the DMX-pos-
itive group (r=0.239, p=0.081), although these correlations
were not significant (Supplementary Figure 1 in the online-
only Data Supplement).

We found a weak but positive correlation between the total

Table 1. Comparison of clinical characteristics and biological data in patients with and without depressive mixed state

DMX-negative (N=82) DMX-positive (N=54) p
Age at baseline (yr) 455 (31.0-63.5) 37.0 (25.0-50.0) 0.049*
Sex, male/female 31/51 (37.8/62.2) 15/39 (27.8/72.2) 0.227
BMI (kg/m?) 22.0(19.3-24.8) 21.7 (18.9-26.7) 0.989*
Brinkman index 0(0-0) 0 (0-100) 0.188*
Imipramine equivalence (mg) 0(0-75) 0(0-75) 0.423*
Chlorpromazine equivalence (mg) 0(0-75) 0 (0-25) 0.823*
Diagnosis of the mood disorder, MDD/BD 66/16 (80.5/19.5) 30/24 (65.6/44.4) 0.002f
Total score of the QIDS-SR-] 15.0 (12.0-18.0) 20.0 (17.0-22.5) <0.001*
IL-6 (pg/mL) 1.3 (0.8-2.6) 1.3(0.8-2.1) 0.573*
TNF-a (pg/mL) 0.9 (0.7-1.1) 0.9 (0.7-1.0) 0.573*
High-sensitivity CRP (mg/L) 0.36 (0.15-0.99) 0.32 (0.15-1.60) 0.878*
Serum BDNF concentration (ng/mL) 26.7+7.4 30.2+7.4 0.009*

*Mann-Whitney U test (data in median and range); Tchi-squared test (data in number and percentage); *independent sample t-test (data in
meantstandard deviation). DMX, depressive mixed state; BMI, body mass index; MDD, major depressive disorder; BD, bipolar disorders;
QIDS-SR-J, Quick Inventory of Depressive Symptomatology Self-Report Japanese version; IL-6, interleukin-6; TNF-a, tumor necrosis factor-

alpha; CRP, C-reactive protein; BDNE, brain-derived neurotrophic factor
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DMX-8 scores and serum BDNF concentrations (r=0.190, p=
0.027), as shown in Figure 1. In contrast, we found no signifi-
cant correlations between the total DMX-8 scores and serum
concentrations of TNF-a (r;=0.066, p=0.445), IL-6 (r,=0.136,
p=0.115), and hsCRP (r,=0.014, p=0.870).

Logistic regression analysis to determine DMX risk
factors

Multiple logistic regression analysis with five independent
variables (age, sex, bipolar diagnosis, depression severity [total
QIDS-SR-] score], and serum BDNF concentration) showed
that a bipolar diagnosis (odds ratio [OR]=3.43, 95% confi-
dence interval [CI]=1.36-8.66, p=0.009), total QIDS-SR-]

Subgroup analysis

Serum IL-6 levels were significantly lower (1.0 [0.7-1.9]
pg/mL vs. 2.0 [1.2-3.0] pg/mL, p=0.036), and total QIDS-SR-]
scores were significantly higher (19.9+3.6 vs. 14.1+3.7, p<0.001)

Table 2. Logistic regression analysis of screening-positive cases
for depressive mixed state

B Wald OR
Age -0.02 1.73  0.98
Sex -0.16  0.12 0.85
Bipolar diagnosis ~ 1.23  6.80  3.43
Total scores of the ~ 0.25 20.55  1.29

95% CI p
0.96-1.01  0.188
034-2.15 0.733
1.36-8.66  0.009
1.15-1.43  <0.001

score (OR=1.29, 95% CI=1.15-1.43, p<0.001), and serum QIDS-SR-]
BDNF concentration (OR=1.07, 95% CI=1.00~1.14, p=0.045) Serum BDNF 007 403 107 1.00-114 0.045
concentration

were significantly associated with the DMX-positive group
(Table 2).

Male coded as 0, female coded as 1. OR, odds ratio; CI, confidence
interval; QIDS-SR-J, Quick Inventory of Depressive Symptomatol-
ogy Self-Report Japanese version; BDNE, brain-derived neuro-
trophic factor
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Figure 1. Correlations of serum concentrations of BDNF (A), TNF-a (B), IL-6 (C), and hsCRP (D) with severity of depressive mixed state
(DMX) assessed by DMX-8 scores. r: Pearson’s correlation coefficient. rs: Spearman’s correlation coefficient. p<0.05 was considered a sig-
nificant correlation. BDNF, brain-derived neurotrophic factor; IL-6, interleukin-6; TNF-a, tumor necrosis factor-alpha; hsCRP, high-sensitivity
C-reactive protein.
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in the BD with DMX-positive group compared with the BD
with DMX-negative group (Supplementary Table 1 in the on-
line-only Data Supplement). BDNF levels (30.4+7.7 ng/mL
vs. 26.917.9 ng/mL, p=0.043) and total QIDS-SR-] scores
(18.7+4.2 vs. 14.7£5.1, p<0.001) in the MDD with DMX-pos-
itive group were significantly higher than those in the MDD
with DMX-negative group (Supplementary Table 2 in the on-
line-only Data Supplement). Logistic regression analyses re-
vealed that only the total QIDS-SR-] score was a significant
factor associated with both BD and MDD subgroups (BD:
OR=2.52, 95% CI=1.17-5.43, p=0.018; MDD: OR=1.22, 95%
CI=1.08-1.37, p<0.001) (Supplementary Tables 3 and 4 in the
online-only Data Supplement).

DISCUSSION

In this study, bipolar diagnosis and severity of depression
were significant predictors of DMX (Table 2). These findings
were consistent with our previous studies.”*' Other studies also
support the close association between DMX and bipolarity>*
or depressive severity, together with higher suicidality and
more functional impairment.'** Thus, bipolarity and severe
depression are established risk factors for DMX.

We highlighted neuroinflammatory and neuroprotective
biomarkers as plausible predictors of DMX and found that se-
rum BDNF was a significant factor independently associated
with DMX positivity. However, we found no associations be-
tween DMX and neuroinflammatory biomarkers, such as IL-6,
TNF-a, or hsCRP.

Several meta-analyses of studies of BDNF in patients with
MDD have provided strong evidence that serum BDNF con-
centrations decrease during the depressive phase but normal-
ize following successful antidepressant treatment.**** One me-
ta-analysis"” showed that BDNF concentrations were lower in
patients with BD than in healthy controls in both manic and
depressive states but not in the euthymic state. However, BDNF
concentrations normalized after pharmacological treatment
in the manic state. The above findings suggest that BDNF con-
centrations are reduced during a mood episode but reversibly
normalized by successful treatment. Therefore, BDNF may
serve as a state marker for both MDD and BD independent of
the polarity of mood episodes.

The BDNF concentration was higher in the DMX-positive
group than in the DMX-negative group (Table 1) and positively
related to the severity of DMX (Figure 1), which may at least
partly explain why BDNF acts as a possible determinant for
the development of DMX (Table 2). Although BDNF concen-
trations tended to decrease with depression severity in the
DMX-negative patients, the opposite occurred in DMX-pos-
itive patients (Supplementary Figure 1 in the online-only Data
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Supplement) despite greater depression severity (Table 1). There-
fore, our overall results suggest that DMX severity is closely as-
sociated with elevated BDNF concentrations. Previous studies
investigating the association between DMX and serum BDNF
levels in patients with BD have shown inconsistent results re-
garding the comparison of BDNF levels in DMX groups and
healthy controls. On the other hand, BDNF levels in BD with
DMX was consistently reported to be higher than in BD with
depressive episode. A previous study comparing BD with the
DMX or depressive episode and healthy controls found that
BDNF levels in the BD with DMX episode group were signifi-
cantly lower than those in the healthy control group.” A me-
ta-analysis examining BDNF levels across patients with differ-
ent phases of BD and healthy controls suggested that BDNF
levels in the control group were significantly higher than those
in the depressive episode group and tended to be lower than
those in the DMX group in BD patients, albeit with no statis-
tical significance.” These findings were in line with the present
study, which observed significantly elevated BDNF levels in
the DMX-positive group relative to the DMX-negative group.

Although the mechanism linking BDNF with DMX is un-
clear, the DMX-positive group had apparently higher BDNF
concentrations than the DMX-negative group despite greater
depression severity (Table 1). However, there is no clear ex-
planation for this paradoxical response. Given that DMX is a
mixture of depression and mania, BDNF should be much lower
due to the additional or synergistic effects of both polarities
since BDNF concentrations were lowered during both depres-
sive and manic episodes."” Our results suggest that the mixed
state itself had potent inducing effects on BDNF secretion
beyond suppressed BDNF kinetics under depressive patho-
physiology or that BDNF increased as a compensatory mech-
anism to counteract severe depression, which might result in
expression as the DMX phenotype. Thus, we can further spec-
ulate that DMX is not damage resulting from the depressive-
manic mixture but a regeneration process to overcome the de-
pressive pathophysiology. Future studies should focus on the
longitudinal course of DMX from a full-blown episode to re-
covery in relation to intraindividual changes in BDNF concen-
trations to confirm this hypothesis.

Previous studies suggested that BDNF level tends to be
higher in younger age groups.””* In this study, the DMX-pos-
itive group was significantly younger than the DMX-negative
group. Therefore, age might be associated with BDNF levels
in the DMX-positive group, even though statistical significance
disappeared after controlling confounding factors with multi-
variate analysis. Future studies with hierarchical analysis de-
pending on age will be needed to clarify the relationship among
DMZX, BDNF concentrations, and age.

BDNF exists in two distinct forms: mature BDNF and
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proBDNE each exhibiting unique properties. Mature BDNF
is known to promote neurogenesis and neuroplasticity and
suppress the production of inflammatory cytokines and dis-
plays reduced levels in conditions such as MDD. In contrast,
proBDNE, associated with cell apoptosis and inflammatory
responses, is observed to increase under inflammatory states
and in MDD.** In the current study, our primary focus was
the measurement of mature BDNFE. However, given the spec-
ifications of the assay kit employed, there may have been an ap-
proximate 13% cross-reactivity with proBDNE. Consequently,
it is possible that our measurements represented a combina-
tion of mature BDNF and proBDNF concentrations. A note-
worthy direction for future research is to differentiate the mea-
surements of mature BDNF and proBDNF using a more precise
assay kit. This enhancement will allow a clearer understand-
ing of how these two forms of BDNF interrelate and contrib-
ute individually to conditions such as MDD and inflamma-
tory states.

In our study, pro-inflammatory cytokines were not signifi-
cantly associated with DMX. A previous study reported that
inflammatory cytokines, such as TNF-a and IL-6, were ele-
vated in the DMX of BD."® However, a meta-analysis of stud-
ies of inflammatory cytokines in patients with BD showed that
TNF-a but not IL-6 was elevated during DMX episodes.”® A
more recent systematic review and meta-analysis showed that
the levels of hsCRP, IL-6, and TNF-a were not determinants
for distinguishing the different mood phases of BD." As men-
tioned above, the results of previous studies investigating in-
flammatory cytokines in a mixed-mood-disorder state have
been inconsistent. Accordingly, our results suggest that inflam-
matory cytokines are unlikely to play an important role in DMX
pathophysiology.

Our subgroup analysis showed that IL-6 in BD subjects with-
in the DMX-positive group was significantly lower than that
in the DMX-negative group. However, multivariate logistic
regression analysis showed no significant association between
the DMX-positive group and IL-6 levels after controlling con-
founding factors.” Although the reason for this phenomenon
was unclear, previous studies reported inconsistent results
regarding the relationship between BD with DMX and IL-6
levels. A previous study indicated elevated IL-6 levels in patients
with BD in the DMX group, as compared to both healthy con-
trols and the BD with major depressive episode group.'® Con-
versely, another study reported no significant differences in
IL-6 levels between the BD with DMX and healthy control
groups.” Given these inconsistent findings, further studies con-
trolling confounding factors associated with the IL-6 level, such
as smoking and BMI,* will be needed to confirm the relation-
ship between DMX and IL-6.

This study has several limitations. First, it was conducted
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as a single-center design with a relatively small sample size,
which could have weakened the power of the statistical anal-
ysis. Therefore, a study with a larger sample size is needed. Sec-
ond, this was a cross-sectional study. Therefore, the causal re-
lationship between DMX and BDNF remains unclear. Third,
psychotropic medications such as antidepressants, antipsychot-
ics, and lithium might have affected inflammatory cytokine or
BDNF concentrations, as previously reported.'”*> However, it
was difficult to evaluate the impact of the medications on the
inflammatory cytokine or BDNF concentrations because most
of the patients recruited in this study received a complicated
combination of medications, although there was no difference
between the DMX-positive and -negative groups at doses equiv-
alent to imipramine and chlorpromazine (Table 1). Finally, the
study primarily relied on self-administered scales for assessing
depression and DMX. The absence of a physician-rated scale
might have introduced a degree of subjective bias to the out-
comes. Therefore, future research should consider incorporat-
ing both self-reported and physician-rated scales to achieve a
more comprehensive evaluation.

In conclusion, our data showed BDNF to be an independent
factor associated with DMX. These findings provide evidence
that neurotrophic factors might be involved in the pathophys-
iology of DMX. Further confirmatory studies on the involve-
ment of neurotrophic factors in any mood episode, including
DMZX, should be conducted with a larger sample size to con-
firm the present data.
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Supplementary Table 1. Comparison of clinical characteristics and biological data in BD patients with and without depressive mixed state
(DMX)

DMX-negative (N=16) DMX-positive (N=24) p
Age at baseline (yr) 45,0 (25.8-56.3) 36.5 (25.0-53.3) 0.498*
Sex, male/female 4/12 (25/75) 4/20 (16/84) 0.690"
BMI (kg/m?) 22.1(20.5-30.7) 21.5 (19.7-26.9) 0.423*
Brinkman index 0 (0-45.5) 0 (0-87.5) 0.550*
Imipramine equivalence (mg) 0(0-18.8) 0(0-18.8) 1.000*
Chlorpromazine equivalence (mg) 75.0 (0-179.3) 6.3 (0-118.8) 0.264*
Total score of the QIDS-SR-J 14.1+3.7 19.9+3.6 <0.001*
IL-6 (pg/mL) 2.0 (1.2-3.0) 1.0 (0.7-1.9) 0.036*
TNF-a (pg/mL) 0.9 (0.6-1.0) 0.8 (0.6-1.0) 0.262*
High-sensitivity CRP (mg/L) 0.5 (0.2-1.1) 0.3 (0.1-1.6) 0.679*
Serum BDNF concentration (ng/mL) 26.0+6.1 29.9+6.9 0.075%

*Mann-Whitney U test (data in median and range); Tchi-squared test (data in number and percentage); *independent sample t-test (data in
meantstandard deviation). BD, bipolar disorder; BMI, body mass index; QIDS-SR-J, Quick Inventory of Depressive Symptomatology Self-
Report Japanese version; IL-6, interleukin-6; TNF-a, tumor necrosis factor-alpha; CRP, C-reactive protein; BDNF, brain-derived neurotrophic
factor



Supplementary Table 2. Comparison of clinical characteristics and biological data in MDD patients with and without depressive mixed
state (DMX)

DMX-negative (N=66) DMX-positive (N=30) p
Age at baseline (yr) 450 (31.8-64.3) 38.5 (24.0-51.3) 0.075*
Sex, male/female 27/39 (41/59) 11/19 (37/63) 0.6947
BMI (kg/m?) 21.8 (19.1-24.7) 22.0 (18.5-26.0) 0.879*
Brinkman index 0 (0-0) 0 (0-105.0) 0.444*
Imipramine equivalence (mg) 0(0-112.5) 0(0-81.3) 0.790*
Chlorpromazine equivalence (mg) 0(0-0) 0(0-0) 0.668*
Total score of the QIDS-SR-] 14.745.1 18.74+4.2 <0.001%
IL-6 (pg/mL) 1.3(0.8-2.2) 1.6 (1.1-2.2) 0.326*
TNF-a (pg/mL) 0.9 (0.7-1.1) 1.0 (0.8-1.1) 0.495*
High-sensitivity CRP (mg/L) 0.3(0.1-0.9) 0.3(0.1-1.3) 0.767*
Serum BDNF concentration (ng/mL) 26.9+7.7 30.4£7.9 0.043%

*Mann-Whitney U test (data in median and range); Tchi-squared test (data in number and percentage); *independent sample t-test (data in
meantstandard deviation). MDD, major depressive disorder; BMI, body mass index; QIDS-SR-], Quick Inventory of Depressive Symptom-
atology Self- Report Japanese version; IL-6, interleukin-6; TNF-a, tumor necrosis factor-alpha; CRP, C-reactive protein; BDNE, brain-derived
neurotrophic factor



Supplementary Table 3. Logistic regression analysis of screening-positive cases for depressive mixed state in BD patients

B Wald OR 95% CI P
Age 0.04 0.72 1.04 0.95-1.13 0.395
Sex -2.64 2.43 0.07 0.00-1.97 0.119
Total scores of the QIDS-SR-] 0.93 5.61 2.52 1.17-5.43 0.018
Serum IL-6 concentration -0.65 1.59 0.52 0.19-1.43 0.207
Serum BDNF concentration 0.11 1.36 1.12 0.93-1.35 0.244

Male coded as 0, female coded as 1. BD, bipolar disorder; OR, odds ratio; CI, confidence interval; QIDS-SR-], Quick Inventory of Depressive
Symptomatology Self- Report Japanese version; IL-6, interleukin-6; BDNE, brain-derived neurotrophic factor



Supplementary Table 4. Logistic regression analysis of screening-positive cases for depressive mixed state in MDD patients

B Wald OR 95% CI P
Age -0.02 1.58 0.98 0.96-1.01 0.209
Sex -0.02 0.00 1.02 0.36-2.86 0.975
Total scores of the QIDS-SR-] 0.20 10.84 1.22 1.08-1.37 <0.001
Serum IL-6 concentration 0.02 0.05 1.02 0.88-1.18 0.818
Serum BDNF concentration 0.06 2.46 1.06 0.99-1.14 0.117

Male coded as 0, female coded as 1. MDD, major depressive disorder; OR, odds ratio; CI, confidence interval; QIDS-SR-], Quick Inventory of
Depressive Symptomatology Self- Report Japanese version; IL-6, interleukin-6; BDNE brain-derived neurotrophic factor
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Supplementary Figure 1. Correlations between QIDS-SR-J scores and serum BDNF concentrations in DMX-negative (A) and DMX-posi-
tive (B) groups. BDNF, brain-derived neurotrophic factor; QIDS-SR-J, Quick Inventory of Depressive Symptomatology Self- Report Japa-
nese version; DMX, depressive mixed state.



