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Abstract There is a high rate of misdiagnosis between major
depressive disorder (MDD) and bipolar disorder (BD) in clin-
ical practice. Our previous work provided suggestive evidence
for brain-derived neurotrophic factor (BDNF) in differentiat-
ing BD from MDD. In this study, we aimed to investigate the
role of mature BDNF (mBDNF) and its precursor (proBDNF)
in distinguishing bipolar depression (BP) from MDD during
acute depressive episode. A total of 105 participants, including
44 healthy controls, 37MDD patients and 24 BP patients, were
recruited. Enzyme-linked immunosorbent assay kits were
applied tomeasure plasmamBDNF levels and proBDNF levels
of all participants. Plasma mBDNF levels were significantly
decreased in BP group than those in MDD group (P = 0.001)
and healthy controls (P = 0.002). Significantly higher ratio of
mBDNF to proBDNF (M/P) at baseline was showed in MDD
group than those in BP group as well as in healthy controls
(P = 0.000 and P = 0.000, respectively). The optimal model
for discriminating BP was the M/P ratio (area under the ROC
curve = 0.858, 95 % CI 0.753–0.963). Furthermore, the M/P
ratio was restored to normal levels after antidepressants treat-
ment in MDD group. In summary, our data demonstrated that

both plasma mBDNF levels and M/P ratio were lower in BP
compared with MDD. These findings further support M/P ratio
as a potential differential diagnostic biomarker for BP among
patients in depressive episodes.
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Introduction

Major depressive disorder (MDD) and bipolar disorder (BD)
are both common and severe psychiatric disorders with high
misdiagnosis rate and heavy disease burden [1]. However,
there is a high misdiagnosis rate of bipolar depression (BP)
just based on symptomology in depressive patients whose
previous manic or mixed episodes have not been well-
recognized [2, 3]. In clinics, mood screening scales are com-
monly used as adjuvant tools to differentiate BP from MDD
[4]. However, biomarkers in laboratory examination or neu-
roimaging for correctly diagnosis of BPmay bemore sensitive
and objective. To develop specific biomarkers of BP would be
a great help to correct treatment and rapid recovery for BP
patients.

Brain-derived neurotrophic factor (BDNF) is an essential
neurotrophic factor for neurogenesis and synaptic plasticity.
There is accumulating evidence for its role in the pathophys-
iology of psychiatric disorders [5–7]. The association of
BDNF and mood disorders has been widely explored in clin-
ical studies and in animal models [8, 9]. Up to now, a number
of clinical studies on different aspects of the association of
BDNF and mood disorders, such as serum/plasma levels,
mRNA levels and gene variations, have emerged in recent
years [10–13]. BDNF protein levels in BD patients were re-
ported to be decreased, regardless of depressive episodes,
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manic ones, or mixed ones [14–16]. Based on a meta-analysis
of 52 clinical studies, peripheral BDNF has been suggested as
a potential biomarker of disease activity in BD [11].
Meanwhile, a number of studies have reported decreased
BDNF mRNA and protein levels in MDD patients [17–19].
Also, BDNF protein levels have been consistently reported to
be associated with the prognosis of MDD and BD [20, 21].

Although plenty of evidences have demonstrated that
BDNF levels were decreased during acute mood episodes
both in BD and MDD [10, 11, 20, 22, 23], the same trajectory
from acute episodes to remission did not necessarily indicated
the same peripheral BDNF levels between MDD and BP. In
2009, Fernandes et al. [24] performed a study to investigate
whether BDNF could be a differential diagnosis biomarker for
depressive episodes and found decreased serum BDNF levels
in BP compared with unipolar depression and controls with
high accuracy. However, only protein levels of BDNF were
not enough to be applied as a diagnostic tool due to its lack of
specificity during acute episodes [14]. A 3-year prospective
study pointed out that plasma BDNF levels alone on admis-
sion (only when combined with mRNA) did not properly
discriminate bipolar from unipolar depression [25]. Thus, al-
though some progress has been made in this area, the role of
BDNF in differentiation between BP and MDD remains fur-
ther investigation.

It is known that BDNF has two forms in blood: mature
BDNF (mBDNF) and precursor BDNF (proBDNF) which
elicits opposite effects in central nervous system [26, 27].
mBDNF is formed from the cleavage of proBDNF [28, 29],
and therefore, the ratio of mBDNF to proBDNF (M/P) may
reflect the metabolism of BDNF and serve as an index
reflecting different biological function of mBDNF and
proBDNF in brain [30]. It was shown that M/P ratio reduced
in midbrain and hippocampus of aggressive rats [30].
Furthermore, the ratio of proBDNF/total BDNF was regarded
as a highly predictive novel quantitative biomarker to detect
stress in fishes [31]. Therefore, M/P ratio may be a more
sensitive index than only BDNF (or proBDNF) in consider-
ation of BDNF changes in central nervous system.

To our knowledge, the previous human BDNF enzyme-
linked immunosorbent assay (ELISA) kits used in these stud-
ies had the limitation to distinguish mBDNF and proBDNF
[32]. With the development of ELISA kits used to measure
mBDNF and proBDNF separately, several studies have been
carried out to explore the association between proBDNF and
mood disorders as well as proBDNF and medication in recent
years [33, 34]. Prior literatures reported higher serummBDNF
and lower proBDNF in BD patients [35], while lower serum
mBDNF and higher serum proBDNF was reported in MDD
patients [36, 37]. However, there is scarcity of data on the role
of proBDNF and mBDNF in differential diagnosis of BP and
MDD. In view of the inconsistent changes of mBDNF and
proBDNF in peripheral blood in BD and MDD patients, we

hypothesised that M/P ratio may have potential diagnostic
values for distinguishing BP from MDD in the present study.
A major objective of the present study was to determine
whether plasma mBDNF levels, proBDNF levels and M/P
ratio were different in BP and MDD. We also focused on the
relationship of M/P ratio and antidepressants therapy in pa-
tients with MDD.

Materials and Methods

Participants

Participants aged from 18 to 50 years were recruited from
Shanghai Mental Health Center from June 2014 to
May 2015. The study was reviewed and approved by the
Institutional Review Board of Shanghai Mental Health
Centre, and all protocols related to human experiments were
conducted in accordance with the Declaration of Helsinki. All
participants received a detailed explanation of the study and
written informed consent was obtained from all individuals
prior to their inclusion. We made sure all of them knew the
potential risks and benefits of our study before their
participation.

All participants underwent the Structured Clinical
Interview for DSM-IV-TR Axis I Disorders-Patient Edition
(SCID-I/P) and patients were diagnosed according to DSM-
IV-TR criteria for MDD and bipolar I disorder. Demographic
data on age, gender, education, marriage and clinical charac-
teristics, including age of the first onset, numbers of episodes,
total duration of illness and family history of psychiatric dis-
orders, were collected. MDD patients were treated with SSRIs
and BP patients were treated with lithium monotherapy,
quetipine monotherapy, or combination therapy of lithium
and quetipine (see Supplementary Table S1). Only
Benzodiazepines were allowed to improve insomnia for
short-term use. Assessments of Hamilton Rating Scale for
Depression-17 (HAMD), Hamilton Rating Scale for Anxiety
(HAMA) and Young Mania Rating Scale (YMRS) were con-
ducted independently by two experienced psychiatrists on ad-
mission and at weeks 2, 4, 6, 8 and 12, respectively. The 16-
ItemQuick Inventory of Depressive Symptomatology (QIDS)
was conducted by patients themselves. Drug-free patients who
did not take any psychotropic medications during the period
of 3 months before enrolment with HAMD score of >17 were
recruited. Exclusion criteria included: comorbid other Axis I
psychiatric disorders including those with anxiety disorder,
schizophrenia, nicotine dependence and use, alcohol depen-
dence and other substance abuse; severe medical illness (e.g.
cancer and diabetes) and organic brain disease; and those who
were pregnant or breastfeeding.

Healthy controls without any major Axis I disorders, pos-
itive family history of psychiatric disorders and severe
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physical diseases were recruited by advertisement and those
whose scores of HAMD were less than 7 were enrolled. The
QIDS was conducted by controls themselves.

Measurements

On admission, 10 ml peripheral venous blood of each fasting
participant was collected in EDTA tubes between 7 a.m. and
9 a.m. In MDD group, we also intended to collect peripheral
venous blood at week 12. Peripheral venous blood was cen-
trifuged at 3000 rpm at 4 ˚C for 20 min and plasma samples
were separated immediately. All plasma samples were then
frozen to −80 ˚C for analysing simultaneously. ELISA kits
(Code number: HEB005 and HEP142) were respectively ap-
plied to exam plasma levels of mBDNF and proBDNF. The
reproducibility of the assay was tested prior to the measure-
ment of the samples and the inter-assay coefficient of variation
was 4.41 %. Each plasma sample was measured in duplicate
by the ELISA assay according to the manufacturer’s introduc-
tions (Shanghai Bogoo Biotechnology Co., Ltd. Shanghai,
China). The microplate reader (Mulltiskan MK3, Thermo
Electron, USA) was set at 450 nmwave length and the optical
density (OD) values were measured. Plasma levels of
mBDNF and proBDNF in testing samples can be calculated
based on standard curve thereby. The laboratory technicians
who were responsible for analysing plasma mBDNF and
proBDNF were masked to the status of all participants.

Statistical Methods

In our study, SPSS 18 for Windows (SPSS Inc., Chicago, IL,
USA) was used for statistical computations. Data were exam-
ined for normality using the Kolmogorov-Smirnov test.
Demographic data and clinical characteristics were analysed
using chi-squared, Student’s t test or ANOVA (one way) as
appropriate. The post hoc multiple comparisons were per-
formed to identify the differences between groups and the
significance level was set at <0.017 (Bonferroni correction,
0.05/3). Repeated measures in linear mixed models were con-
ducted to assess effects of medications on scores of HAMD,
HAMA and QIDS before and after treatment. Variables in-
cluded in the linear mixed models were age, gender and time.
Because the data of mBDNF, proBDNF and M/P ratio did not
satisfy normal distribution, we performed comparisons using
Kruskal-Wallis test for independent samples among three
groups, Mann-Whitney U test for multiple comparisons and
Wilcoxon test for two related samples to compare the changes
before and after treatment. Spearman rank correlation analysis
was also conducted among mBDNF, proBDNF, M/P ratio and
clinical characteristics. To determine the best model for differ-
entiating BP from MDD at depressive episode, the discrimi-
natory capacity of each model (plasma mBDNF, plasma
proBDNF andM/P ratio) was analysed by calculating the area

under the receiver operating characteristic (ROC) curve using
logistic regression. The optimal cut-off from ROC curve anal-
ysis was determined under the Youden index criterion.
Significance was set at P < 0.05.

Results

Demographic Data of Participants

A total of 105 participants were recruited, including 44
healthy controls, 37 MDD patients and 24 BP patients.
There was no significant difference of demographic data in
terms of age (F = 0.202, P = 0.140), marriage (χ2 = 2.227,
P = 0.694) and gender (χ2 = 0.184, P = 0.912), but education
years (F = 6.524, P = 0.002; Table 1).

Clinical Characteristics and Scale Scores

Significant difference was found in the comparison between
MDD group and BP group in terms of episode numbers and
total duration except age of first episode (P = 0.010, P = 0.001
and P = 0.190, respectively). There was no significant differ-
ence in terms of QIDS, YMRS and HAMA except HAMD
between MDD and BP at baseline (P = 0.921, P = 0.726,
P = 0.961 and P = 0.008, respectively). The healthy controls
showed significant lower QIDS (1.82 ± 1.67) compared with
MDD group and BP group (P = 0.000 and P = 0.000; respec-
tively). All the linear mixed models comparing HAMD,
HAMA and QIDS scores before and after medications includ-
ed time as fixed factors in MDD group (P = 0.000, P = 0.000
and P = 0.000, respectively) and BP group (P = 0.000,
P = 0.000 and P = 0.001, respectively; Table 2 and
Supplementary Table S2).

Plasma mBDNF Levels, proBDNF Levels and M/P Ratio

At baseline, there was significant difference in terms of
mBDNF levels among MDD group, BP group and healthy
controls (P = 0.000; Table 3). Multiple comparisons were
performed to analyse the difference of mBDNF levels among
BP group, MDD group and healthy controls. BP group had
lower plasma mBDNF levels than those in MDD group
(269.17 ± 159.23 vs. 397.30 ± 104.81, P = 0.000) as well as
those in heal thy cont ro ls (269.17 ± 159.23 vs .
353.80 ± 138.67, P = 0.002). There was no significant differ-
ence between MDD group and heal thy controls
(397.30 ± 104.81 vs. 353.80 ± 138.67, P = 0.034).

There was no difference in terms of proBDNF levels
among MDD group, BP group and healthy controls
(P = 0.185; Table 3). Additionally, no significant difference
between groups was found when the post hoc multiple
comparisons was performed (BP vs. MDD 91.55 ± 62.06
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vs. 69.04 ± 22.15, P = 0.223; BP vs. healthy controls
91.55 ± 62.06 vs. 92.13 ± 55.44, P = 0.852; MDD vs.
healthy controls 69.04 ± 22.15 vs. 92.13 ± 55.44,
P = 0.073; respectively).

There was a significant difference among MDD group, BP
group and healthy controls in terms of the baseline M/P ratio
(P = 0.000; Table 3). MDD group had higher baseline M/P
ratio than those in BP group and healthy controls (6.12 ± 1.86
vs. 3.43 ± 1.86, P = 0.000; 6.12 ± 1.86 vs. 4.63 ± 2.70,
P = 0.000; respectively). BP group showed no significant

difference in terms of the baseline M/P ratio compared with
healthy controls (3.43 ± 1.86 vs. 4.63 ± 2.70, P = 0.026).

To determine the best model for discriminating BP in de-
pressive episode, discriminatory capacity was analysed by
calculating the area under the ROC curve using logistic re-
gression. The areas of mBDNF, proBDNF and M/P ratio un-
der the ROC curves were, respectively, 0.780 (95%CI 0.638–
0.922), 0.593 (95 % CI 0.434–0.752) and 0.858 (95 % CI
0.753–0.963; Fig. 1). Thus, the best model for discriminating
BP was M/P ratio. The cut-point with optimal sensitivity and

Table 2 Clinical characteristics of the three groups

Controls MDD BP F(t)/χ2a Pa

Baseline Baseline 12 weeks Baseline 12 weeks

Mean
(S.D.)

n Mean
(S.D.)

n Mean
(S.D.)

n Mean
(S.D.)

n Mean
(S.D.)

n

Age of first onset (years) NA 27.14 (6.83) 21 23.47 (10.37) 19 1.334 0.190

Episode numbers NA 2.10 (2.34) 20 3.89 (1.57) 18 2.738 0.010

Total duration (months) NA 26.44 (35.26) 22 107.67 (79.08) 18 4.041 0.001

HAMD NA 22.90 (4.94) 37 13.33 (9.36)b** 37 27.51 (7.00) 24 15.85 (10.87)b** 24 2.807 0.008

YMRS NA 1.11 (1.81) 35 0.89 (1.17) 9 0.353 0.726

QIDS 1.82 (1.67) 44 15.57 (5.01) 37 11.38 (7.08)b** 37 15.67 (4.51) 24 13.33 (5.87)b** 24 166.240 0.000

HAMA NA 19.89 (7.67) 37 12.24 (8.61)b** 37 19.79 (8.03) 24 13.13 (9.39)b** 24 0.049 0.961

n % n %

Positive family history of
psychiatric disorders

NA 5 13.5 7 29.2 2.257 0.133

MDDmajor depressive disorder, BP bipolar depression,HAMDHamilton Rating Scale for Depression—17,HAMAHamilton Rating Scale for Anxiety,
YMRS Young Mania Rating Scale, QIDS 16-item Quick Inventory of Depressive Symptomatology
aComparison among healthy controls, MDD group, and BP group at baseline; b Using repeated measures linear mixed models for analysing effects of
medications

P value was assessed using chi-squared, Student’s t test, or ANOVA (one way)

*P < 0.05; **P < 0.01

Table 1 Demographic data of participants

Controls MDD BP F/χ2 P

Mean (S.D.) n Mean (S.D.) n Mean (S.D.) n

Age (years) 29.21 (4.84) 44 30.05(6.00) 37 29.92(8.72) 24 0.202 0.817

Education (years) 15.77(2.73) 44 15.42 (3.02 ) 36 13.25 (2.79) 24 6.524 0.002

n % n % n %

Male 22 50 18 48.6 13 54.2 0.184 0.912

Marriage

Single 21 47.7 19 52.8 13 54.2 2.227 0.694

Married/cohabitation 23 52.3 16 44.4 10 41.7

Divorce/separation 0 0.0 1 2.8 1 4.2

MDD major depressive disorder, BP bipolar depression, F/χ2 comparison among healthy controls, MDD group and BP group

P value was assessed using chi-squared or ANOVA (one way)
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specificity for BP was then identified within the whole de-
pressed patients. An optimal cut-off of M/P ratio was 4.316
which yielded sensitivity of 0.838 and specificity of 0.833.

Correlation Analysis

The results of Spearman rank correlation analysis showed
negat ive associat ion between proBDNF and age
(r = −0.339, P = 0.040) as well as proBDNF and age of first
onset (r = −0.524,P = 0.015) and positive association between
M/P ratio and age of first onset(r = 0.556,P = 0.009) as well as
M/P ratio and age(r = 0.360, P = 0.029) in MDD group. No
other correlation was found among mBDNF, proBDNF, M/P
ratio and clinical characteristics in MDD group and in BP
group. (Table 4).

Changes After Antidepressants Treatment

Furthermore, we compared the alteration of mBDNF,
proBDNF and M/P ratio after antidepressants treatment in
15 MDD patients. After treatment, plasma mBDNF levels
(419.41 ± 129.71 vs. 213.96 ± 87.30, P = 0.001), plasma
proBDNF levels (73.10 ± 17.32 vs. 66.56 ± 65.90,
P = 0.023) and the M/P ratio (5.88 ± 1.78 vs. 4.26 ± 1.93,
P = 0.041) were significantly changed (Fig. 2). In the compar-
ison between healthy controls and MDD group after treat-
ment, significant difference was found in terms of mBDNF,
proBDNF but M/P ratio (P = 0.000, P = 0.008 and P = 0.889,
respectively).

Discussion

Recent meta-analyses demonstrated that BDNF is a biomarker
for disease activity and successful treatment inmood disorders
[11, 14, 20]. However, only few studies were performed to
exam the diagnostic value of BDNF for BP and MDD. In our
previous study, we found that BDNF was a biomarker for
predicting BD in their first depressive episodes [25]. In the
present study, we compared plasma mBDNF levels, plasma
proBDNF levels and M/P ratio in both BP patients and MDD
patients to further explore the diagnostic value of BDNF in
mood disorders.

Some efforts have been done to explore the relationship of
M/P ratio and BD, and the relationship ofM/P ratio andMDD.
Södersten et al. [35] observed that M/P ratio was significantly
higher in mood stabilized BD patients. Yoshida et al. [36]
found decreased serum levels of mBDNF and no difference
of proBDNF in MDD patients, and Zhou et al. [37] reported
higher serum proBDNF levels and lower mBDNF levels in
MDD patients. However, it is still not known about the differ-
ence of M/P ratio between MDD patients and healthy controls
as well as between MDD and BP. To the best of our knowl-
edge, this is the first study to evaluate the diagnostic value of
peripheral plasmamBDNF and proBDNF as well asM/P ratio
as potential biomarkers for differentiating BP and MDD

Table 3 The plasma mBDNF levels, proBDNF levels, and M/P ratio of the three groups at baseline

Controls MDD BP Pa MDD vs Controls BP vs Controls MDD vs BP

Mean (S.D.) n Mean (S.D.) n Mean (S.D.) n Z P Z P Z P

mBDNF, pg/ml 353.80 (138.67) 44 397.30 (104.81) 37 269.17 (159.23) 24 0.000 2.124 0.034 3.029 0.002 3.676 0.000

proBDNF, pg/ml 92.13 (55.44) 44 69.04 (22.15) 37 91.55 (62.06) 24 0.185 1.792 0.073 0.186 0.852 1.218 0.223

M/P 4.63 (2.70) 44 6.12 (1.86) 37 3.43 (1.86) 24 0.000 3.935 0.000 2.220 0.026 4.695 0.000

mBDNF mature brain-derived neurotrophic factor, proBDNF precursor of brain-derived neurotrophic factor, M/P the ratio of mBDNF to proBDNF

MDD major depressive disorder, BP bipolar depression
aComparison among healthy controls, MDD group, and BP group at baseline
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during acute depressive episode. The major findings of the
present study indicated that M/P ratio compared with plasma
mBDNF levels and plasma proBDNF levels was more sensi-
tive for discriminating BP from acute depressive episode. M/P
ratio was higher in MDD patients compared with BP patients
at the acute phase. These results provided preliminary data for
M/P ratio as a biomarker for differential diagnosis of BP.

Although BP and MDD share some similar symptom pro-
files, they are two distinct diseases [38]. Neuroimaging studies
have shown that different activation of brain regions was
found in BP and MDD [39]. Brain structural morphometry
study showed distinct spatially distributed variations in corti-
cal thickness and surface area in patients with BD and MDD
[40]. And the dysfunctions in performing a moral valence
decision task between MDD and BP were significantly differ-
ent in left ventrolateral prefrontal cortex [41]. And the change
of proBDNF and BDNF in different brain regions showed
different directions at the same condition. Literature has re-
ported that proBDNF levels in aggressive rats were increased
in the midbrain and hippocampus but decreased in the frontal
cortex [30]. Previous data have demonstrated different con-
version rates of proBDNF to mBDNF in different regions of
central nervous system. For example, Shirayama et al. [42]
recently found that learned helplessness rats showed a reduc-
tion of BDNF and an increase of proBDNF in the medial
prefrontal cortex; meanwhile, they also found an increase of
BDNF and a reduction of proBDNF in the nucleus accum-
bens. Thus, in the present study, the different M/P ratio be-
tween MDD and BP demonstrated different conversion rates
of proBDNF to mBDNF in peripheral blood plasma of these
two psychiatric illnesses.Whether the variation ofM/P ratio in
BP and MDD was due to the activation of brain is still
unknown.

It has been reported that proBDNF cleavage may be
inhibited by some factors, such as early poor environ-
ment, PC7 (a member of the proprotein convertase family

which are involved in the cleavage of secretory precur-
sors) and acute stress [28, 31, 43]. MMP-9 as an impor-
tant extracellular protease is also implicated in the con-
version of proBDNF to mBDNF. MMP-9 was reported to
correlate positively and significantly with mBDNF in BD
patients [35]. However, there were also studies found no
alteration of MMP-9 in BD and MDD [36, 44]. Thus,
whether the difference of M/P ratio in BP and MDD
was due to the influence of MMP-9 should be further
investigated.

Fernandes et al. [24] have reported serum BDNF levels
in depressive BD patients were lower compared to MDD
patients and controls, but no difference between the MDD
patients and controls. In this study, we found the mBDNF
levels were lower in BP group compared with healthy con-
trols and MDD and no differences between MDD and
healthy controls. Up to now, only Södersten et al. [35] re-
ported increased serum levels of mBDNF in mood-
stabilized BD patients compared with healthy controls.
One possible explanation for these inconsistent results is
that most BD patients in their study have received medica-
tion, such as antidepressants, antipsychotics, lithium and
antiepileptics. It has been reported that medication might
enhance mBDNF levels by promoting the conversion of
proBDNF to mBDNF [45]. Another possible reason is that
the mood states of patients in their study were stabilized,
but patients in the present study were in acute episodes.
Furthermore, one important reason should be noticed is that
the different results among the different studies of BDNF
changes with pharmacological intervention can be due to
differences of BDNF in serum and plasma. It has been
reported that plasma appeared to be more sensitive to detect
earlier changes in BDNF than serum [11, 14, 20]. In con-
trast to previous findings conducted by Yoshimura et al. in
2014 and 2012 [34, 36], we did not find any significant
change of mBDNF in MDD patients compared with healthy

a b c

Fig. 2 Plasma mBDNF, proBDNF and M/P changes during treatment in
major depressive disorder. The plasma mBDNF levels were decreased (a
Z = 3.181, P = 0.001). The plasma proBDNF levels were significantly
changed (b Z = 2.272, P = 0.023). M/P ratio was decreased (c Z = 2.045,

P = 0.041). mBDNFmature brain-derived neurotrophic factor, proBDNF
precursor of brain-derived neurotrophic factor, M/P the ratio of mBDNF
to proBDNF
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controls, which probably would have occurred if we ampli-
fied the sample.

We found that plasma levels of proBDNF did not differ
between any two groups. The differences of proBDNF in
MDD and healthy controls were consistent with previous
studies [34, 36]. In contrast to our results, significant differ-
ence was found between MDD patients and healthy controls
in the study conducted by Zhou et al. [37]. And Södersten
et al. [35] reported lower serum levels of proBDNF in
mood-stabilized BD patients compared with controls.
Consideration of these inconsistent findings leads to the fur-
ther investigation of plasma proBDNF levels in BP patients
and MDD patients.

Another important aim of this study is to evaluate the in-
fluence of antidepressant on mBDNF, proBDNF and M/P
ratio. Our results have demonstrated that plasma mBDNF
levels, plasma proBDNF levels and M/P ratio were signifi-
cantly altered after a 12-week antidepressant therapy and
M/P ratio was restored to normal levels. Yoshimura et al.
[34] have reported that serum proBDNF/BDNF did not
change after 4 weeks of treatment with fluvoxamine in
MDD patients. It is important to note that serum and plasma
levels are likely not comparable and the latter may be more
potential [11]. Recently, Zhang et al. [46] found that electro-
convulsive therapy (ECT) could upregulate proBDNF/
mBDNF ratio in depressive rats. In consideration of anti-
depression effects of ECT, our results may confirm this find-
ing and provide further evidence for psychopharmacological
mechanism of antidepressants. Taken together, these findings
may suggest that the conversion of proBDNF to mBDNFmay
be influenced by antidepressant treatment, whichmay beman-
ifested after 12 weeks of treatment. And these findings also
suggested that M/P ratio like peripheral blood BDNF may be
sensitive in the evaluation of treatment outcomes [47, 48].

The association of BDNF and recurrent MDD as well as
suicide was reported in the previous study [17]. In the present
study, we found the negative association between proBDNF
and age of onset, and positive association between M/P ratio
and age of onset. The present results meant the earlier onset,
the higher plasma proBDNF levels and the lower M/P ratio.
Further investigation will be needed to confirm these findings
in future studies.

Some limitations in this study should be considered. First,
we did not explore the effect of medication on mBDNF and
proBDNF in BP patients due to only a few participants in each
treated subgroup. Further studies will be needed to describe
mBDNF and proBDNF changes in BP patients after treat-
ment. Second, due to the small size of this study, further in-
vestigation of large samples is needed to validate our results.
Third, previous studies have found different BDNF levels in
male and female [49, 50]. Tang et al. [51] reported that the
M/P ratio differed in a sex-specific manner in zebra finches. In
the present study, there was no gender stratification analysis

due to small sample settings. Finally, in the present study, we
did not consider the association of genetic variation in the
gene encoding BDNF and mBDNF/proBDNF levels as well
as the association of mBDNF/proBDNF levels and their re-
spective receptors. Our previous studies have reported that
genetic interactions between genetic variation in the gene
encoding BDNF and its receptor in development of
treatment-resistant depression [52].

In conclusion, we found lower plasma mBDNF levels and
lower M/P ratio in BP compared with MDD. These findings
further support the idea that BDNF has a potential role in
differentiating BP from MDD. The contributions of our study
are to provide preliminary data for M/P ratio as a potential
biomarker for discriminating BP among patients in depressive
episodes and to support that the M/P ratio may be a state
marker of MDD which can be restored to normal levels by
antidepressants treatment. In view of limitations in the present
study, further investigation is required to make any definitive
determination.
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