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Abstract

Background: Brain-derived neurotrophic factors are known to be related to the psychopathology of major depressive disorder. 
However, studies focusing on drug-naïve first-episode patients are still rare.
Methods: Over a 6-year period, we examined the serum brain-derived neurotrophic factors levels in patients with first-
episode drug-naïve major depressive disorder and compared them with sex-matched healthy controls. We also investigated 
the relationships between serum brain-derived neurotrophic factors levels, suicidal behavior, and Hamilton Depression 
Rating Scale scores before and after a 4-week antidepressant treatment.
Results: The baseline serum brain-derived neurotrophic factors levels of 71 patients were significantly lower than those of the 
controls (P = .017), and the Hamilton Depression Rating Scale scores in 71 patients did not correlate with brain-derived neurotrophic 
factor levels. Brain-derived neurotrophic factor levels were significantly lower in 13 suicidal major depressive disorder patients 
than in 58 nonsuicidal major depressive disorder patients (P = .038). Among 41 followed-up patients, there was no alteration in 
serum brain-derived neurotrophic factors levels after treatment with antidepressants (P = .126). In receiver operating characteristic 
curve analysis of using pretreatment brain-derived neurotrophic factors to estimate the response to treatment, the area under 
the curve was 0.684. The most suitable cut-off point was 6.1 ng/mL (sensitivity = 78.6%, specificity = 53.8%).
Conclusions: Our data support the serum brain-derived neurotrophic factor levels in patients with drug-naïve first-episode 
major depressive disorder were lower than those in the healthy controls, and patients with pretreatment brain-derived 
neurotrophic factors >6.1 ng/mL were more likely to be responders. Although the relationship of our results to the mechanism 
of drug action and pathophysiology of depression remains unclear, the measure may have potential use as a predictor of 
response to treatment. In the future, it needs a large sample to prove these results.
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Introduction
The neurotrophin hypothesis depicts major depressive disorder 
(MDD) as being caused by deviant neurogenesis in brain regions 
that govern memory and emotion (Duman et al., 1997). On the 
basis of this hypothesis, a stress-induced decrease in expression 

of brain-derived neurotrophic factor (BDNF) resulted in deviant 
neurogenesis. Furthermore, the neurotrophin hypothesis posits 
that antidepressants exerted the efficacy by means of promoting 
BDNF expression and thereby restore deviant neuronal plasticity 
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(Duman and Monteggia, 2006; Park and Poo, 2013). Karege et al. 
(2002) demonstrated low serum BDNF levels in depressed patients 
compared with healthy controls and negative correlation between 
serum BDNF and depression severity. Shimizu et al. (2003) found 
serum BDNF increased after antidepressant treatment. During 
the last few years, there have been multiple attempts to repli-
cate these findings. Most, but not all studies of the patients with 
MDD reveal that BNDF levels increase after antidepressant treat-
ment (Brunoni et al., 2008; Sen et al., 2008; Molendijk et al., 2014; 
Polyakova et al., 2015). Noticeable variation in outcomes across 
studies should be kept in mind while interpreting these data 
(Piccinni et al., 2008; Basterzi et al., 2009; Matrisciano et al., 2009; 
Elfving et  al., 2012). The inconsistent findings could plausibly 
be attributed to the heterogeneous patient populations, small 
sample sizes lacking statistical power, and confounders such as 
administration of antidepressants, age at onset, or different clini-
cal profiles. Moreover, a striking question is whether alterations 
in BDNF levels are confined to certain types of antidepressants or 
BDNF levels are correlated with improvement in clinical depres-
sive symptoms.

In previous studies, lower levels of BDNF correlated with 
more severe clinical symptoms (Shimizu et  al., 2003; Gonul 
et al., 2005). However, systemic reviews have failed to demon-
strate these findings (Molendijk et al., 2014).

Studies focusing on the association of BDNF with suicide 
were scarce. Previous data indicated reduced messenger RNA 
levels of BDNF and BDNF levels in the postmortem hippocam-
pus and prefrontal cortex of suicide victims who were drug-free 
compared with nonsuicide controls, regardless of diagnosis 
(Dwivedi et al., 2003; Karege et al., 2005). Kim et al. (2007) also 
demonstrated that reduction of BDNF level is associated with 
suicidal behavior in major depression. These results supported 
that BDNF played a pivotal role in the pathophysiology of sui-
cidal behavior.

In this study, we wanted to ascertain whether there is a dif-
ference in serum BDNF levels between patients with drug-naïve 
first-episode MDD and healthy subjects, so we tried to investi-
gate the serum BDNF levels of MDD patients for the following 
variables: with/without a suicide behavior and family tendency. 
We also aimed to investigate the effects of antidepressants on 
serum BDNF levels in patients with drug-naïve first-episode 
MDD. Finally, we examined whether the serum BDNF levels are 
associated with the severity of clinical symptoms.

Materials and Methods

Subjects

We aimed to investigate the serum BDNF levels in patients with 
first-episode drug-naïve MDD compared with sex-matched 
healthy controls using naturalistic study by clinical observa-
tion during a 6-year period (December 2003 to June 2006, August 
2007 to November 2008, June 2011 to December 2013). All par-
ticipants were recruited at Chang Gung Memorial Hospital in 
Kaohsiung, Taiwan. Patients with first-episode drug-naïve MDD 

were evaluated by the same psychiatrist utilizing the Structured 
Clinical Interview for DSM-IV Axis I Disorders (First et al., 1997). 
The severity of depression was assessed utilizing the 17-item 
Hamilton Depression Rating Scale (HDRS) (Hamilton, 1960) by 
the same psychiatrist. If the score was <20 at baseline, patients 
would be excluded from the study. Participants were defined as 
individuals who had a suicidal behavior (defined as self-directed 
injury with intent to end one’s life) just before being recruited 
to our study and needed medical or psychiatric management. 
Family tendency was defined as >1  first-degree relatives of 
patients having a history of MDD.

The healthy controls, enrolled from the medical staff and 
students at Chang Gung Memorial Hospital in Kaohsiung, were 
screened by the same psychiatrist using the Chinese Health 
Questionnaire-12 (Chong and Wilkinson, 1989) or the Structured 
Clinical Interview for DSM-IV Axis I Disorders (First et al., 1997) 
to rule out present and past major and minor mental illnesses 
(schizophrenia, affective disorder, personality disorder, alcohol 
abuse/dependence, anxiety disorder, and illegal substance use 
disorder). Some data had been published (Huang et al., 2008). In 
this study, we focused on patients with first-episode drug-naïve 
MDD and increased the sample size. All patients and healthy 
controls received blood pressure, routine blood tests, chest X-ray, 
and electrocardiogram to exclude the subjects with any chronic 
medical illness including liver, kidney, lung, heart, and metabolic 
diseases. They had neither allergic reactions nor acute infections.

Assessment of Clinical Situation and Treatment

Among the followed-up patients, we investigated the associa-
tion between body mass indices (BMI), duration of illness, edu-
cation, HDRS scores, and serum BDNF levels before and after 
a 4-week antidepressant treatment. Depressive patients were 
administered only one kind of antidepressant. The antidepres-
sants involved escitalopram (dose range: 10-20 mg/d), fluoxetine 
(dose range: 20-40 mg/d), mirtazapine (dose range: 30–60 mg/d), 
paroxetine (dose range: 20–40 mg/d), or venlafaxine (dose range: 
75–225 mg/d). Applied treatment preparations/dosages were not 
changed during the follow-up period. Besides, patients were 
permitted simultaneously taking benzodiazepines (i.e., alpra-
zolam 1.5 mg/d or lorazepam 3 mg/d) or hypnotics (i.e., zolpidem 
10-20 mg/d) but could not take antidepressant drugs or mood 
stabilizers. Response to treatment was defined as at least 50% 
improvement in HDRS scores.

The study was approved by the Chang Gung Memorial Hospital 
Institutional Review Board. All subjects enrolled in the study gave 
written informed consent for their participation in the study.

Laboratory Analysis

Venous blood (5 mL) of the patients and healthy controls was col-
lected and serum BDNF levels were measured by an ELISA Kit (BDNF 
Emax Immunoassay System, Promega Co.). Absorbencies were 
detected using a microtiter plate reader (absorbency at 450 nm). 
The intra-assay and inter-assay variations were both <10%.

Significance Statement
The serum brain-derived neurotrophic factor levels in patients with first-episode drug-naïve major depressive disorder were 
lower than those in the healthy controls. In addition, brain-derived neurotrophic factor levels were significantly lower in suicidal 
major depressive disorder patients than in nonsuicidal major depressive disorder patients. There was no alteration in serum 
brain-derived neurotrophic factors levels after treatment with antidepressants.
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Statistical Analysis

The participants were sorted into different diagnostic groups 
(i.e., patients with MDD vs healthy controls) or clinical pheno-
types (i.e., those who had and those who did not have a sui-
cide behavior, family tendency). Parameters, including age, BMI, 
and education of the patient and control groups were compared 
using Student’s t tests. Previous studies indicated that param-
eters such as ages or genders have specific influences on circu-
lating and stored BDNF levels in peripheral blood (Elfving et al., 
2012). Consequently, BDNF levels of the patient and control 
groups were compared using an ANCOVA with age and gen-
der adjustments for group mean differences in different groups 
and gender. Within the patient group, the relationship of BDNF 
levels, age, sex, BMI, education, age at onset, HDRS scores, sui-
cide behavior, and family tendency was evaluated by means of 
Pearson’s correlation test.

Pretreatment and posttreatment serum BDNF levels of the 
followed-up patients were evaluated using the paired t test. The 
estimation validity of pretreatment BDNF for the response to 
treatment was examined using receiver operating characteris-
tic (ROC) analyses with calculations of the area under the ROC 
curve, sensitivity, and specificity.

All results are presented as means ± SD. Data analysis was 
performed using IBM SPSS Statistics 12. Two-tailed significance 
values were used and significance levels were set at 0.05.

Results

Demographic Data

In all, 71 patients with drug-naïve first-episode MDD and 71 sex-
matched healthy controls were recruited. Table  1 exhibits the 
serum BDNF levels and demographic data of all participants. The 
healthy controls had significantly more years of education than 
the patients (16.0 ± 2.7 years vs 10.3 ± 2.7 years; df = 140, P < .001), 
and there were significant educational differences between 
the male subgroups (16.7 ± 3.5  years vs 10.5 ± 2.7  years; df = 28, 
P < .001) and female subgroups (15.8 ± 2.5 years vs 10.3 ± 2.8 years; 
df = 110, P < .001). The healthy controls were significantly 
younger than the patients (33.3 ± 5.4 years vs 37.4 ± 10.5 years; 

df = 105.0, P = .005), and there were significant age differences 
between the male subgroups (35.7 ± 6.0 years vs 43.5 ± 9.9 years; 
df  =  23.2, P = .015) and female subgroups (32.7  ±  5.1  years vs 
35.7 ± 10.1 years; df = 81.6, P = .048). There was significant differ-
ence in BMI only between the male subgroups (Table 1).

In the patient group, no parameters, including age, gender, 
BMI, education, age at onset, suicidal behavior, family tendency, 
and HDRS scores significantly correlated with BDNF levels (all 
P > .05) using Pearson’s correlation. But there was a trend in 
negative associations between BDNF levels and suicide behavior 
(γ = -0.211, P = .077)

BDNF Levels in Patients and Healthy Controls

The ANCOVAs were constructed with diagnostic groups as the 
independent variables and BDNF levels as dependent variables 
with ages as the covariates. The ANCOVAs with age adjustment 
showed that depressive patients had significantly lower BDNF 
levels than healthy controls (F = 5.859, P = .017), and age was not 
a significant covariate (P = .512). There was a trend towards lower 
BDNF levels in depressive women (F = 3.334, P = .071), but not in 
depressive men (F = 2.896, P = .100).

Table  2 exhibited the serum BDNF levels in depressive 
patients with different clinical phenotypes. Using ANCOVAs 
with age and gender adjustments, we found that patients 
who had a suicide behavior had lower serum BDNF protein 
levels than those who did not (F = 4.460, P = .038). However, no 
significant difference was elicited between serum BDNF levels 
and family tendency (F = 1.836, P = .180).

BDNF Levels Before and After Antidepressant 
Treatment

Of 71 patients with drug-naïve first-episode MDD, only 41 patients 
received antidepressant treatment during a period of 4 weeks and 
completed the assessments of HDRS, including 21 patients took 
fluoxetine, 2 for escitalopram, 7 for paroxetine, 8 for venlafaxine, 
and 3 for mirtazapine. Table 3 exhibits the demographic, clinical 
characteristics and BDNF levels. Using the paired t test, the serum 
BDNF levels of the 41 followed-up patients were not significantly 
elevated (10.7 ± 6.9 ng/mL vs 12.9 ± 11.9 ng/mL; P = .126). In addition, 

Table 1. Serum BDNF Levels and Demographic Data of All Participants

Diagnostic groups Age (y) BMI (kg/m2) Education (y) Age of onset 17-item HDRM at baseline Serum BDNF levels (ng/mL)

T PATIENTS
(n = 71) 37.4 ± 10.5 21.9 ± 3.8 10.3 ± 2.7 36.3 ± 10.7 33.2 ± 4.4 10.0 ± 7.0
Healthy controls
(n = 71) 33.3 ± 5.4 22.8 ± 4.0 16.0 ± 2.7 NA 13.3 ± 7.8
P value .005* .189 <.001* .017*

M PATIENTS
(n = 15) 43.5 ± 9.9 22.9 ± 3.7 10.5 ± 2.7 42.9 ± 9.7 34.3 ± 4.2 8.2 ± 6.3
Healthy controls
(n = 15) 35.7 ± 6.0 25.8 ± 3.3 16.7 ± 3.5 NA 13.7 ± 7.8
P value .015* .027* <.001* .100

F PATIENTS
(n = 56) 35.7 ± 10.1 21.6 ± 3.8 10.3 ± 2.8 34.6 ± 10.3 32.9 ± 4.4 10.5 ± 7.1
Healthy controls
(n = 56) 32.7 ± 5.1 21.9 ± 3.8 15.8 ± 2.5 NA 13.2 ± 7.8
P value .048* .678 <.001* .071

Abbreviations: BDNF, brain-derived neurotrophic factor; BMI, body mass index; F, female; 17-item HDRS, 17-item Hamilton Depression Rating Scale; M, male;  

PATIENTS, Patients with drug-naïve first-episode major depressive disorder. T, total.

*P < .05, comparison using Student’s t tests.
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there are no significantly elevated BDNF levels in the 28 respon-
sive patients after antidepressant treatment (12.0 ± 7.0 ng/mL vs  
15.3 ± 13.3 ng/mL; P = .113). In ROC curve analysis using pretreat-
ment BDNF to estimate the response to treatment, the area under 
the curve was 0.684 (standard error = 0.091, 95%CI = 0.507-0.862) 
(Figure 1). The most suitable cut-off point of pretreatment BDNF 
level discriminating response to treatment from nonresponse to 
treatment was 6.1 ng/mL. At this cut-off point, the sensitivity was 
78.6% and specificity was 53.8%.

Discussion

The principal findings in this study, which focused on patients 
with drug-naïve first-episode MDD, are as follows: (1) there were 
decreased serum BDNF levels in patients with MDD, (2) BDNF lev-
els were significantly lower in suicidal MDD patients than non-
suicidal MDD patients, (3) there was no alteration in serum BDNF 
levels after treatment with antidepressants, and (4) patients with 
pretreatment BDNF >6.1 ng/mL were more likely to be responders.

BDNF Levels in Patients and Healthy Controls

Investigating BDNF alterations in drug-naïve first-episode 
patients is a pivotal step to identify the role of BDNF in MDD 
pathophysiology, as patients are not influenced by medication. 

Most studies recruited MDD patients who were drug free for 
only 4 weeks or less from the study entry (Brunoni et al., 2008) 
for the purpose of minimizing medication effects. Considering a 
lot of data revealed a reversal of decreased BDNF levels to base-
line levels after antidepressant treatment in patients with MDD 
(Aydemir et al., 2005; Gervasoni et al., 2005), we could not entirely 
exclude the repeated effects of antidepressants on BDNF levels. 
Furthermore, repetitive administration of antidepressant raises 
BDNF mRNA levels in the rat hippocampus and cerebral cortex 
(Rogoz et al., 2005).

We demonstrated that the serum BDNF levels in patients 
with first-episode drug-naïve MDD were significantly lower 
than in healthy controls and HDRS scores did not correlate with 
BDNF levels, which were in line with the results of recent meta-
analyses (Brunoni et al., 2008; Sen et al., 2008; Molendijk et al., 
2014; Polyakova et  al., 2015). Although the above results need 
replication in independent studies with larger samples, we sup-
posed that BDNF can play a key role in eliciting the dynamic 
neurobiological and clinical alterations observed in an early 
depressive phase.

Another important finding in this study is that serum BDNF 
levels in MDD patients who had suicidal behavior are lower than 
those in MDD patients who did not have suicidal behavior. One 
interpretation for the low BDNF levels in suicidal patients is 
that impaired serotonin function in suicidal depression would 

Table 3. Demographics, Clinical Characteristics,and BDNF Levels of the 41Followed-Up Patients

Items Age

Baseline 
BMI 
(kg/m2)

Duration of 
illness (y)

BDNF protein 
(ng/mL) at 
baseline

BDNF protein 
(ng/mL) at 
endpoint Pair t value P value

17-Item 
HDRM at 
baseline

17-Item 
HDRM at 
endpoint

Total
(n = 41) 38.1 ± 10.3 22.0 ± 3.9 1.2 ± 1.9 10.7 ± 6.9 12.9 ± 11.9 -1.564 .126 34.5 ± 4.4 11.5 ± 11.4
M (n = 11) 42.6 ± 10.6 23.1 ± 3.5 0.7 ± 1.0 9.2 ± 7.2 8.5 ± 5.5 0.885 .397 35.6 ± 4.0 8.2 ± 12.2
F (n = 30) 36.5 ± 9.9 21.6 ± 4.0 1.4 ± 2.1 11.2 ± 6.8 14.5 ± 13.2 -1.751 .091 34.1 ± 4.5 12.7 ± 11.1
Responder
(n = 28) 37.9 ± 10.0 22.3 ± 3.6 1.2 ± 1.8 12.0 ± 7.0 15.3 ± 13.3 -1.640 .113 34.0 ± 4.3 4.3 ± 4.0
M (n = 9) 42.9 ± 10.8 22.2 ± 3.2 0.8 ± 1.1 10.4 ± 7.4 9.2 ± 5.8 1.248 .247 34.4 ± 3.1 2.9 ± 3.7
F (n = 19) 35.6 ± 9.0 22.3 ± 3.9 1.4 ± 2.1 12.7 ± 6.8 18.1 ± 15.0 -1.919 .071 33.7 ± 4.8 4.9 ± 4.0
Non-responder
(n = 13) 38.5 ± 11.4 21.4 ± 4.4 1.3 ± 2.2 7.8 ± 6.1 7.7 ± 5.4 0.288 .779 35.8 ± 4.6 27.0 ± 4.1
M (n = 2) 41.5 ± 13.4 27.1 ± 0.9 0.5 ± 0.4 3.6 ± 1.7 4.9 ± 2.0 -5.801 .109 41.0 ± 2.8 32.0 ± 0.0
F (n = 11) 38.0 ± 11.7 20.4 ± 3.9 1.4 ± 2.4 8.6 ± 6.3 8.2 ± 5.7 0.621 .548 34.8 ± 4.2 26.2 ± 3.7

BMI, body mass index; BDNF, brain-derived neurotrophic factor; 17-item HDRS, 17-item Hamilton Depression Rating Scale.

Table 2. Serum BDNF Levels and Demographic Data of 71 Patients with Clinical Phenotypes

Items Age (y) Sexa BMI (kg/m2) Education (y) Age of onset
17-item HDRM at  
baseline

Serum BDNF levels  
(ng/mL)

Suicide or not
 Suicide
 (n = 13) 32.8 ± 9.6 0.08 ± 0.28 20.7 ± 4.2 11.1 ± 3.1 32.1 ± 10.0 33.8 ± 4.3 6.9 ± 4.8
 Nonsuicide
 (n = 58) 38.4 ± 10.4 0.24 ± 0.43 22.2 ± 3.7 10.1 ± 2.7 37.3 ± 10.7 33.0 ± 4.4 10.7 ± 7.2
 P value .079 .097 .212 .269 .115 .539 .038*
Family tendency
 Family history
 (n = 8) 34.4 ± 10.5 0.25 ± 0.46 20.2 ± 2.6 11.5 ± 1.7 33.1 ± 11.1 34.1 ± 5.2 13.2 ± 7.4
 No family history
 (n = 63) 37.8 ± 10.5 0.21 ± 0.41 22.1 ± 3.9 10.2 ± 2.8 36.7 ± 10.7 33.0 ± 4.3 9.6 ± 6.9
 P value .392 .780 .170 .196 .375 .513 .180

Abbreviations: BDNF, brain-derived neurotrophic factor; BMI, body mass index; 17-item HDRS, 17-item Hamilton Depression Rating Scale.
aFemale = 0. Male = 1.

*P <. 05, comparison using Student’s t tests.
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induce downregulation of BDNF expressions (Keller et al., 2010). 
Serotonin and BDNF have been linked to regulate neurogenesis, 
synaptic plasticity, and neuronal survival, and these two signals 
coregulate one another (Mattson et al., 2004). As a result, aber-
rant serotonin signaling could reduce expression of BDNF in sui-
cidal depression and lead to deficits in neurons (van Heeringen 
and Mann, 2014). This concept is associated with the “stress and 
diathesis” model of suicide in which the risk for suicidal behav-
iors is ascertained not only by a psychiatric illness (the stressor) 
but also by a diathesis (Mann et al., 1999).

BDNF Levels Before and After Antidepressant 
Treatment

The results of our study on serum BDNF levels of patients with 
drug-naïve first-episode MDD did not agree with the concept 
that antidepressants exerted their effects by alterations in neu-
rotrophins, and patients with pretreatment BDNF >6.1  ng/mL  
were more likely to be responders. Whether the BDNF lev-
els alter significantly after antidepressant treatment or stay 
unchanged has been a matter of much debate, with discordant 
data (Brunoni et al., 2008; Sen et al., 2008; Molendijk et al., 2014; 
Polyakova et al., 2015). The reasons for these conflicting findings 
include antidepressant metabolic polymorphisms and other 
confounding factors, including differences in patient character-
istics (such as duration of antidepressants intake, different clini-
cal profiles, and sample size) and the tested materials (serum 
vs plasma). The real impact of various antidepressants on BDNF 
levels still needs further investigation.

Study Limitations

Though there was a decrease in BDNF levels among patients 
with first-episode drug-naïve MDD patients with suicidal behav-
ior, the main limitation of this study is that BDNF levels were 
measured in serum, thus exhibiting an indirect assessment of 
brain BDNF levels. The true level of brain BDNF expression and 

its influence on different mental illnesses needs further study 
to reach stronger conclusions. Secondly, the ELISA kit utilized 
in this study is unfortunately not able to discriminate between 
isoforms of BDNF (pro-BDNF and mature BDNF). The third limi-
tation of this study was the fact that the size of our sample was 
still small; however, drug-naive first-episode patients with MDD 
are pragmatically difficult to investigate. A  replication study 
with a larger sample size is required. The fourth limitation was 
that not all the patients took the same antidepressants, and we 
could not distinguish the effects of the different antidepressants 
(escitalopram, fluoxetine, paroxetine, mirtazapine, and venla-
faxine) on serum BDNF levels due to the small sample size of 
the patient group.

Conclusion

Our study showed the serum BDNF levels of patients with drug-
naïve first-episode MDD were lower than those of healthy con-
trols, and BDNF levels were significantly lower in suicidal MDD 
patients than in nonsuicidal MDD patients. There was no altera-
tion in serum BDNF levels after treatment with antidepressants, 
and patients with pretreatment BDNF above 6.1  ng/mL were 
more likely to be responders. Although the relationship of our 
results to the mechanism of drug action and pathophysiology 
of depression remains unclear, the measure may have potential 
use as a predictor of response to treatment. In the future, stud-
ies with larger sample sizes are needed to investigate the rela-
tionships between BDNF levels, various antidepressants, and 
clinical symptoms.
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