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INTRODUCTION 

The neurotrophic hypothesis explains the pathogenesis of 
the development of major depression and the effect of anti-
depressant treatment on depression.1 Neurotrophic factors 
are a family of proteins responsible for the growth, survival, 
differentiation, and function of developing neurons and the 
maintenance of mature neurons, and they include brain-de-
rived neurotrophic factor (BDNF) and glial cell line-derived 
neurotrophic factor (GDNF).2,3 Neurotrophic factors can 
play crucial roles in the formation and plasticity of neuronal 
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networks.4 The neurotrophic hypothesis of depression states 
that major depression can result from impaired neuronal 
plasticity in the brain, and treatment with antidepressant 
agents can promote variable forms of neuronal plasticity, 
which could be related to the response to antidepressants.1,4 

BDNF is an important neurotrophic factor whose role in 
depression has been investigated in both animal and clinical 
studies. The results of animal studies suggest that chronic 
stress can decrease BDNF expression in the hippocampus, 
which can be alleviated by antidepressant treatment.1,5 Meta-
analyses of clinical studies indicate that patients with major 
depressive disorder (MDD) have decreased serum and plas-
ma BDNF levels, which can be increased by antidepressant 
treatment.6,7 An increase in the BDNF level after 6 or 8 weeks 
of antidepressant treatment was observed in responders but 
not in nonresponders to antidepressants among MDD pa-
tients.8,9 However, some animal and clinical studies have pro-
duced results that are inconsistent with the above findings.10,11 

GDNF is expressed abundantly throughout the brain.12 It 
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exerts neurotrophic effects on the development and mainte-
nance of glial cells, and can influence the development, sur-
vival, and differentiation of dopaminergic, serotonergic, and 
GABAergic neurons.3 An animal study demonstrated that a 
neurotoxin insult enhanced GDNF expression, suggesting a 
neuroprotective effect of GDNF in the brain.13 In addition, 
clinical experiments have explored the GDNF levels in the 
peripheral blood, serum, and plasma of MDD patients. Al-
though these studies have produced diverse findings, a meta-
analytic study found that the serum GDNF level is lower in 
untreated MDD patients than in controls.14 However, post-
mortem and clinical studies have found that the GDNF level 
is increased in the parietal cortex of recurrent MDD patients 
and that the plasma GDNF level is increased in elderly MDD 
patients.15,16 An animal study found that exposure to chronic 
unpredictable stress activated astrocytes and increased 
GDNF levels in the hippocampus of mice.17 

The neurotrophic hypothesis suggests that there is a deficit 
of serum BDNF and GDNF in MDD patients and that nor-
mal BDNF and GDNF levels can be restored by antidepres-
sant treatment. However, clinical studies exploring serum 
BDNF and GDNF levels in MDD patients have produced 
conflicting findings. Clinical studies examining the effects of 
12 and 24 weeks of treatment with several antidepressants in 
MDD patients have also produced mixed results.18-20 Treat-
ment with escitalopram for 24 weeks did not change the se-
rum BDNF level,20 while 12 weeks of treatment with mir-
tazapine or duloxetine significantly increased the serum or 
plasma BDNF level in MDD patients.18,19 However, one study 
found that an increase in the serum BDNF level was associ-
ated with treatment response,18 while another observed an 
increase in plasma BDNF in early nonresponders but not in 
early responders among MDD patients.19 

The present study explored changes in serum BDNF and 
GDNF levels in MDD outpatients before and after 12 weeks 
of antidepressant treatment. We also compared serum BDNF 
and GDNF levels between remission and nonremission 
among MDD patients. 

METHODS 

Subjects 
This study included 23 female consecutive outpatients 

from Ilsan Paik Hospital. These patients (age=45.6±12.7 
years, mean±SD; age range=19–65 years) were diagnosed 
with MDD according to criteria of the Diagnostic and Statis-
tical Manual of Mental Disorders-IV-text revision. Patients 
were excluded if they had any major mental disorders such 
as bipolar disorder, schizophrenia, or substance use disorder, 
or major medical and neurologic disorders. We also excluded 

subjects who were pregnant or lactating. The included sub-
jects had been either medication-naïve or medication-free 
for at least 4 weeks prior to being assessed. Depressive and 
anxiety symptoms were assessed using the Hamilton Depres-
sion Rating Scale-17 (HAMD-17)21,22 and the Hamilton 
Anxiety Rating Scale (HAMA)23 at baseline and 12 weeks af-
ter treatment. Then this study included MDD patients with 
10 or more score of baseline HAMD-17 scale. The 23 includ-
ed MDD patients comprised 10 who were experiencing their 
first episode and 13 who were experiencing a recurrent epi-
sode. In the recurrent MDD patients, their medication-free 
duration 44.9±76.0 weeks (the range=6 weeks–6 years). The 
patients were treated with the following antidepressants with 
doses based on their psychiatric symptoms during this study: 
escitalopram [n=17, 11.76±3.03 mg/day (the range=10–20 
mg/day)], sertraline [n=4, 75.0±28.9 mg/day (the range= 50–
100 mg/day)], paroxetine (n=1, 25 mg/day), or duloxetine (n=1, 
60 mg/day). 

This study did allow the limited concomitant pharmaco-
therapy. We prescribed alprazolam (0.25 mg to 1.0 mg per day) 
for anxiety and clonazepam (0.25 mg or 0.5 mg per day) for 
sleep disturbance, and their doses were altered according to 
the severity of anxiety or sleep disturbance. 

The study protocol was approved by the Ethics Committee 
of Ilsan Paik Hospital, Inje University College of Medicine 
(IRB No. 2011-11-314), and written informed consent was 
obtained from all of the subjects when they entered the study.

Measurements of serum BDNF and GDNF levels
Blood samples for measuring the BDNF and GDNF levels 

were taken between 8 a.m. and 9 a.m. following an overnight 
fast and centrifuged to separate the serum. The serum BDNF 
and GDNF levels were measured at baseline and after 12 
weeks of treatment.

Serum BDNF and GDNF levels were analyzed using en-
zyme-linked immunosorbent assay (ELISA) kits (Human 
Magnetic Luminex Screening Assay, R&D Systems, Minne-
apolis, MN, USA). Each assay was performed in duplicate. 
The actual concentration of each sample was calculated using 
the seven-parameter-fit logistic-curve equation. The ELISA 
plate readings were conducted using a microplate reader 
(VersaMax, Molecular Devices, Sunnyvale, CA, USA).

Statistical analysis
The Shapiro-Wilk test revealed that the serum BDNF lev-

els (W=0.981, p=0.927) and GDNF levels (W=0.892, p=0.058) 
were normally distributed. The demographic data, clinical 
variables, and serum BDNF and GDNF levels were com-
pared between two groups using Student’s t-tests and chi-
square tests. Serum BDNF and GDNF levels were compared 
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among the four antidepressant agents using Kruskal-Wallis 
test. Pearson’s correlation coefficients were calculated to ex-
amine the relationships between serum BDNF or GDNF lev-
els and the analyzed clinical variables. The pretreatment and 
posttreatment BDNF levels, GDNF levels, and HAMD-17 
and HAMA scores in MDD patients were compared by 
paired t-tests. Remission of MDD to the treatment was de-
fined as a posttreatment HAMD-17 score of <7.24 The null 
hypothesis was rejected at p<0.05. The statistical analysis was 
conducted using the SALT 2.5 (Istech, Goyang, Korea) soft-
ware packages.

RESULTS

The HAMD-17 and HAMA scores were 18.1±5.6 and 
19.9±6.3, respectively, at baseline. According to the baseline 
HAMD-17 scores, 8 (34.8%) patients were in mild depres-
sion scores (10–16 of HAMD-17 score), 11 (47.8%) in mod-
erate depression (17–23 of HAMD-17 score), and 4 (17.4%) 
in severe depression (≥24 of HAMD-17 score). And the 
HAMD-17 and HAMA scores were decreased significantly to 
8.8±6.3 (t=6.544, p<0.001) and 11.0±7.4 (t=5.777, p<0.001) 
after 12 weeks of antidepressant treatment (Table 1). 

The baseline serum BDNF and GDNF levels were 18.15± 
8.37 ng/mL and 1.84±0.94 pg/mL, respectively. There was no 
significant correlation between serum BDNF level and age 
(r=0.038, p=0.863) among all of the subjects, whereas the se-
rum GDNF level was significantly correlated with age (r= 
-0.541, p=0.008). The serum BDNF level was not correlated 

with the HAMD-17 score (r=0.042, p=0.849) or the HAMA 
score (r=-0.066, p=0.765). The serum GDNF level was not 
correlated with the HAMD-17 score (r=-0.296, p=0.170) but 
it was correlated with the HAMA score (r=-0.423, p=0.044); 
however, this correlation was not significant after controlling 
for age as a covariate (r=-0.253, p=0.255). There were no sig-
nificant differences in serum BDNF (t=-0.743, p=0.466) and 
GDNF levels (t=0.125, p=0.902) between the first-episode 
and recurrent-episode patients. 

The 12–week posttreatment serum BDNF and GDNF lev-
els were significantly decreased in comparison with the base-
line levels: 12.58±3.88 ng/mL (t=2.748, p=0.012) and 
1.17±0.71 pg/mL (t=3.430, p=0.003), respectively (Table 1). 
There were no significant differences in posttreatment serum 
BDNF (χ2=3.274, p=0.351) and GDNF levels (χ2=2.722, 
p=0.436) among the four antidepressants. 

Ten subjects of the all MDD patients (43.5%) were in re-
mission while the others (56.5%) were in nonremission after 
12 weeks of antidepressant treatment, based on a cutoff total 
HAMD-17 score of <7 for remission. The demographic data 
and clinical variables between remission and nonremission 
patients were presented in Table 2. The baseline BDNF and 
GDNF levels were higher in the remission patients (20.31± 
10.10 ng/mL and 2.10±0.92 pg/mL, respectively) than in the 
nonremission patients (16.50±6.71 ng/mL and 1.63±0.95 
pg/mL), but the differences were not statistically significant 
(t=-1.088, p=0.289, and t=-1.209, p=0.240). The posttreat-
ment serum BDNF and GDNF levels did not differ signifi-
cantly between remission patients and nonremission patients 

Table 1. Differences in variables between baseline and 12-week posttreatment in outpatients with major depressive disorder

Baseline After 12-week Statistics*
HAMD-17 18.1±5.6 8.8±6.3 t=6.544, p<0.001
HAMA 19.9±6.3 11.0±7.4 t=5.777, p<0.001
Serum BDNF (ng/mL) 18.15±8.37 12.58±3.88 t=2.748, p=0.012
Serum GDNF (pg/mL) 1.84±0.94 1.17±0.71 t=3.430, p=0.003

*the baseline and 12-week posttreatment HAMD and HAMA scores, BDNF levels, and GDNF levels in patients with major depressive disor-
der were compared by paired t-tests. HAMD-17: Hamilton Depression Rating Scale-17, HAMA: Hamilton Anxiety Rating Scale, BDNF: 
brain-derived neurotrophic factor, GDNF: glial cell line-derived neurotrophic factor

Table 2. Comparison of the demographic data and clinical variables between MDD patient with remission and with nonremission

MDD patients with remission 
(N=10, 43.5%)

MDD patients with nonremission 
(N=13, 56.5%)

Statistics

Age (years) 43.0±10.6 47.5±14.3 t= 0.841, p=0.410
Recurrent episode, N (%) 7 (70) 6 (46.2) χ2=1.308, p=0.253
Duration of depression (months) 3.3±0.5 3.1±0.3 t=-1.304, p=0.214
HAMD-17 17.50±5.38 18.62±5.94 t= 0.465, p=0.647
HAMA 19.10±5.34 20.62±7.03 t= 0.566, p=0.577

HAMD-17: Hamilton Depression Rating Scale-17, HAMA: Hamilton Anxiety Rating Scale, MDD: major depressive disorder
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(t=0.905, p=0.377; t=0.153, p=0.880, respectively) (Table 3). 
The BDNF levels were significantly changed from baseline to 
12-week of treatment in patients with remission (t=2.322, 
p=0.045), not those with nonremission (t=1.505, p=0.163). 
However, the GDNF levels were significantly decreased both 
in patients with remission (t=2.389, p=0.041) and nonremis-
sion (t=2.833, p=0.018). 

DISCUSSION 

The present study found that the serum BDNF and GDNF 
levels in MDD patients were significantly decreased after 12 
weeks of treatment with antidepressants. In other words, the 
serum BDNF and GDNF levels were significantly higher at 
baseline than after 12 weeks of treatment. 

Many clinical studies and meta-analyses have found that 
the serum and plasma BDNF levels measured before antide-
pressant treatment in MDD patients are lower than those in 
healthy controls, with the BDNF levels in MDD patients in-
creasing or normalizing after antidepressant treatment.6-9,25,26 
However, other previous studies found that the pretreatment 
serum BDNF levels in MDD patients were higher than those 
in healthy controls.10,27,28 Elfving et al.10 compared serum 
BDNF levels and Val66Met polymorphisms between 162 
MDD outpatients and 289 healthy controls, and found that 
the pretreatment serum BDNF levels were increased in 
MDD patients in comparison with healthy controls. Kheir-
ouri et al.27 also observed that the serum BDNF levels were 
significantly higher in 44 MDD patients than in 42 healthy 
controls. We also found that the pretreatment serum BDNF 
level was significantly higher than the posttreatment BDNF 
level.

These inconsistent findings from clinical studies of higher 
or lower pretreatment serum BDNF levels in MDD patients 
compared with healthy controls seem to be associated with 
variations in recurrence (first episode or recurrent episode), 

severity, duration, and case type (inpatient or outpatient). In 
the study of Elfving et al.10 the MDD patients were outpa-
tients and consisted of 83% with mild-to-moderate MDD 
and 17% with severe MDD. In the study of Kheirouri et al.27 

the MDD subjects were also outpatients, they were in their 
first MDD episode, and their mean HAMD-17 score was 
17.8. The present study also included MDD outpatients 
whose mean HAMD-17 score at baseline was 18.1. Among 
MDD patients in the present study, 19 (82.6%) subjects were 
in mild to moderate depression. However, Yoshimura et al.8 
and Lee et al.26 found a lower serum or plasma BDNF level in 
MDD patients compared with healthy controls, and showed 
mean HAMD-17 scores in MDD patients of 24 and 27.7, re-
spectively. Together these findings suggest that some clinical 
characteristics of MDD patients-such as mild-to-moderate 
severity of depression or being outpatients-appear to be as-
sociated with the increased BDNF level during the develop-
ment of major depression. 

While many animal studies have found reduced BDNF 
levels in depression models, there have been several animal 
experiments producing the opposite result, which could be 
explained by an association with depression and anxiety be-
havior.11 One animal study suggested that changes in BDNF 
level or brain neuroplasticity could differ according to the 
vulnerability to depression or the resilience to stress.29 In ad-
dition, other animal studies found increased BDNF levels in 
the serum and hippocampus in two depression models with 
olfactory bulbectomy and chronic unpredictable stress.30,31 It 
can therefore be speculated that exposure to certain stressors 
activates brain neuroplasticity resulting in enhanced BDNF, 
and hence such an increase in BDNF might reflect an adap-
tive protective response to stressors or a stress-related com-
pensating process for homeostasis. In addition, some investi-
gators claim that the current BDNF hypothesis is too 
simplistic, and they suggest that neuroplastic responses to 
stress and antidepressants are involved in the changes in 

Table 3. Differences in baseline and 12-week posttreatment serum BDNF and GDNF levels between MDD patient with remission and with 
nonremission

MDD patients with remission 
(N=10, 43.5%)

MDD patients with nonremission
(N=13, 56.5%)

Statistics*

Baseline BDNF (ng/mL) 20.31±10.10 16.50±6.71 t= –1.088, p=0.289
Posttreatment BDNF (ng/mL) 11.95±4.13 12.80±3.91 t=0.905, p=0.377
Statistics† t=2.322, p=0.045 t=1.505, p=0.163
Baseline GDNF (pg/mL) 2.10±0.92 1.63±0.95 t= –1.209, p=0.240
Posttreatment GDNF (pg/mL) 1.17±0.78 1.12±0.62 t=0.153, p=0.880
Statistics† t=2.389, p=0.041 t=2.833, p=0.018

*the serum BDNF and GDNF levels were compared between patients with remission and with nonremission by t-tests, †the baseline and 12-
week posttreatment BDNF and GDNF levels in MDD patients were compared by paired t-tests. BDNF: brain-derived neurotrophic factor, 
GDNF: glial cell line-derived neurotrophic factor, MDD: major depressive disorder
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BDNF levels, with these effects being both region-specific 
and antidepressant-specific, while neuroplastic resilience or 
antidepressant responses act according to the background of 
potent genetic and environmental modifiers.32

We also found that the serum GDNF level in MDD pa-
tients changed between baseline and after 12 weeks of anti-
depressant treatment. Moreover, these significant decreases 
in BDNF and GDNF level after the treatment was observed 
in patients with remission. One clinical study explored the 
relationship between the serum BDNF level and HAMD-17 
score in 25 MDD patients during 6 weeks of antidepressant 
treatment, and found that a higher pretreatment level of se-
rum BDNF was associated with a treatment response, a≥50% 
reduction in the HAMD-17 score, and remission at week 6.33 
However, previous studies have produced inconsistent find-
ings about alterations in serum or plasma GDNF levels after 
antidepressant treatment. Some studies showed that serum 
GDNF levels in MDD patients increased significantly after 
applying several types of antidepressant treatment, including 
pharmacologic or nonpharmacologic therapies.34-36 Increases 
in serum GDNF levels were also observed in treatment re-
sponders or remitters-but not in nonresponders-among 
MDD patients.34,35 

 However, other studies found that plasma GDNF levels in 
MDD patients did not change significantly after 6 weeks of 
antidepressant treatment.37,38 Furthermore, the present study 
found a reduction in serum GDNF levels in MDD patients 
after 12 weeks of antidepressant treatment, and that both the 
baseline GDNF and BDNF levels were higher in the remis-
sion patients than in the nonremission patients. Wang et al.16 
reported that plasma GDNF levels were higher in elderly 
MDD patients than in healthy controls. They also observed 
that the increase in the GDNF level was positively correlated 
with a better cognitive performance, suggesting that a high 
GDNF level is a protective response for cognitive function in 
elderly MDD patients.16 There have also been animal studies 
demonstrating that GDNF can exert neuroprotective effects 
in the brain and that GDNF expression in the brain increases 
to cope with a neurotoxin insult.13,39 Together these findings 
indicate that increased GDNF as a compensatory response 
might appear in some MDD subjects, which could explain 
our finding of MDD patients having a higher serum GDNF 
level before antidepressant treatment and being able to reach 
remission after treatment. 

This study was subject to several limitations: 1) the sample 
was relatively small, it comprised only female patients, and it 
did not include healthy controls, 2) four different kinds of 
antidepressant agents were administered, and 3) the serum 
BDNF and GDNF levels were measured at only two time 
points (at baseline and after 12 weeks of antidepressant treat-

ment). Previous reports suggest that gender can influence se-
rum or plasma BDNF levels.8,9,40 However, we did not recruit 
enough sample size of male MDD patients, and finally we 
had excluded male patients from this analysis. It will require 
further studies with larger subjects with male and female pa-
tients. This study showed that there were no significant dif-
ferences in posttreatment BDNF and GDNF levels among 
the four antidepressants. Moreover, the previous clinical 
studies have suggested that the significant alterations in se-
rum or plasma BDNF levels were observed in MDD patients 
with clinical response to antidepressant treatments.8,9,41,42 

Mikoteit et al.33 reported that the serum BDNF level in-
creased significantly from baseline to after 2 weeks of treat-
ment and then subsequently decreased again after 6 weeks of 
treatment. This implies that serum levels should be examined 
at several times points during treatments with antidepressant.

The results of this study suggest that the baseline serum 
BDNF and GDNF levels are higher than the posttreatment 
levels in some mild-to-moderate MDD outpatients. In addi-
tion, the significant alteration in BDNF and GDNF level after 
antidepressant treatment were observed in patients with re-
mission. Such increases in serum BDNF and GDNF levels in 
major depression could reflect an adaptive protective or 
compensating response to certain stressors in brain neuro-
plasticity in mild-to-moderate major depression outpatients. 
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