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Objective: The study of brain-derived neurotrophic factor (BDNF) in mood disorders and other psychiatric 
disorders is increasing. Of particular interest is whether or not BDNF can be a marker for psychiatric disorders. 
The aim of this study was to review the published findings on BDNF in stress-related mood disorders.

Method: Searches were conducted of the PubMed and Psikiyatri Dizini databases to access international and 
national publications, respectively. Database searches were conducted with the keywords BDNF, and stress and 
mood disorders.

Results: BDNF plays a role in the physiopathology of stress-related changes and is supposedly related to a 
decrease in the number and size of neurons. Additionally, it has been suggested that serum levels of BDNF are 
lower in depressive patients than in the healthy controls. Nonetheless, BDNF levels increase after antidepressant 
treatment, along with symptom recovery, to those seen in healthy control subjects. This increase cannot be 
achieved in patients that do not respond to antidepressant treatment. On the other hand, in patients with stress-
related non-depressive psychiatric disorders, serum BDNF is also low. 

Conclusion: To date, even though consistent findings of reduced BDNF levels have been reported, the specificity 
of these findings is doubtful. Serum BDNF might be considered a marker for stress-related mood disorders. 
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INTRODUCTION

Monoaminergic hypotheses have an important role in 
our understanding of the physiopathology of psychiatric 
disorders. Categorizing psychopharmacological treat-
ments according to their monoaminergic effects strength-
ens this role; however, it is widely thought that changes in 
monoaminergic transmission are only one of the steps in 
the formation of psychiatric disorders (Duman and Mon-
teggia, 2006). When this process is examined in terms of 
cells and the interrelationship of the cells, neurotrophins 
are more outstanding. The role of neurotrophins in the 
maintenance and proliferation of neurons is widely em-
phasized in the physiopathology of mood disorders (Gönül 
and Akdeniz, 2002). Many factors with neurotrophic 
properties are described. Among these factors are neural 

growth factor (NGF), brain-derived neurotrophic factor 
(BDNF), neurotrophin 3 (NT-3), neurotrophin 4/5 (NT-
4/5), neurotrophin 6 (NT-6), vascular endothelial growth 
factor (VEGF), and glial cell-derived neurotrophic factor 
(GDNF). Among these, BDNF has the most research and 
data in the physiopathology of psychiatric disorders, espe-
cially depression. In this review, the clinical aspects of the 
BDNF will be discussed and the clinical studies will be 
given priority in order to answer the question of whether 
or not it is possible for BDNF to be a marker for stress-
related mood disorders.

METHOD

A search of PubMed limited to only human trials us-
ing the keywords stress and BDNF found 176 studies. 
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Searching again with the keywords mood disorder and 
BDNF located 280 studies. Among these studies, those 
that were a screening, review,  or letter to the editor were 
excluded; thusly, 124 studies were selected for evalua-
tion. The same procedure was performed in the Psikiya-
tri Dizini database to find Turkish studies and a total of 
5 studies were found. Four of these studies were reviews 
and only 1 was an original research report. Additionally, 
2 recent meta-analyses were found that examined the ef-
fect of antidepressant use on BDNF levels in depression, 
and in order to not reduplicate the results these meta-
analyses were included instead of the studies covered in 
these meta-analyses.

BDNF in Peripheral Circulation

In vivo studies have proved that there is perfusion 
of BDNF in the peripheral circulation. Thus, a topic of 
interest is whether or not there is a correlation between 
peripheral and central BDNF levels, and at what level 
BDNF has a perfusion rate in the peripheral circula-
tion. Platelets, eosinophils, brain neurons, and vascu-
lar endothelial cells are known to be sources of BDNF 
(Trajkovska et al., 2007). It is suggested that instead of 
BDNF being synthesized in the platelets, it is sequestrat-
ed into the platelets (Shimizu et al., 2003). It is reported 
that circulating BDNF is not limited to the reactivity 
of platelets (Karege et al., 2005). The most illuminating 
study on this topic was performed by Pan et al. (1998), 
who report that BDNF can cross the blood-brain bar-
rier and that there is a correlation between serum and 
brain BDNF levels. Still, it should be kept in mind that 
measuring serum BDNF level is only an indirect way to 
demonstrate the level of BDNF in the brain. 

Relation between Stress and BDNF

In animal models of mood disorders stress is widely 
used. The precipitating role of acute or chronic stress in 
mood disorders is well known (Duman and Monteggia, 
2006). Smith et al. (1995) were the first to demonstrate 
the role of neurotrophins in changes related to stress, and 
reported that stress decreases gene expression of BDNF 
in the hippocampus CA3 pyramidal cell layers and in the 
dentate gyrus granule cell layer. Stress causes damage and 
atrophy in the neurons in some brain regions, especially 
the hippocampus (Duman, 2004). In addition to being 
an important structure for learning and verbal memory, 
the hippocampus also plays a pivotal role in the physi-
opathology of depression. It is known that the hippoc-
ampus has connections with the amygdala and prefron-
tal cortex (MacQueen et al., 2003). On the other hand, 

the negative modulation effect of the hippocampus on 
the hypothalamus-pituitary-adrenal stress hormone 
axis may be responsible for dysregulation of the stress 
response (Pittenger and Duman, 2007). Due to stress 
there may be impairment in hippocampus-dependent 
memory. These changes can occur due to stress as well as 
glucocorticoids, and glucocorticoids may cause similar 
damage in the hippocampus (Sapolsky et al., 1985). In 
the hippocampus, increasing stress may inhibit neuronal 
growth (Gould et al., 1992) as well as cause neuronal 
death (Magarinos et al., 1996).

Due to exposure to chronic stress, in contrast to re-
duced hippocampal volume, the volume of the amygdala 
increases (Frodl et al., 2003). There is not only an in-
crease in volume, but also hyperactivity in the function 
of the amygdala, as demonstrated in functional imaging 
studies (Drevets et al., 1992). As the hippocampus is re-
sponsible for verbal memory and impairment in verbal 
memory occurs in hippocampal atrophy, the amygdala 
is responsible for learning and memory; however, with 
hyperactivity of the amygdala, amygdala-dependent 
fear learning increases excessively (Conrad et al., 1999). 
Moreover, changes in the amygdala do not reverse com-
pletely, even after the cessation of exposure to chronic 
stressor (Vyas et al., 2004).

The difference between the effects of stress on the 
amygdala, and hippocampus and prefrontal cortex is 
significant. While both acute and chronic stress impairs 
hippocampal function, reduces the length and complex-
ity of CA3 dendrites, and impairs neurogenesis, they 
also lead to enhanced amygdala-dependent fear learn-
ing, increased length and complexity of amygdalar den-
drites, and increased amygdalar volume (Pittenger and 
Duman, 2007). This shows that stress does not have a 
unique effect on brain structure and functions, but may 
have various effects in various brain regions. The rela-
tionship between BDNF and stress contributes to our 
understanding of the physiopathology of major depres-
sion (Pittenger and Duman, 2007).

BDNF findings in Depression

Beyond the relationship between stress and BDNF, 
changes in neurotrophins and BDNF in depression have 
been a focus of interest. In addition to the monoamine 
theory of depression, Popoli et al. (2002) suggest that 
intracellular pathways have a major role in regulating 
neuroplasticity and neurodegeneration in the etiology 
of mood disorders. According to this hypothesis, stress 
results in neuronal atrophy and decreased neurogenesis, 
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and then depression occurs. By stimulating intracellular 
pathways, antidepressants lead to up-regulation of the 
cAMP response element binding (CREB) protein and 
to an increase in the expression of neurotrophic factors, 
particularly BDNF. This hypothesis was the precursor of 
a new understanding of the etiology of depression and 
has been the inspiration for many subsequent studies.

Karege et al. (2002) reported low serum levels of 
BDNF in patients with major depressive disorder when 
compared with control subjects, as well as a negative 
correlation between the severity of depression and se-
rum BDNF level. Shimizu et al. (2003) compared de-
pressed patients that were not pharmacologically treated, 
depressed patients treated with antidepressants, and 
healthy control subjects, in terms of serum BDNF level, 
and reported lower serum levels of BDNF in untreated 
depressed patients than in the other two study groups. In 
accordance with the previous study, Shimizu et al. (2003) 
observed a significant negative correlation between se-
rum BDNF level and Hamilton Depression Rating Scale 
(HAM-D) score. This result was reported in a larger 
study of 111 depressed patients and 107 healthy con-
trols; serum BDNF level was significantly lower in the 
depressed group than in the healthy controls (Huang et 
al., 2008). A meta-analysis reported that serum BDNF 
levels are lower in patients with major depression than 
in healthy controls, and that low-level serum BDNF is 
not associated with age or gender (Sen et al., 2008). It 
is accepted that low-level serum BDNF in patients with 
major depressive disorder is a consistent finding.

While low-level serum BDNF in major depressive 
disorder is reported, it is suggested that some polymor-
phisms of the BDNF gene may be significant. Val66Met 
polymorphism of the BDNF gene is the most studied 
polymorphism and has the largest body of data. It is sug-
gested that healthy controls with the met allele have poor 
performance in episodic memory and that the Val66Met 
allele of BDNF is associated with decreased hippocam-
pal volume and increased activation of the hippocampus 
during learning and memory tasks in normal volunteers 
(Egan et al., 2003; Post, 2007). In a study on healthy 
controls, Eker et al. (2005) showed that Met-BDNF al-
lele carriers have morphological anomalies in the frontal, 
parietal, and temporal cortexes, as compared to Val al-
lele carriers, and that these brain regions are associated 
with working memory. Frodl et al. (2007) reported that 
Met-BDNF allele carriers have smaller hippocampal vol-
ume; however, in 2 larger studies no significant differ-
ence was observed between patients with major depres-
sive disorder and healthy controls, in terms of Val66Met 

polymorphism (Hong et al., 2003; Tsai et al., 2003). In a 
study on HPA axis dysregulation in patients with major 
depressive disorder it was observed that Met-BDNF al-
lele carriers had higher levels of non-suppression, based 
on the dexamethasone suppression test, than other allele 
carriers (Schüle et al., 2006). This study sought to iden-
tify the relationship between BDNF and stress-related 
mood disorders. In a study on citalopram, even though 
there was no difference between depressed patients 
and healthy controls, in terms of polymorphism, Met-
BDNF allele carriers had better responses to antidepres-
sant treatment (Choi et al., 2006). On the other hand, in 
studies conducted with elderly samples the Met-BDNF 
allele was more prevalent in depressive patients than 
in healthy controls (Hwang et al., 2006; Taylor et al., 
2007). Major depressive disorder patients with a history 
of attempted suicide more frequently had the BDNF 
Val66Met polymorphism than those without a history 
of attempted suicide (Sarchiapone et al., 2008). In terms 
of symptomatology, when 154 patients with major de-
pressive disorder were compared with the same number 
of healthy controls, psychotic features, suicidal behavior, 
and a history of mood disorders in the family were more 
prevalent in Met-BDNF allele carriers. In a Japanese 
sample no difference was reported in the frequency of 
BDNF polymorphism between depressed patients and 
healthy controls (Iga et al., 2007). 

Low-level serum BDNF in depression is a consistent 
finding, and while this level is correlated with the sever-
ity of depression, it is not associated with age or gender. 
On the other hand, BDNF polymorphism does not dis-
criminate between depressed patients and healthy con-
trols; however, it can discriminate between some clinical 
and therapeutical features of depression.

The Effect of BDNF on Antidepressant Treatment

The determination that depressive patients have low-
level serum BDNF led to an interest in determining if 
antidepressant treatment would increase serum BDNF. 
The first such study was conducted in Turkey by Gönül 
et al. (2003) and showed that in patients with major 
depressive disorder antidepressant treatment with vari-
ous drugs significantly increased serum BDNF level in 
concordance with the remission of depression, compa-
rable to healthy subjects. Aydemir et al. (2005) evalu-
ated serum BDNF in a group of 10 patients treated with 
venlafaxine and reported that along with remission of 
depression serum BDNF increased to the level of healthy 
controls. Many studies with similar methodologies fol-
lowed these two initial studies. In this present review the 
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results of every other study will not be repeated; how-
ever, two meta-analyses will be discussed.

A meta-analysis by Ronald Duman (a pioneer in this 
field) et al. examined serum BDNF level in depression 
and its change in response to antidepressant treatment 
(Sen et al. 2008). In this meta-analysis 11 studies with 
complete data were evaluated. They reported that serum 
BDNF level was significantly lower in patients with de-
pression than in healthy controls, and antidepressant 
treatment increased serum BDNF to the level of healthy 
controls. In these studies evaluated in this meta-analysis, 
bias for publication of meta-analyses described by Egger 
et al (1997) is not at significant level.

The other meta-analysis was performed by Bruno-
ni et al. (2008); 23 studies were evaluated and data for 
1504 patients were subjected to statistical analysis. The 
effect size was calculated as 0.62 (95% confidence inter-
val: 0.36-0.88). In this meta-analysis, it is reported that 
there is no bias for publication in the studies reviewed. 
While the effect size of the difference in the level of  se-
rum BDNF between depressed patients prior to antide-
pressant treatment and healthy controls was 0.91 (95% 
confidence interval: 0.70-1.11), following antidepressant 
treatment the effect size of the comparison of depressed 
patients and healthy controls, in terms of serum BDNF, 
decreased to 0.34 (95% confidence interval: 0.02-0.66). 
As a result of meta-regression change in the level of serum 
BDNF after antidepressant treatment was independent 
of the change in depressive symptomatology, duration of 
treatment, and history of antidepressant use. Brunoni et 
al. (2008) suggested in their meta-analysis that the level 
of serum BDNF is associated with clinical changes in de-
pression and that improvement after treatment is due to 
change in neuroplasticity. As clinical improvement ob-
tained with antidepressant treatment persists, the level 
of serum BDNF remains unchanged. A 1-year follow-
up study reported that while as from the first month of 
treatment patients’ plasma BDNF levels did not differ 
significantly from those observed in healthy control sub-
jects, serum BDNF levels in patients remained signifi-
cantly high at all times (Piccinni et al., 2008).

One study on antidepressant treatment deserves a 
more detailed evaluation. Yoshimura et al. (2007) com-
pared depressed patients treated with paroxetine or 
milnacipran to healthy controls, in terms of the level 
of serum BDNF. At the end of the trial, serum BDNF 
in the patients that responded to antidepressant treat-
ment increased, as expected. The interesting finding of 
this study is that serum BDNF levels in the patients that 

did not respond to antidepressant treatment remained 
unchanged, as compared to the index measure, and were 
significantly lower than in healthy controls. This find-
ing highlights the role of BDNF in the improvement of 
depression. 

As a result of these treatment studies, antidepres-
sant treatment significantly increases the level of serum 
BDNF in patients with major depressive disorder.

BDNF and other Stress-Related Disorders

In addition to the many studies on BDNF in depres-
sion, there are many studies on BDNF in other stress-re-
lated disorders. These studies will clarify the significance 
of BDNF in stress-related disorders.

Among the stress-related psychiatric disorders is con-
version disorder, and in a comparative study of patients 
with conversion disorder, patients with major depressive 
disorder and healthy controls, patients with conversion 
disorder had serum BDNF levels as low as those in de-
pressed patients (Deveci et al., 2007a). The nonexistence 
of depression in these patients was confirmed both with 
DSM criteria and HAM-D scores. On the other hand, 
another study on suicide attempters without any major 
psychiatric disorder, but with a code V diagnosis accord-
ing to DSM-IV-TR, that presented to an emergency 
room reported that the serum BDNF level in those that 
attempted suicide was lower than in healthy controls 
and similar to that in depressed patients (Deveci et al., 
2007b). These two studies show that even though there 
is no depression, in stress-related disorders serum BDNF 
levels are as low as those seen in major depressive disor-
der. In post-traumatic stress disorder, which is a disorder 
directly associated with stress, low-level BDNF was not 
observed (Zhang et al., 2006). In terms of this unexpect-
ed and paradoxical finding, the authors suggest that the 
effect size of the sample was not sufficient to show the 
difference. Thus, new studies with larger well-structured 
samples are needed. Additionally, in another stress-relat-
ed disorderburnout syndromeserum BDNF levels 
were low and this finding was independent of HPA axis 
dysfunction (Önen Sertöz et al., 2008).

In chronic and persistent stress conditions the case is 
rather different. Event though BDNF levels were low in 
individuals with various stress conditions, in an animal 
study, Kuroda and McEwen (1998) measured BDNF af-
ter 21 days of chronic restraint stress and observed that 
BDNF was unchanged, suggesting that this may have 
been due to desensitization to the effects of repeated 
stress (Duman and Monteggia, 2006). In a study sup-
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porting the findings of this experimental study it is re-
ported that serum BDNF level of the dysthymic group 
was significantly higher than in the major depressive dis-
order group, and did not differ from that in the control 
group (Aydemir et al., 2007). This finding highlights 
the normalization of the serum BDNF level generated 
by desensitization to chronic and persistent stress. The 
relationship between depression and pain syndromes 
caused by chronic stress always arouses interest. Serum 
BDNF levels in pain syndromes, such as migraine and 
fibromyalgia, is higher than those in major depressive 
disorder and similar to those in healthy controls (Taşkın 
et al., 2008). This suggests that either stress causes less 
change in somatizing patients or high level of BDNF 
is the result of desensitization to chronic stress. While 
interpreting this finding it should also be kept in mind 
that in pain syndromes platelets release BDNF. 

As a result of psychiatric disorders other than mood 
disorders, in the presence of stress, independent of de-
pression, serum BDNF has a tendency to decrease.

Is it Possible for BDNF to be a Marker?

We will try to answer the question we asked at the be-
ginning of this paper based on the presented data. Iden-
tification a marker for depression, which is one of the 
most prevalent psychiatric disorders seen in the practice 
of psychiatry, is highly desired. In this respect, based on 
consistent evidence BDNF seems to be a good candi-
date. In a review of the biological markers for depression 
by the World Psychiatric Association Task Force it is sug-
gested that the results provide further support for the hy-

pothesis that BDNF may be central to the development 
of depressive mood states (Mössner et al., 2007).

Data that show lower BDNF levels in depressed pa-
tients than in healthy controls, significant increases in 
BDNF with antidepressant treatment, and unchanged 
levels or non-normalization of BDNF in patients with-
out a response to antidepressant treatment make BDNF 
a marker for depression. On the other hand, changes 
in the level of BDNF in several other conditions limit 
its specificity for depression. As in the release of BDNF 
from platelets, several medical conditions that cause pe-
ripheral changes in BDNF levels may also affect serum 
BDNF levels in psychiatric disorders. Nonetheless, the 
consistent finding that antidepressant treatment causes 
an increase in the serum BDNF level results in BDNF 
being considered a marker, at least in treatment studies.

CONCLUSION

BDNF is a promising marker because it is the most 
studied biological variable. When the data presently 
available is evaluated, serum BDNF level is not a strong 
marker for the diagnosis of depression. As serum BDNF 
levels may change in many different medical conditions, 
specificity in any disease or disorder cannot be high; 
however, some data indicate that BDNF can be consid-
ered as a marker in stress-related disorders or in mood 
disorders with a stress-related etiology. In psychiatric 
disorders, especially depression, studies on BDNF may 
again highlight the concept of “endogen-reactive”. This 
issue deserves additional research.
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