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Abstract

Background—Converging lines of evidence implicate the neurotrophin brain-derived
neurotrophic factor (BDNF) in the pathophysiology of major depression. Recent studies have begun
to explore the relationship between serum BDNF and depression.

Methods—We conducted meta-analyses of 11 studies examining differences in serum BDNF
content between depressed and non-depressed subjects (total N = 748), and 8 studies comparing pre
and post antidepressant treatment serum BDNF content (total N=220).

Results—The meta-analysis revealed strong evidence that BDNF levels were lower in depressed
subjects than healthy controls (p < 6.8 x1078). Similarly, the second meta-analysis found significantly
higher BDNF levels after antidepressant treatment (p = 0.003). There was no evidence of publication
bias in the first (p = 0.376) or second (p = 0.571) meta-analysis and no evidence that either meta-
analysis was unduly influenced by any one study.

Conclusions—These findings provide strong evidence to suggest that serum BDNF levels are
abnormally low in patients suffering from major depressive disorder, and that the BDNF levels are
elevated following a course of antidepressant treatment. Although the relationship of the present
findings to pathophysiology of depression and the mechanism of drug action remains to be
determined, the measure may have potential use as a biomarker for psychiatric disorders or as a
predictor of antidepressant efficacy.
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Over the past decade, increasing evidence has implicated neurotrophic factors in the
pathophysiology of depression (1). Stress, an important precipitant of depression, has been
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repeatedly shown to robustly reduce neurogenesis and the expression of neurotrophic factor
genes in the brain (2,3). In contrast, antidepressant treatments almost universally promote
neurogenesis and neurotrophic factor gene expression (3,4). Further, depressed subjects show
increased cellular atrophy in limbic and cortical areas of the brain, consistent with decreased
neurotrophic activity (5).

Among neurotrophins, brain-derived neurotrophic factor (BDNF) has been most extensively
studied in relation to depression. BDNF is a dimeric protein found throughout the brain, with
particular abundance in the hippocampus and cerebral cortex (6). Depressed subjects show
reduced levels of hippocampal and cortical BDNF in postmortem studies (7). This is of special
interest considering hippocampal lesions have effects on anxiety and depressive behaviors
(8), and the hippocampi of depressed patients are consistently found to be smaller than those
of healthy individuals (9). In addition, a polymorphism in the BDNF gene has been associated
with depression related traits in some but not all studies (10-13), and direct infusion of BDNF
into the brains of animals has been shown to produce an ‘anti-depressant effect’ in learned
helplessness and forced swim models of depression (14,15).

Given the difficulty of studying BDNF levels in the brain directly, there has been great interest
in the accurate assessment of BDNF activity peripherally. Peripheral measures of BDNF can
be obtained relatively non-invasively from blood samples. Serum, plasma, and whole blood
BDNF content are commonly measured using enzyme-linked immunosorbent assays (ELISA)
commercially supplied by Promega (Walisellen, Switzerland) or R & D Systems (Minneapolis,
Minnesota) with relatively high specificity and sensitivity. In 2002, Karege and colleagues
(16) identified a correlation in rodents between cortical and serum BDNF and subsequently
found that serum BDNF was lower in depressed patients than matched controls (17). In the
years since this report, there have been multiple attempts to replicate this association.

Other studies have begun to explore serum BDNF through the comparison of levels in
depressed patients before and after pharmacological antidepressant treatment. Some studies
have found a significant difference in serum BDNF levels while others did not (18,19).

A technique that has proven useful in resolving discrepancies between association studies is
meta-analysis (20). Meta-analysis is a quantitative method of combining the results of
independent studies and synthesizing summaries and conclusions. This method increases
power to distinguish between small effects and no effect. Furthermore, it can help determine
whether variation in effect between studies is due merely to expected random statistical
fluctuation, or also due to variation between studies in the sample used or trait assessment.

In this report, we perform meta-analyses on studies of: 1) the comparison of serum BDNF
levels between depressed patients and healthy controls 2) the comparison of serum BDNF
levels in patients with depression before and after antidepressant treatment.

Materials and Methods

Studies

Studies were identified through PubMed at the National Library of Medicine using the search
terms: 1) BDNF Depression 2) Brain Derived Neurotrophic Factor Depression. We
subsequently checked the reference sections of the publications found through our search to
identify additional studies that may have been missed. Among identified references, 13 studies
comparing serum BDNF levels in depressed and control samples were identified. Of these
studies, 2 were eliminated from our first analysis because of an overlap in sample with included
studies. 8 studies comparing serum BDNF levels in depressed subjects before and after
antidepressant treatment were identified and included for our second analysis. Although there
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are now a few recent studies suggesting plasma BDNF content is also decreased in depressed
subjects (19,21-23), this data was not included in this analysis in order to minimize potential
confounds.

Statistical Analysis

Results

For both analyses, we recorded the number of subjects, mean serum BDNF level and standard
deviation for each group of subjects (Analysis 1: Depressed and Controls; Analysis 2:
Pretreatment and Posttreatment) in each study included in our analysis. For analysis 2,
investigators measured posttreatment BDNF levels at various times after antidepressants were
started. For our meta-analysis, we used the BDNF levels from the last time point reported in
each study. For both meta-analyses, we also recorded the gender and age compositions of the
sample used in each study.

In order to have all studies on the same scale for our analyses, the raw score from each study
group was converted to a T-score so that each study had an overall mean score of 50 + 10.
Random effects meta-analyses were performed with the diagnosis T-score and the drug
treatment T-scores as the dependent variables. Age and gender composition of the study were
included as covariates and each study group was weighted according to the inverse of its
variance.

To ascertain if the results of our analyses were strongly influenced by any single study,
sensitivity analyses were performed. The overall significance was recomputed after each study
was individually deleted from the analysis (Figure 2).

In order to assess for significant publication bias, the method described by Egger and colleagues
was used (24). This method regresses the standard normal deviate (estimated regression
coefficient divided by standard error) against the weight (1/variance) of the study. The
regression coefficients were also used to test for the presence of heterogeneity among the results
of the studies. All analyses were carried out in SPSS 15.0 (SPSS Inc., Chicago, Il, USA).

Analysis 1: Depressed vs. Controls

Across 11 included studies investigating depression status and BDNF levels (depressed N =

366; control N = 382), the weighted diagnosis T-scores were (mean = SD): depressed, 45.7 £
9.5; control, 54.1 + 10.5. The meta-analysis showed strong evidence for an association between
Serum BDNF and Depression status (p < 6x1078). Neither the age (p = 0.671) nor gender (p
= 0.274) composition of the studies was a significant covariate in the analysis. There was no
evidence for heterogeneity among the studies (p = 0.919).

To determine if an individual study was responsible for the presence or absence of an
association in each of the tests, we performed a series of sensitivity analyses (Table 2). Each
study was individually excluded and the significance of the analysis was recomputed. The
result remained highly significant in each of these analyses.

The publication bias statistic of Egger and colleagues was not significant (p = 0.376).

Analysis 2: Pretreatment vs. Posttreatment

Among studies comparing serum BDNF levels in patients before and after antidepressant
treatment (N = 220), the weighted drug treatment T-scores were (mean + SD): pretreatment,
46.9 £ 9.9; posttreatment, 53.1 + 10.1. The meta-analysis showed evidence for an association
between Serum BDNF and Depression status (p = 0.003). Neither the age (p = 0.990) nor
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gender (p = 0.785) composition of the studies was a significant covariate in the analysis. There
was no evidence for heterogeneity among the studies (p = 0.19). Sensitivity analysis showed
that the significant result of this meta-analysis was not unduly influenced by any one study.
The publication bias statistic of Egger and colleagues was not significant (p = 0.571) indicating
that it was unlikely that publication bias was responsible for this association.

Discussion

In this study, we report the results of meta-analyses that confirm significant associations
between serum BDNF levels and both depression status and pharmacological antidepressant
treatment. In the first analysis, healthy subjects had serum BDNF levels 0.84 standard
deviations greater than depressed subjects. Given the median BDNF levels (22.2 ug/ml) of the
included studies, this translates to 6.3 pg/ml serum BDNF levels. In the second analysis,
subjects had serum BDNF levels 0.62 standard deviations greater after antidepressant
treatment. This translates to an increase of 4.7 ug/ml serum BDNF levels after pharmacological
antidepressant treatment. For both meta-analyses, there was no evidence for publication bias.
Similarly, our sensitivity analyses demonstrate that the results of the meta-analyses were not
due to the influence of any one study.

What is source of the serum BDNF?

Despite the name, BDNF is expressed in most tissues of the body at relatively high levels
(25). BDNF in the blood could be derived from a number of these peripheral tissues, as well
as from the brain. BDNF in the blood is stored at relatively high levels in platelets (23), but
there is little or no information about the source of BDNF in the blood or its regulation by
stress, endocrine factors or environmental stimuli. In the brain, many different types of stress,
as well as adrenal-steroids, decrease the expression of BDNF in limbic brain regions in rodent,
preclinical studies (5). Future studies will be required to determine if the reduction in serum
BDNF levels results from decreased levels of BDNF in the brain, peripheral tissues, or both.

What is the utility of the measure as a biomarker?

Identifying biomarkers that could be used to assist in the diagnosis of major depressive disorder
has remained a goal of clinicians and scientists for more than a half of a century. Despite the
uncertainty surrounding the source of the serum BDNF, the relative simplicity of the test and
the highly consistent findings of reduced serum BDNF levels in individuals with major
depressive disorder suggest that the measure may prove to be a clinically useful biomarker.
However, the apparent lack of diagnostic specificity is likely to be a major drawback limiting
the true clinical utility of the measure. In addition to major depression, reduced serum and
plasma BDNF levels have also recently been reported in several other disorders including;
schizophrenia (26), bipolar disorder (27), eating disorders such as bulimia nervosa and anorexia
nervosa (28), Huntington's disease (29), Alzheimer’s disease (30), autism (31) and even lower
respiratory infections (32). Interestingly, there are also several recent reports suggesting that
BDNF levels are decreased in individuals with type-2 diabetes (33,34) and purporting a link
between reduced circulating BDNF levels and metabolic syndrome (35,36). Although the
seemingly non-specific association of reduced serum BDNF levels to a broad range of disorders
detracts from its appeal as a specific diagnostic biomarker, it may inform us about a common
pathophysiological mechanism that is shared by several different disease processes. In addition,
it may also provide some insight into the high rates of comorbidity that exist between many of
the disorders.

A second potentially interesting application of serum BDNF measures could be as a surrogate
biomarker of antidepressant efficacy. There is now strong evidence that serum BDNF levels
increase following treatment with antidepressant medications, similar to what is seen with

Biol Psychiatry. Author manuscript; available in PMC 2009 September 15.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Sen et al.

Page 5

BDNF expression in specific brain regions in rodent models (5). This suggests that the measure
may be used to screen for novel antidepressant agents or possibly even predict an individual’s
response to an antidepressant treatment at an early time point after treatment initiation if a
relationship can be established between the change in BDNF levels and clinical response.
However, it is important to recognize that plasma and serum BDNF levels have also been
shown to correlate with other events and activities such as food intake (37), stress (38), and
exercise (39), that are likely to complicate the interpretation of the findings and possibly limit
the true utility of the measure. On the other hand, it is worthy of note that some of these
conditions are known to either exacerbate or precipitate depression (e.g., stress), or produce
an antidepressant response (5). It will be interesting to see what effect non-pharmacological
antidepressant treatments have on serum BDNF levels in depressed subjects.

What is the functional impact of serum BDNF?

In addition to the importance of BDNF as a potential biomarker of depression and
antidepressant responsiveness, it is also possible that serum BDNF has functional effects on
the brain. Although the blood brain barrier prohibits the passage of most proteins, there is now
evidence for active transport of a number of regulatory factors, including peripheral growth
factors (40). The best example is insulin-like growth factor 1 (IGF-1). IGF-1 is made
predominantly in the liver, but is actively transported into the brain where it has been shown
to regulate neuronal function, survival, neurogenesis and behavior (41,42). Studies of BDNF
uptake or transport have been mixed, and additional work will be required to determine if there
is an active transport system for uptake of BDNF into the brain.

However, in recent preliminary studies we have found that peripheral administration of BDNF
produces both cellular effects in the brain and behavioral actions (Schmidt and Duman,
unpublished observations). BDNF infusion over a period of 2 weeks increases neurogenesis
in the adult hippocampus and produces anxiolytic and antidepressant effects in rodent
behavioral models. It is possible that these effects of peripheral BDNF infusions could result
from direct actions of BDNF that is transported into the brain, or from indirect effects of BDNF
on peripheral tissue, resulting in release of other factors that are transported into the brain (e.g.,
IGF-1) or even metabolic effects. Regardless of the mechanism, these preliminary studies
demonstrate that BDNF in the blood is capable of producing central actions at both the cellular
and behavioral levels in animal models.

Summary and Conclusions

In sum, there is now overwhelming evidence demonstrating that serum BDNF levels are
reduced in individuals suffering with major depressive disorder. There is also very strong and
consistent evidence suggesting that these levels normalize following antidepressant treatment.
These findings are of great interest to the field considering the growing evidence of
neurotrophic factor involvement in the pathophysiology of the disorder and the mechanism of
antidepressant drug action. Although the extent to which the serum BDNF levels reflect brain
content remains in question, there is now reason to believe that peripheral BDNF may have
effects on brain function and behavior. Lastly, the potential utility of serum BDNF levels as a
biomarker for illness and antidepressant efficacy has stirred significant interest. While the
reduced levels of serum BDNF may reflect a common pathophysiological phenomenon shared
by many illnesses, the lack of specificity under the current diagnostic system severely limits
the clinical utility of the measure at present. Future studies are required to determine if the
measure can be used in a way to guide clinical decision-making and/or drug development.
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Table 3
Sensitivity Analysis - Serum BDNF and Depression Status

Study. Recalculated P value

Shimizu(43) 3.8 x10~

Karege-A(17) 5.4 %10’

Piccinni(19) 9.4x10°

Gervasoni(44) 8.1x10 '

Avdemir — A(45) 7.0x 10/

Yoshimura(18) 2.0x10 '

Karege-B(23) 51x10 "

Avydemir — B(46) 4.8x10"

Huang(47) 31x10°

Gonul(48) 5.0x10’

Monteleone(49) 53x10 "
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Table 4

Sensitivity Analysis - Serum BDNF and Antidepressant Treatment

Study Recalculated P value|
Huang(47) 0.002
Piccinni(19) 0.013
Yoshimura(18) 0.019
Avydemir — A(45) 0.016
Gervasoni(44) 0.013
Gonul(48) 0.029
Avdemir — B(46) 0.002
Hellweg(50) 0.004
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