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Abstract

Introduction—Some studies have found that antidepressants increase serum brain-derived
neurotrophic factor (BDNF) levels in patients with major depression and the expression of BDNF
mMRNA in limbic structures of rats.

Objectives—This study addressed whether the SSRI escitalopram increases serum BDNF levels
in subjects with PTSD and whether BDNF levels are associated with treatment response.

Methods—Medically healthy male subjects (N=16) with chronic PTSD completed a 12-week open
label trial of flexible dose (5-20mg/day) escitalopram monotherapy. BDNF levels were obtained at
baseline, and at weeks 4, 8 and 12.

Results—PTSD symptoms significantly declined over the course of the 12 week escitalopram
treatment. Despite a substantial improvement in PTSD symptoms, there was virtually no change in
BDNF levels over time. Nevertheless, mean BDNF levels across the trial were strongly correlated
with the slope of PTSD symptoms over the 12 weeks (r = 0.58, p= 0.018). Lower mean BDNF was
associated with a greater decrease in PTSD symptoms over the course of the trial.

Conclusions—PTSD subjects with low BDNF levels demonstrated the largest treatment response
from an agent with putative neurotrophic effects.
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1. Introduction

Brain-Derived Neurotrophic Factor (BDNF), a member of the neurotrophin family, is a basic
homodimeric protein that promotes neuronal survival and regulates the proliferation and
differentiation of nerve cells in the peripheral and central nervous systems (Aydemir et al.
2006;Lindsay et al. 1994). BDNF is highly expressed in hippocampus, one of the few areas of
active neurogenesis in human adult brains (Lie et al. 2004). In diverse animal models, stress
can decrease the synthesis of hippocampal BDNF, the growth of new dentate granule cells,
and induce atrophy of apical dendrites of CA3 neurons (Gould et al. 1997;Gould et al.
1998;Magarinos and McEwen 1995). In humans, stressful life events have been associated
with low peripheral levels of BDNF (Grassi-Oliveira et al. 2008;Kauer-Sant’Anna et al.
2007). In addition, a recent meta-analysis showed that, before treatment, patients with major
depressive disorder (MDD) present lower levels of serum BDNF than healthy subjects (Sen et
al. 2008). Conversely, chronic administration of antidepressants appears to increase the
expression of BDNF mRNA in limbic structures of rats (Hashimoto et al. 2004). Some studies
have demonstrated that treatment with various antidepressant drugs can normalize serum
BDNF in patients with MDD (Sen et al. 2008). Consistent with these observations, other
authors showed that antidepressant medications increase neural progenitor cells in the
hippocampus in animal and humans models (Boldrini et al. 2009).

BDNF is also thought to be involved in the pathogenesis of several neuropsychiatric disorders,
including MDD and Posttraumatic Stress Disorder (PTSD) (Broekman et al. 2007). BDNF
contributes to learning and memory (Lommatzsch et al. 2005), which are hippocampus-related
functions (Felmingham et al. 2009) frequently impaired in PTSD patients (Vermetten et al.
2003). Patients with PTSD exhibit smaller hippocampal volumes than healthy controls,
exposed or not to traumatic events (Karl et al. 2006;Vermetten et al. 2003), and duration of
PTSD has been negatively correlated with right hippocampal volume (Felmingham et al.
2009). Accordingly, chronic treatment with paroxetine seems to reverse the hippocampal
atrophy observed in PTSD patients (Vermetten et al. 2003). Surprisingly, there are only three
studies investigating the relationship between peripheral BDNF levels and PTSD in humans
(Dell’Osso et al. 2009;Hauck et al. 2009;Hauck et al. 2010). In a case report, a patient with
PTSD who was already taking sertraline, showed higher serum BDNF levels than matched
controls at first evaluation, and these levels decreased during treatment with sertraline and
psychotherapy (Hauck et al. 2009). In a cross-sectional study, patients with PTSD and acute
stress disorder (ASD) who had their first traumatic event in the year before assessment showed
higher serum BDNF levels than age and gender controls. Further, this study showed that serum
BDNF levels of patients with PTSD who experienced their first traumatic event more than four
years before assessment was no different than matched controls (Hauck et al. 2010). However,
in another cross-sectional study, drug-free patients with PTSD showed lower plasma BDNF
levels than matched controls, independent of the length of time between the traumatic events
experienced by the former and the assessment (Dell’Osso et al. 2009). Therefore, at present,
the role of BDNF in PTSD is far from being understood.

Considering that response to escitalopram was associated with hippocampal neurogenesis in
a stress-induced rat model of depression (Jayatissa et al. 2006), the low response rates to
pharmacological therapy in PTSD (Berger etal. 2009), and the dearth of evidence of biomarkers
of treatment response for PTSD, we sought to determine whether serum levels of BDNF predict
response to escitalopram in patients with PTSD.
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2. Methods

2.1 Patients and recruitment

Sixteen medically healthy male subjects with chronic PTSD, who were medication-free for at
least 2 weeks, were recruited from internet advertisement in the community and the PTSD
Program at the San Francisco Veterans Affairs Medical Center. PTSD was diagnosed if
individuals met criteria for DSM-IV TR (American Psychiatric Association 2000) and a total
score > 40 on the Clinician Administered PTSD Scale (CAPS) (Blake et al. 1995). The
Structured Clinical Interview for DSM-IV (SCID-1) (First et al. 1996) was administered to
assess comorbidity, and subjects were excluded if they had a lifetime history of bipolar or any
psychiatric disorder with psychotic features; prominent suicidal or homicidal ideation; history
of alcohol or drug abuse/dependence within the past six months; history of neurological
disorder; current systemic illness affecting central nervous system function; history of
myocardial infarction in the past year; and subjects who planned to start a new form of
psychotherapy during the protocol. Concomitant psychosocial treatment was limited only to
ongoing therapy initiated at least 2 months prior to the trial. In addition, subjects who had taken
any psychiatric medication two weeks before enrollment, those who were prescribed
citalopram or escitalopram within the past 6 months, and those who had a trial of fluoxetine
or antipsychotic medication in the past 6 weeks were also excluded.

After the procedures and possible adverse effects were fully explained, all participants gave
informed consent. The study protocol and consent form was approved by the Committee on
Human Research at the University of California, San Francisco (UCSF). This study was
performed according to the ethical standards of the Declaration of Helsinki.

2.2 Procedure

The first phase of the study included a laboratory screening for medical illness and urine
toxicology. This was an open-label, longitudinal, dose-escalating study. Subjects satisfying
the inclusion criteria were started on 5mg escitalopram. Medication was increased as tolerated
in weekly 2.5, 5 or 10 mg increments, until a maximally tolerated dosage or a clinical response
was achieved. The final dosage ranged from 5 to 20 mg/day (mean 12.5 + 5.08). The active
treatment phase consisted of a 12-week trial. No concurrent psychotropic or hypnotic
medications were allowed during the course of the study. Compliance was assessed by pill
count check.

2.3 Measures

The symptoms of PTSD were assessed by the CAPS, a structured clinical interview, at baseline
and week 12 and by the PTSD Checklist (PCL) (Blanchard et al. 1996), a 17-item self-report
questionnaire, every 2 weeks. The response criteria with respect to PTSD symptoms was a
reduction >30% in CAPS scores between baseline and endpoint, and full remission was defined
as CAPS score < 20 at week 12. Depressive symptoms were measured with the Hamilton
Depression Rating Scale (HAM-D) (Hamilton 1960), a 17-item interviewer rated scale, at
baseline and week 12. For MDD symptoms, response was defined as a reduction >50% in the
HAM-D total scores between baseline and week 12, and remission as a HAM-D total score <
7 at endpoint.

2.4 Blood Processing and Assay Methods

Blood for BDNF was collected into serum separator tubes baseline prior to treatment and at
weeks 4, 8, and 12 during the trial. After sitting at room temperature for one hour to allow
clotting, followed by one hour at 4° C for platelet activation (Karege et al. 2002a), blood was
centrifuged at 4° C 2200rpm for 10 min, and serum was separated and stored at —80° C until
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assay. Serum was assayed for BDNF in duplicate, using a commercial BDNF ELISA assay kit
(R&D Systems, Minneapolis, MN, USA). To evaluate inter-assay variability, an internal
control consisting of serum obtained from one individual, frozen in multiple aliquots, was run
on each plate processed. BDNF concentrations of this control sample were measured on several
different days and multiple 96-well plates. The R&D Systems Human BDNF Quantikine
ELISA Kit was found to have an acceptable 8-14% inter-assay variability. Intra-assay CV was
<10%, or samples were re-assayed. Subjects’ baseline, 4, 8, and week 12 samples, were run in
the same assay.

2.5 Data Analyses

3. Results

Primary outcome analysis was focused on serum BDNF and changes in clinician administered
and self-report measures of stress specific symptoms from baseline, weeks 4 and 8, and
completion of 12 weeks of treatment. Specifically, separate linear mixed effects models were
fitted to the CAPS (administered at baseline and endpoint) and PCL scores (administered at
baseline and every four weeks, until week 12), which were the primary outcome measures for
assessing the effect of escitalopram treatment. Analyses of depression symptoms were
designated as secondary. We followed the recommendations of Speer (Speer 1992) in
determining clinically significant change for each individual.

The specific form of the mixed model was a random coefficients model, specifying random
(subject-specific) intercepts and, for variables measured at more than two time points, random
slopes (Brown and Prescott 1999). For outcomes measured only at baseline and end of
treatment, this analysis is essentially equivalent to a repeated measures ANOVA. For variables
measured at 3 or more time points, the mixed model analysis is preferable to repeated measures
ANOVA in that it relaxes the assumption of heterogeneity of variance and handles within-
subjects correlations more realistically. It also accommodates randomly missing data. An
important feature of the random coefficients model is that it models individual subjects’ slopes,
and thus can generate subject-specific slope estimates to describe individual treatment
responses over time. These slope estimates can then be used in further analyses to examine
individual differences in treatment response (Gibbons et al. 1993). Since PCL-C was
administered in more than two time points, this measurement was preferred to CAPS in the
correlation analysis between treatment response and serum BDNF levels.

Fifteen of the 16 subjects completed a 12-week open label trial of escitalopram monotherapy.
One subject dropped out after week 8 due to personal reasons (not related to lack of efficacy
or adverse effects), but his assessments at week 8 were used in the analyses. Table 1 depicts
the patients’ demographic characteristics and comorbidities. Escitalopram significantly
reduced PTSD symptoms over the course of treatment in both civilian (N=7) and veterans (N=
9), as measured by CAPS and PCL (table 2). In addition, out of the 15 patients with PTSD who
completed the study, 11 (73.3%) were considered treatment responders and 7 (46.7%) achieved
full remission. As expected, depressive symptoms also decreased significantly over the trial,
according to the HAM-D scores. Of the 8 patients diagnosed with MDD at baseline, 7 (87.5%)
responded to escitalopram treatment and 5 (62.5%) attained remission at endpoint. Despite a
substantial drop in PTSD and depressive symptoms, there was no appreciable change in serum
BDNF levels over time (Table 2). However, the average serum BDNF levels across all
collection points were strongly correlated with the slope of PTSD symptoms over the 12 weeks
(r=0.58, p = 0.018). Specifically, lower mean serum BDNF levels over time were associated
with a greater decrease in PTSD symptoms over the course of the trial (Figure 1). Baseline
serum BDNF levels were not correlated with CAPS or PCL-C scores (r =0.25,p=0.36 and r
=-0.09, p = 0.73, respectively).
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4. Discussion

Besides one case report (Hauck et al. 2009), this is the first study to longitudinally evaluate the
relationships between serum BDNF levels and treatment response in patients suffering from
PTSD. Despite a substantial decrease of PTSD and comorbid depressive symptoms over the
course of an open label trial of escitalopram monotherapy, no significant changes in peripheral
BDNF levels were detected throughout the 12 week treatment. Nevertheless, lower mean serum
BDNF levels over the trial were a strong predictor of good PTSD response to escitalopram,
even after adjusting for the age of participants and for baseline PTSD and depression severity.
This suggests that low serum BDNF is a biomarker predicting a favorable response to an
intervention that is presumed to potentiate neurogenesis. This finding will need to be confirmed
by larger studies.

Our finding that lower mean serum BDNF levels over the trial predicted a good PTSD response
to escitalopram might be explained by the effects of BDNF in the mesolimbic dopamine
pathway. In contrast to the role that BDNF has in the hippocampus, high levels of BDNF in
the mesolimbic dopamine pathway may be crucial to the development and maintenance of
PTSD. The mesolimbic dopamine pathway is composed of dopaminergic neurons in the
midbrain ventral tegmental area (VTA) and their projections to the nucleus accumbens (NAc)
(Berton et al. 2006). It has been hypothesized that dopaminergic signaling to the NAc is
involved in the appraisal and response to threats from the social environment (Insel and Fernald
2004). BDNF is a potent excitatory neurotransmitter evoking rapid postsynaptic depolarization
(Lommatzsch et al. 2005; Kafitz et al. 1999), and BDNF activation of tropomyosin-related
kinase B (TrkB) receptors may promote dopamine release in the NAc (Graham et al. 2009). In
mice, intact BDNF function in the mesolimbic dopamine pathway is necessary for the
development and the maintenance of social avoidance behavior (a core symptom of PTSD in
humans) induced by defeat stress paradigm. Accordingly, the inhibition of BDNF activity in
the VTA-NAc pathway exerts an antidepressant-like activity in rodents and reverses the social
avoidance behavior caused by defeat stress paradigm (Berton et al. 2006; Eisch et al. 2003).
From this perspective, high BDNF activity in this pathway might be a source of treatment
resistance. Thus, if peripheral BDNF provides an indicator of activity in the VTA-NACc, then
higher levels could be a predictor of poor response to treatment.

Our finding that the SSRI escitalopram ameliorated PTSD symptoms without increasing serum
BDNF levels is similar to some, but not all of those reported in the field of depression.
Matrisciano et al. (2009) demonstrated that sertraline, venalfaxine and escitalopram for 24
weeks had shown comparable efficacy in 21 depressed patients (10 women); however, only
escitalopram did not induce an increase in serum BDNF levels (Matrisciano et al. 2009). On
the other hand, Aydemir et al. (2006) showed that the treatment for 6 weeks with escitalopram
was effective in 20 women with MDD and led to an increase in serum BDNF levels. Although
the absence of studies correlating the use of escitalopram and alterations in serum BDNF levels
of patients with PTSD limits us to compare our findings to those of studies on depression, these
comparisons may not be valid. PTSD and depression seem to exhibit distinct neurobiological
alterations (Yehuda 2002), and gender differences have been associated with peripheral BDNF
levels (Lommatzsch et al. 2005). The fact that we enrolled only men in our study and the two
above mentioned studies on depression employed both men and women or only women limits
the comparability of these studies. Although most studies on MDD have shown that serum
BDNF levels increase in association with the therapeutic effects of antidepressants (Sen et al.
2008), different antidepressant drugs have variable effects on serum BDNF levels (Matrisciano
et al. 2009). In the field of PTSD, our results accord with those of the only study investigating
the effects of treatment with a SSRI on serum BDNF. In a case report of Hauck et al. (2009)
treated a patient with chronic PTSD with sertraline and psychotherapy for six weeks, and,
despite the reduction in PTSD symptoms, no increase in serum BDNF levels was observed.
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Despite some authors have advocated that plasma BDNF might represent a more reliable and
sensitive peripheral marker of BDNF variations occurring in the brain (Dell’Osso et al. 2009;
Lommatzsch et al. 2005) than serum BDNF, we decided to investigate the latter because plasma
BDNF levels show diurnal variation (Piccinni et al. 2008; Begliuomini et al. 2008) and a high
inter-individual variability (Grassi-Oliveira et al. 2008; Karege et al. 2005; Lee et al. 2007),
therefore becoming unsuitable for a clinically feasible biomarker for treatment response.
Moreover, increases in serum BDNF levels in treatment-responsive depressed patients but not
in nonresponders suggests a relationship between central processes and BDNF measured
peripherally (Vinogradov et al. 2009). Animal models demonstrated that brain and serum
BDNF levels change in parallel during maturation and aging; and serum and cortical BDNF
levels are positively correlated (Karege et al. 2002; Vinogradov et al. 2009).

Although no study has demonstrated that the treatment with SSRIs increases BDNF levels in
patients with PTSD, evidence suggests that the chronic use of paroxetine promotes
neurogenesis in the hippocampus of these patients. In an open-label study using magnetic
resonance imaging (MRI), Vermetten et al. (2003) showed an increase of 4.6% in mean
hippocampal volume of 20 patients with PTSD after treatment with paroxetine for 9-12 months
(Vermetten et al. 2003). However, it is likely that there were multiple mechanisms beyond
BDNF release that were involved in this observed increase in hippocampal volume. For
example, high concentrations of glutamate can damage neurons in human hippocampus, and
the stress-related neurodegeneration of hippocampus can be prevented by blocking the
glutamate-activated NMDA receptors (Moghaddam 2002). Studies have shown that treatment
with SSRIs reduces plasma levels of glutamate in depressed patients (Kugukibrahimoglu et al.
2009), and that treatment with paroxetine decreases central levels of glutamate in children with
obsessive-compulsive disorder (Rosenberg et al. 2000). A recent MRI study showed that the
reduction in hippocampal volume seen in patients with PTSD is restricted to the dentate gyrus
(DG) and CA3 subfields (Wang et al. 2010). Studies from animal models suggest that while
the DG subfield is a key site of neurogenesis (mediated by some neurotrophins, including
BDNF), the CA3 is a major target of glucocorticoids, a class of steroid hormones that are
elevated under conditions of stress and promote neuronal death (Wang et al. 2010). In addition,
a study in rats showed that the administration of fluoxetine or desipramine leads to an increase
in hippocampal expression of fibroblast growth factor 2, a neurotrophic factor underexpressed
in hippocampus of depressed patients (Bachis etal. 2008). Finally, studies on depressed patients
show that paroxetine can effectively ameliorate symptoms without increasing serum BDNF
levels (Hellweg et al. 2008) similar to our results.

Like Hauck et al. (2010), we found no correlation between serum BDNF levels and severity
of PTSD. However, studies comparing peripheral BDNF levels in patients with PTSD and
controls show less consistent results. Hauck et al. (2010) found that patients with PTSD (and
ASD) due to recent traumas (occurred in the year of assessment), had higher serum BDNF
levels than matched controls, but this difference was not significant in patients with PTSD of
longer duration (i.e. greater than 4 years). This contrasts with results reported by Dell’Osso et
al. (2009) who showed that PTSD patients had lower plasma BDNF levels than matched
controls independent to duration of illness. However, differences in the medication status of
participants, and the type of BDNF levels measured (i.e. serum vs. plasma) in these studies
could explain these apparently contradictory results. In a case report, Hauck and colleagues
(2009) also found higher serum BDNF levels in a patient with chronic PTSD at baseline,
compared to healthy controls. It is noteworthy that in this the patient was already taking
sertraline for 15 days before the first assessment. Thus, due to the discrepancy in the results of
the few studies investigating the role of BDNF in patients with PTSD, the differences in their
methods and the small sample sizes preclude any definitive conclusion about this issue.
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The present work is the second to investigate the efficacy of escitalopram in treating PTSD
patients. In our sample, the assessments at week 12 demonstrate that both combat and non-
combat PTSD subjects showed a significant decrease in PTSD and MDD symptoms, the former
evaluated by self-report and clinician-report ratings. Regarding PTSD symptoms, at the end
of our study, 73.3% of subjects were considered responders to escitalopram and 46.7%
achieved full remission. These results are in agreement with another 12-week open-label trial
where 24 veterans with PTSD were treated with 20 mg/day of escitalopram (Robert et al.
2006). In that study, the mean CAPS score decreased from 79.42 to 61.21, with 37.5% of
participants being considered responders (characterized as a reduction > 20% on CAPS scores,
a more permissive criteria than ours) (Robert et al. 2006). Although we have found a greater
response to escitalopram treatment in our study, it must be noted that the subjects included in
Robert et al.”s work were all veterans, a group believed to be more refractory to treatment
(Brady et al. 2000;Davidson et al. 2001), and had higher mean CAPS score at baseline (79.42
vs. 61.81).

4.1 Limitations

Although our results suggest that serum BDNF levels during treatment are a potential
prognostic biomarker for response to SSRI therapy in PTSD, the present work must be
interpreted in the light of some limitations. First, our data are from an open-label trial with a
small sample size. The second limitation is that we used flexible doses of escitalopram (5 to
20 mg/day) in our patients. Third, it is still not known if serum BDNF is a good proxy for brain
BDNF concentrations in humans. However, studies in rats show that BDNF readily crosses
the blood-brain barrier in both directions through a high-capacity saturable transport system
(Vegaetal. 2006), and there is a strong correlation (r=0.81) between serum and cortical BDNF
(Karege et al. 2002b). Furthermore, even if we assume that peripheral BDNF is a reliable
indicator of the cortical levels (Karege et al. 2002b), the effects of BDNF seems to vary
depending on the specific site of action in the brain. For instance, in mice targeted ablation of
the BDNF gene within the dentate gyrus, but not within the CA1 region of the hippocampus,
results in an attenuated response to antidepressants (Adachi et al. 2008). Fourth, neurogenesis
is a very complex phenomenon that is influenced by many other unmeasured factors that play
an important role in mood and anxiety, through direct actions in the hippocampus and other
limbic system structures (Duman and Monteggia 2006). Fifth, this study was comprised only
of male subjects in order to minimize heterogeneity. Sixth, although we have statistically
controlled for depression symptoms, our small sample and the high comorbidity rates (Table
1) found in our study preclude us to completely rule out the influence of major depression
disorder in serum BDNF levels. On the other hand, the high comorbidity rates found in our
study are similar to those reported in general population (roughly 80%) (Kessler et al. 1995;
Creamer et al. 2001), a fact that enhances the generalizability of our results. Finally, pill count
is an imperfect measure of treatment adherence.

5. Conclusions

It appears that subjects with comparatively low serum BDNF levels during SSRI treatment
have the most to gain from a treatment that has putative neurotrophic effects. However, the
linkage of the mechanism of action of antidepressants with neurogenesis in hippocampus
remains controversial (Bachis et al. 2008). Apparently, the effects of antidepressants on BDNF
levels vary depending on the drug administered, and neurogenesis can be enhanced by other
paths besides increasing BDNF levels. Further, BDNF elicits opposite effects on mesolimbic
dopamine pathway and hippocampus, and although the mechanisms of action of
antidepressants in PTSD seem to be related to BDNF activity, it is unlikely to involve a simple
linear effect. InPTSD, there are a wide range of different pharmacological options, with limited
efficacy and evidence for choosing among the available medications for a given patient (Berger
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et al. 2009;Evans et al. 2006). Understanding the biological differences between patients who
will and will not respond to treatment can shorten patients’ suffering, help to elucidate the
biological mechanisms of available treatments (Bryant et al. 2008;Etkin et al. 2005), and reduce
costs to patients and governments. This study suggests that peripheral BDNF may be a
promising predictor of a positive treatment response to antidepressant medication. This will
need to be confirmed in larger controlled trials in both men and women. In addition, future
post-mortem studies with brains from controls and patients with PTSD (treated and untreated)
are necessary for a better understanding of the role of BDNF in different brain areas in the
pathogenesis and treatment of PTSD.
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Figure 1.

Relationship between PTSD symptoms response to escitalopram and mean BDNF levels.
Lower mean BDNF was associated with a greater decrease in PTSD symptoms (PCL) over the
course of 12-week open trial (p= 0.018).
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Table 1

Demographic characteristics and comorbidities.

Range  Mean (SD)

Age (years) 21-60  42.3 (14.50)
Education (years) 12-18 15.2 (2.22)
Duration of PTSD (years) 0.66-38 20.9 (13.68)
N (%)
Race
Caucasian 8 (50.00)
African American 6 (37.50)
Asian American 1(6.20)
Hispanic 1(6.20)

Marital status

Married/Living together 9 (56.20)
Divorced 4 (25.00)
Never married 3(18.70)

Military status

Veteran 12 (75.00)
Civilian 4 (25.00)
Trauma
Combat 9 (56.25)
Witness death 3(18.75)
Assault 2 (12.50)
Childhood physical/sexual abuse 1(6.25)
Witness domestic violence between parents 1(6.25)

Comorbidities

Current depression 8 (50.00)
Lifetime depression 5(31.25)
Lifetime alcohol abuse or dependence 10 (62.50)
Lifetime drug abuse or dependence 5(31.25)
other* 5 (31.25)

SD: Standard Deviation

*
Includes: Panic disorder, generalized anxiety disorder, social phobia, dysthymia, anxiety disorder not otherwise specified.
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