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ABSTRACT 

Brain plasticity has demonstrated to play a role in the pathophysiology of schizophrenia. 
Cognitive deterioration in these patients can be prevented by ensuring the adequate 
functioning of signaling pathways associated with brain plasticity. As BDNF exerts its action 
through receptors, in this study, we hypothesized that levels of some BDNF receptors 
during a first episode of psychosis (FEP) would correlate with the cognitive and global 
functioning of patients in the long term. We also hypothesized that the improvement 
of the ratio of full-length (TrKB-FL) and truncated (TrKB-T) TrKB receptors, and the 
predominance of the full-length isoform would be associated with better cognition and 
functioning.

Peripheral levels of full-length (TrKB-FL) and truncated (TrKB-T) TrKB receptors were assessed 
in a sample of 97 FEP patients and 97 matched healthy controls. TrKB-FL/TrKB-T ratio 
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receptors and cognitive function in patients with 
psychosis. Thus, we hypothesized that the levels 
of some BDNF receptors during a first episode 
of psychosis (FEP) would correlate with the 
cognitive and global functioning of patients in 
the long term. We also hypothesized that the 
improvement of the ratio of full-length (TrKB-
FL) and truncated (TrKB-T) TrKB receptors 
and predominance of the full-length isoform 
would be associated with better cognition and 
functioning.

The objective of this study was to determine 
whether the expression and evolution of 
some BDNF receptors are associated with the 
cognitive and global functioning of FEP patients 
in the long term (2 years). We also hypothesized 
that the improvement of the ratio of full-
length (TrKB-FL) and truncated (TrKB-T) 
TrKB receptors and predominance of the full-
length isoform would be associated with better 
cognition and functioning

Material and Methods

This study was performed within the framework 
of the longitudinal multicenter Flamm-PEPs 
study, which protocol has been described 
elsewhere [14]. The Flamm-PEPs study included 
117 patients (aged between 9-35 years) with 
a FEP, and 106 age- and sex-matched healthy 
controls. The inclusion criteria for the group of 
patients were: 1) positive psychotic symptoms 
for less than 12 months, 2) Age of 9-35 at disease 
onset, 3) speaking Spanish fluently, and 4) giving 
written informed consent. Psychotic symptoms 
were assessed by the Positive and Negative 
Symptoms Scale (PANSS)[15]. Exclusion 
criteria for patients were: 1) mental retardation 
according to DSM-IV criteria, 2) history of 

Introduction

Schizophrenia has multiple etiologies. In 
most cases, its physiopathology is related to 
neurodevelopmental disorders [1]. Patients 
generally show some degree of cognitive 
impairment before and after the onset of the 
disease. One of the main hypotheses about 
the etiology of schizophrenia considers that it 
is related to alterations in brain plasticity [2]. 
Brain plasticity is provided by neurotrophic 
agents, being the Brain Derived Neurotrophic 
Factor (BDNF) the most widely studied agent in 
patients with psychosis [2–4]. 

The cognitive function of patients with 
psychosis is impaired due to neurotrophic 
repair system dysfunction [5]. A recent study 
revealed that patients’ functioning and response 
to antipsychotic therapy are directly related to 
appropriate BDNF signaling [6]. In addition 
some meta-analyses demonstrate the role of 
BDNF in schizophrenia [3,7]. Conversely, its 
role in cognition is more controversial. While 
some studies report an association of BDNF 
with planning ability [8], reasoning and problem 
solving [9], no association was found in other 
studies [10]. BDNF binds, among others, to two 
types of cell surface receptors: a totally functional 
form (TrKB-FL) and a truncated nonfunctional 
form (TrkB-T) that impairs the repair function 
of BDNF by competing for binding to TrKB-
FL [11]. These receptors have been shown to 
play a crucial role in cognitive performance in 
rat models of schizophrenia [12] and Alzheimer’s 
disease[13]. Specifically, when BDNF/TrkB 
agonist was given to rats, their cognitive 
impairment improved. Nevertheless, to our 
knowledge, no studies have been performed 
to assess the relationship between BDNF 

(hereinafter, FL/T) was calculated for each patient. Cognitive and global functioning was 
measured at inclusion and at two years.

A high baseline FL/T ratio was found to be related to a better cognitive function (global 
cognition, verbal memory, working memory and premorbid IQ). Cognitive performance 
at disease onset and at two years improved when the levels of the ratio were higher 
than one, with functional BDNF receptor (TrKB-FL) exceeding the value of the truncated 
isoform (TrKB-T). 

In addition the increase in the FL/T ratio during the two years of follow-up had positive effects 
on global functioning. This may be due either to a reduction in TrKB-T or to an increase in 
TrKB-FL, or both. In conclusion FL / T ratio was related to general functioning and cognition 
in the long-term.
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head trauma with loss of consciousness, and 
3) systemic disease with mental repercussions. 
Inclusion criteria for healthy controls were: 1) 
no past or current psychiatric disorder (DSM-
IV criteria), 2) speaking fluent Spanish, and 
3) giving written informed consent. Exclusion 
criteria for healthy controls were the same as 
for patients plus a history of psychotic episodes 
in first-degree relatives. No participants had 
fever or any allergies, ongoing infections, 
or other serious physical conditions. No 
participants had received immunosuppressive 
drugs or vaccines in the last six months or 
anti-inflammatory drugs at least two days 
before blood sampling. In this sub study, 
we only included the 97 patients for whom 
baseline blood samples were available and who 
underwent neuropsychological assessment at 
baseline and at two years of follow-up. We 
also included 89 healthy controls, 55 of whom 
completed follow-up. As the sample of interest 
was the group of patients, the evolution of 
controls was not analyzed and their data were 
not included in longitudinal analyses. The 
study protocol was approved by the Ethics 
Committees of the six participating hospitals. 
Informed consent was obtained from all 
participants.

�� Data Collection

After overnight fasting, venous blood was collected 
between 8 a.m. and 10 a.m. Blood collection and 
processing methods used in the Flamm-PEPs 
study are detailed at www.cibersam.es and have 
been described elsewhere[14]. Briefly, blood 
tubes were centrifuged (641g x 10 min, 4°C) for 
plasma extraction. Plasma was stored at -80°C. 
The remaining sample was diluted 1:2 in culture 
medium (Roswell Park Memorial Institute 
RPMI 1640, Invitrogen). A gradient with 
Ficoll-Paque was used to isolate mononuclear 
cells by centrifugation (800 g × 40 min, room 
temperature). PBMC layer was aspired and 
resuspended in RPMI and centrifuged (1116 g 
× 10 min, room temperature). The supernatant 
was removed and the mononuclear cell-enriched 
pellet was manually resuspended in RPMI and 
stored at ‑80°C.

BDNF expression levels in plasma were 
determined by enzymatic testing (Ray Biotech). 
Plasma BDNF levels reflect BDNF expression 
in the brain both in animal models and humans 
[16,17]. Full-length (TrKB-FL) and truncated 
(TrKB-T) receptor expression was determined 
in peripheral blood mononuclear cells (PBMCs) 

by Western-Blot analysis. The relative expression 
of the two receptors was calculated as the TrKB-
FL/TrkB-T ratio (hereinafter, FL/T ratio). 
Data of the FL/T ratio in this sample have been 
published previously [6]. 

Cognitive function was assessed in patients 
at baseline and at two years after disease onset 
by evaluating the following domains: speed of 
processing, attention, verbal memory, working 
memory, executive function and estimated 
premorbid intelligence coefficient (Figure 1). 
Cognitive Global Index (CGI) was calculated 
by averaging the scores on cognitive domains, 
except for estimated premorbid IQ, which was 
used as an adjustment variable in statistical 
analyses. Tests were administered by experienced 
psychologists by order of difficulty from least to 
most difficult to reduce the effect of fatigue and 
facilitate participant’s cooperation. Inter-rater 
reliability between two of the tests proved to be 
good to excellent (ICC >0.80). The two tests 
included the WAIS vocabulary subtest and the 
WCST, in which the final score may partially 
depend on the judgement of the rater. Finally, 
global functioning was evaluated using the GAF 
scale [18].

�� Statistical analysis

Multiple linear regressions were used to analyze 
the relationship between BDNF receptor 
expression, cognitive performance and global 
functioning. Regressions were adjusted for 
potential confounding variables such as gender, 
age, civil status, education, socioeconomic level, 
body mass index, antipsychotic treatment, 
diagnosis, tobacco, alcohol or other drugs. The 
final model was selected by a backwards stepwise 
procedure. Only the variables that caused a 
significant change in the regression coefficient 
for the independent variable or those found to be 
significant were maintained in the model. Finally, 
interactions were determined. Once the final 
model had been constructed, adjustment and 
normality of residuals were tested to determine 
the reliability of the model. In the case of the 
FL/T ratio, we used the quantitative variable for 
preliminary analysis and its qualitative form in 
order to explore the influence of the proportion 
of each receptor, taking 1 as threshold value. 
Regression data are expressed as β-coefficients 
and p-values. In the presence of significant 
interactions, stratified effect size (95% CI) on the 
dependent variable was calculated for different 
values of the independent variable (3rd, 25th, 50th, 
75th and 97th percentiles).
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The association between shifts in BDNF 
receptor expression and cognitive and functional 
performance at two years was assessed by repeated 
measures ANOVA.

Changes in cognitive domains from baseline to 
2 years were evaluated by Student’s t-test for 
repeated measures.

Statistical analysis was performed using the Stata 
12.1 software package. A p<0.05 was considered 
statistically significant.

Results

Table 1 summarizes scores on the different 
cognitive domains evaluated both at baseline 
and at two years of follow-up. Data are presented 
as means and standard deviations. All values are 
Z scores except for premorbid IQs, which are 
presented as scalar scores.

In this sample of patients, plasma BDNF 
levels were not significantly related to cognitive 
performance. A high baseline FL/T ratio correlated 
with a better baseline cognitive function, as assessed 
by the cognitive global index (β=20.916, p=0.015) 
in FEP patients. No associations were observed in 
healthy controls (β=3.58, p=0.278).

The patients who experienced an increase in the 
FL/T ratio six months after FEP showed a better 
global functioning in the long term (as assessed 
by the GAF scale), as compared to patients who 
experienced a decrease in the FL/T ratio (F= 
213.90, p<0.001) (Figure 2).

As to specific cognitive domains, verbal memory 
was also related to a higher FL/T ratio (β=0.885, 
p=0.018). Interaction between FL/T ratio and 
educational level was significantly related to 
baseline IQ and working memory (β= -36.047, 
p= 0.003 and β= -1.523, p= 0.036 respectively). 

Figure 1: Tests included in each cognitive domain.
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Thus, in patients with a low to medium FL/T 
ratio, a higher educational level was significantly 
associated with a better baseline working memory 
and IQ (Table 2).

In light of the interaction observed between 
baseline FL/T and educational level, we 
investigated the impact of educational level 
on the cognitive function of FEP patients as 
a post-hoc result. After adjusting for IQ, we 
observed that completion of secondary or higher 
education studies was significantly associated 
with a faster speed of processing (β=0.483, 
p=0.030 and β=0.592, p=0.034). Furthermore, 
higher education was correlated with a better 
working memory (β=0.619, p=0.008).

As it occurred with baseline cognition, a higher 
FL/T ratio significantly correlated with a better 
overall cognitive function (β=70.769, p=0.003) 
and verbal memory (β=0.830, p=0.011) two 
years after the FEP.

No significant correlation was found between 
shifts in the FL/T ratio (as continuous variable) 
and cognitive performance. Nevertheless, when 
TrKB-FL/ TrKB-T ratio was higher than> 
1 (as a qualitative variable when BDNF full-
length receptor levels exceed those of truncated 
receptors), cognition was better both at baseline 
(IQ: β=10.266, p=0.002; Processing speed: 
β=0.502, p= 0.029; CGI: β=18.339, p=0.006) 
and at two years (Verbal memory: β=0.620, 

Figure 2: Evolution of functioning with respect to shifts in the BDNF receptor FL/T ratio. 

Table 1: Scores on cognitive domains at disease onset and at 2 years.
Patients Controls
Baseline Two-year follow-up Statistic Baseline Two-year follow-up Statistic

Premorbid IQ  95.54 (14.63)  98.39 (14.43) t=-2.029, p= 0.047 108.14 (11.23) 111.00 (11.11) t=-1.123, p=0.266
Processing speed -0.74 (0.93) -0.45 (0.87) t=-3.129, p= 0.003 0.31 (0.76) 0.39 (0.66) t=-0.432, p=0.667
Attention  0.50 (0.73)  0.16 (0.84) t=3.423, p= 0.001 -0.09 (0.83) -0.17 (0.75) t=-0.265, p= 0.792
Verbal memory -0.95 (1.14) -0.43 (0.99) t=-3.994, p<0.001 0.05 (0.72) 0.42 (0.54) t=-4.342, p<0.001
Working memory -0.63 (0.72) -0.54 (0.87) t=-1.144, p= 0.257 0.08 (0.87) 0.20 (0.91) t=-0.817, p= 0.417
Executive function -0.43 (0.51) -0.24 (0.76) t=-1.055, p= 0.314 0.03 (0.28) 0.13 (0.34) t= -0.483, p= 0.637
Cognitive global index -2.21 (2.61) -1.38 (2.65) t=-0.818, p= 0.431 0.19 (0.37) 0.25 (0.26) t= -1.285, p= 0.221
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p=0.020; CGI: β=28.488, p=0.004). This effect 
can be due both to an increase of TrKB-FL or a 
decrease of TrKB-T, or both. 

Discussion

Appropriate levels of neurotrophins –and their 
specific receptors– are required for adequate 
neuronal response and survival. The results of 
this study reveal that cognitive performance 
improves when BDNF full-length receptor 
levels exceed those of truncated receptors. This 
finding supports our hypothesis that the role of 
neurotrophin receptors is more relevant than 
that of neurotrophins themselves. Neurotrophin 
receptors help neurotrophins modulate 
brain plasticity, which is related to cognitive 
performance. The increase of this index (FL/T 
ratio) in the first six months of treatment after 
a first psychotic episode is also associated with 
better functioning. When the FL/T ratio increases 
over time global functioning improves. Yet, to 
improve the cognitive performance of the patient, 
it is necessary that the expression of the functional 
receptor is greater than the expression of the 
truncated receptor. This may be due to the fact that 
cognitive processes generate free radicals, which 
requires a more effective repair system.

Increased TrkB-FL levels in the long term with 
respect to the truncated form may be an adaptive 
response to cellular damage at disease onset. In a 
previous study, we observed that BDNF receptor 
expression at disease onset is related to patient’s 
response to treatment [6]. The reason why 
BDNF is not a reliable biomarker for cognition 
may be that it dilutes in plasma. Also, there is 
evidence that the role of BDNF as a marker of 
response to cognitive remediation in patients 
with schizophrenia depends on polymorphisms 
of the BDNF gene [19]. 

Inconsistent data have been published on 
peripheral BDNF levels in patients with 
schizophrenia [7,20,21] or a FEP[22,23].

Our results can be explained by several 
mechanisms. The truncated form of the TrKB 

(TrKB-T) receptor sequesters BDNF, competes 
with TrKB-FL, and uses a different signaling 
pathway [11]. In an in vitro study, Dorsey et al 
(2012) observed that synaptic function improves 
in the absence of TrKB-T [24]. This means that 
increased TrKB-T receptor levels impair synaptic 
function and inhibit the neurotrophic function 
of BDNF [25]. Indeed, BDNF overexpression 
prevents cognitive deterioration in adolescent 
cannabis users [26]. Moreover, BDNF-mediated 
cellular survival has been reported to decrease 
when TrKB-T is overexpressed in an animal 
model of Down’s syndrome [27].

Our study revealed that a higher educational level 
is related to better cognitive performance after a 
FEP [28]. Other studies in elderly population 
have documented that a high education level has 
as protective effect against cognitive impairment 
[29]. Additionally, higher education has been 
proven to be a predictor of global functioning and 
quality of life in patients with schizophrenia [30].

Negative results have been obtained in 
intervention studies where BDNF was 
administered to animals. These results may 
be due to difficulties in the administration of 
BDNF to animals. Also, its pharmacokinetics 
is unknown [31], as neurotrophins are large 
proteins with a poor penetration into tissue 
that cannot enter the blood-brain barrier. 
TrKB receptor activation is known to have 
neuroprotective effects [32]. Furthermore, there 
is evidence that TrKB receptors can be activated 
using low-molecular-weight molecules such 
as adenoside/adenosine agonists in neuronal 
populations with TrkB and adenosine receptor 
expression [33]. Glucocorticoids have also been 
shown to promote TrKB activation –especially 
in neurogenic CNS regions–, with no increase 
in BDNF expression in vitro and in vivo in 
animals [34]. Studies are warranted in the future 
to determine whether the TrkB receptor that 
activates in the absence of BDNF is TrKB-FL 
or TrKB-T. 

Dorsey et al reversed neuronal death by restoring 
TrKB-FL expression in experimental animals 

Table 2: Effect size of baseline FL/T on baseline cognitive function by educational level.
Baseline IQ Baseline working memory

Percentiles (FL/T ratio 
value)

Medium level
Effect size (CI)

High Level
Effect size (CI)

Medium level
Effect size (CI)

High Level
Effect size (CI)

P3 (0.18) 27.87 (10.75, 45) 41.38 (22.73, 60.03) 0.70 (-0.254, 1.654) 1.84 (0.814, 2.866)
P25 (0.67) 13.27 (4.32, 22.22) 23.72 (13.73, 33.71) 0.38 (-0.156, 0.916) 1.20 (0.606, 1.794)
P50 (0.90) 6.41 (-1.19, 14.02) 15.43 (6.65, 24.21) 0.20 (-0.261, 0.661) 0.85 (0.316, 1.384)
P75 (1.11) 0.15 (-8.84, 9.14) 7.86 (-2.56, 18.28) 0.04 (-0.516, 0.596) 0.53 (-0.117, 1.177)
P97 (1.96) -25.18 (-49.62, -0.74) -22.78 (-50.08, 4.52) -0.60 (-2.106, 0.906) -0.75 (-2.426, 0.926)
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[35]. Thus, TrKB-FL could be the mediating 
factor that explains that overall and cognitive 
functioning improves when TrKB-FL and 
TrKB-T ratio is adequate. Levels of BDNF 
receptor isoforms in areas related to cognition –
such as the hippocampus– have been associated 
with cognitive decline in aged rats [36]. 
According to Dorsey, TrKB-T overexpression 
with respect to TrKB-FL is a disruptor of the 
BDNF signaling pathway. 

Under normal conditions, TrKB-T expresses in 
the presence of exogenous BDNF to metabolize 
FL-BDNF complexes and regulate TrKB-FL 
activity [37]. In patients with schizophrenia, 
the BDNF signaling pathway may be altered 
from the first psychotic episode. According to 
Dorsey, TrKB-T overexpression with respect to 
TrKB-FL is a disruptor of the BDNF signaling 
pathway. Further studies based on the synthesis 
of these receptors (mRNA, PCR) are needed to 
determine changes in FL/T receptor expression.

A limitation of the study concerns evidence that 
BDNF serum levels and TrK-B receptors are 
related to traumatic experiences [38,39] and 
this factor has not been taken into account in 
this research. Furthermore, we have focused 
on one of the receptors of BDNF. The other 
receptor, p75, has not been measured in this 
study. Another limitation is that although the 
truncated form is considered nonfunctional in 
CNS, it inhibits p75 mediated neuronal death 
induced by BDNF.

The strengths of the study include that a highly 
homogeneous sample in terms of age, duration of 

illness, and pharmacological treatment. Strength 
is long-term follow-up.

In conclusion, levels of BDNF receptors during 
first episode psychosis and at two years are related 
to cognitive and overall functioning. Further 
research is warranted to explore if cognitive 
and functional deterioration in patients with 
psychosis can be prevented by an intervention 
on the BDNF signaling pathway. 
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