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     Abstract  

 

The main aim of this study is to evaluate the impact of functional remediation (FR) in serum 

brain derived neurotrophic factor (BDNF) levels in euthymic adult patients with Bipolar 

Disorder (BD). A total of 128 participants were recruited at the Hospital Clinic of Barcelona. 

They were assessed at baseline and at the end of follow-up by the means of Hamilton 

Depression Scale (HAM-D), Young Mania Rating Scale (YMRS) and Functioning Assessment 

Short Test (FAST), as well as a clinical structured interview to collect clinical and demographic 

variables of interest. Blood samples were also collected to assess BDNF levels. After baseline 

assessment, patients received FR, Psychoeducation or treatment as usual (TAU). 

One hundred and two out of 126 participants finished the study distributed as follows: FR 

group (n=39); Psychoeducation group (n=47) and TAU group (n=16). Longitudinal repeated-

measures analyses addressing the treatment effect on BDNF levels showed non-significant 

differences between the three groups (Pillai’s trace = 0.06; F(2,97)=0.28;  p=0.75), suggesting no 

interaction between treatment allocation and time on BDNF levels. The results of this study 

suggest that FR has no effect on peripheral BDNF levels in euthymic patients with BD, despite 

the improvement in psychosocial functioning.  
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1.- Introduction 

Bipolar disorder (BD) is a recurrent chronic mood disorder characterized by episodes of 

hypomania/mania and depression. It affects more than 1% of the world’s population and 

together with other mental illnesses represents one of the main growing causes of chronicity 

and disability among young people leading to a rise in mortality rates, particularly death by 

suicide (Grande et al., 2016; Murray et al., 2012; Vieta et al., 2018a). Pharmacological 

treatment reduces symptoms, prevents further relapses and recurrences, but it is still not 

enough to recover patients from functional impairment (Vieta et al., 2013). FR is a novel 

therapy with proven effectiveness at improving psychosocial functioning in euthymic patients 

with BD. It is an intervention based on the training of neuropsychological skills (including 

attention, memory and executive functions) and the application of ecological exercises to 

improve real life functioning (Bonnin et al., 2016; Torrent et al., 2013); however, the biological 

correlates of this intervention (if any)  remains still unknown.  

The discovery of biomarkers in medicine has opened new horizons to the study of several 

illnesses, including mental disorders. It has been found decreased levels of BDNF in patients 

with BD during acute episodes when compared to controls (de Oliveira et al., 2009; 

Tramontina et al., 2007); however, BDNF levels do not differ from healthy controls during 

euthymia (Cunha et al., 2006). In this line, a systematic review and meta-analysis, which 

included a total of 1113 patients with BD, found that the peripheral BDNF levels were reduced 

both in the manic and depressive episodes but presented normal levels in euthymia and there 

was an increase of BDNF levels following treatment for acute mania (Fernandes et al., 2011).  

Moreover BDNF is one of the mediators explaining the concept of allostatic load (AL). This 

concept helps to explain the vulnerability to stress, cognitive impairment and physical 

comorbidity found in patients with BD (Kapczinski et al., 2008).  Since BDNF is a protein 

involved in neuroplasticity and neurogenesis, it has been hypothesized that BDNF together 

with other neurotrophines could be involved in some structural changes described in BD, 

involving the amygdala, hippocampus and prefrontal cortex (Vieta et al., 2013). In this regard, 

understanding the variations of BDNF levels and other neurotrophines during  mood episodes 

or after receiving any pharmacological treatment could shed some light to validate the concept 

of AL.  In this sense, at least two studies have reported an increase of BDNF levels in lithium 

responders compared to non-responders (de Sousa et al., 2011; Rybakowski, 2014). Other 

drugs such as ketamine (Grunebaum et al., 2017; Rybakowski et al., 2013) and other mood 

stabilizers including valproate (Chen et al., 2014) have also been  found to increase BDNF levels, 

although not all the studies find significant changes (Cevher Binici et al., 2016). 



4 
 

When it comes to psychological treatments, literature is even scarcer, at least in the BD field.  

To the best of our knowledge, only one study has evaluated the changes in neurotrophines 

after a psychological treatment in patients with BD. Specifically, the authors found a significant 

increase of the Glial cell-derived neurotrophic factor (GDNF) between baseline and post 

combined psychoeducation (Wiener et al., 2017). There is also another ongoing study aiming 

at evaluate changes in BDNF after a mindfulness-based cognitive therapy vs. psychoeducation 

in a sample of patients with BD, but so far, no results are available (Lahera et al., 2014). In  

unipolar depression, another study  (da Silva et al., 2018) also failed to find significant changes 

in neurotrophic factors (BDNF, beta-nerve growth factor, beta NGF and GDNF) in patients who 

received 16 sessions of CBT.  Finally, in schizophrenia, Penadés  and colleagues (Penadés et al., 

2017) found that patients with Val66Met polymorphism, showed increased levels of BDNF in 

Val carriers after receiving cognitive remediation.  

These findings reveal the need to analyze the possible existence of neuroprotective effects 

from certain psychological interventions used in the treatment of psychiatric diseases, 

including BD. The inclusion of biomarkers before and after a therapy intervention could help 

clinicians decide the best option treatment. In this line, research findings suggest that 

psychological interventions have measurable effects on the brain in addition to their 

“psychological impact” (Gabbard, 2000). Hence, the aim of this study was to evaluate BDNF 

changes after FR treatment when compared to psychoeducation and the Treatment as usual 

(TAU) group in euthymic patients. Because BDNF has a high expression in the brain areas 

involved in the regulation of cognition and emotion (Gorski et al., 2003) and FR is a therapy 

focused on the training of neurocognitive skills (Martínez-Arán et al., 2011), it is likely that 

BDNF levels improve in those patients who receive FR. Hence, we hypothesized that those 

patients in the FR group would increase BDNF serum levels after treatment when compared to 

psychoeducation or TAU.  As secondary objectives, we assessed changes in mood symptoms 

and psychosocial functioning after FR versus the other interventions. Finally, as a tertiary 

objective, neurocognitive performance along follow-up was also investigated.  

2.- Experimental procedures 

2.1.- Design 

This is a 6-months follow-up study to test the impact of FR as an add-on treatment to 

medication for patients with BD by assessing the differences in serum BDNF levels when 

compared to Psychoeducation and TAU group. It is a naturalistic cohort study, since patients 

were allocated in each group following clinical decision. 
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2.2.- Participants 

Participants in this study were recruited at the Barcelona Bipolar Disorders Program at the 

Hospital Clínic (University of Barcelona). It is a University based program providing integrated 

care for difficult-to-treat patients with BD from across Catalonia, as well as care to patients 

with BD from a specific catchment area in Barcelona (Vieta, 2011). The patients fulfilled the 

following inclusion criteria: a) diagnosed with BD according to DSM-5 criteria (American 

Psychiatric Association, 2013) b) assessed during euthymia, defined as Young Mania Rating 

Scale (YMRS) score < 6 (Colom et al., 2002; Young et al., 1978) and Hamilton Depression Rating 

Scale-17 (HAM-D) score < 8 (Cordero Villafáfila and Ramos-Brieva; HAMILTON, 1960) c) aged 

between 18 and 65 years old. Exclusion criteria were: a) current diagnosis of substance abuse 

or dependence; b) history of mental retardation or any clinical condition that could interfere in 

the interview.  

This study was conducted in accordance with the ethical principles of the Declaration of 

Helsinki and Good Clinical Practice. The study protocol was approved by the ethics committee 

of the Hospital Clinic. All participants received extensive information on the study and 

provided written informed consent prior the inclusion. 

2.3.- Clinical assessments 

After providing written informed consent, all participants went through a structured clinical 

interview of the Program’s protocol based on the SCID for DSM-5 (American Psychiatric 

Association, 2013).  Variables such as age, gender, diagnosis, the number and the type of 

episodes, chronicity (illness duration in years), number of hospitalizations, and history of 

psychosis were collected. All the information provided by the patients was verified by 

reviewing the clinical history of each patient. 

After collecting the data, patients were assessed with several clinical scales: first, the HAM-D 

and the YMRS were administered to ensure that patients met criteria for euthymia at the time 

of study enrollment. Psychosocial functioning was assessed by means of the Functioning 

Assessment Short Test (FAST) (Rosa et al., 2007) an interviewer-administered instrument 

developed to assess the main difficulties in daily life of patients with BD. The global score is the 

addition of all the items of the scale. The FAST total score can range from 0 to 72 and higher 

scores indicate greater disability.  

BDNF serum levels assessment 
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Ten milliliter samples of venous blood were collected into anticoagulant-free vacuum tubes. 

Blood samples were taken in the morning between 9.00 and 11.00 am; patients were not 

required to be fasted before blood drawing. Blood was then centrifuged at 4000 g for 10 

minutes and serum was separated and stored at − 80 °C. Serum BDNF levels were measured by 

sandwich enzyme-linked immunosorbent assay (ELISA) in accordance with the manufacturer’s 

instructions (R&D Systems, USA - Catalogue No. DBD00).  

Microtiter plates (96-well flat-bottom) pre-coated with monoclonal antibody specific for 

human free BDNF were incubated for 2 hours at room temperature with the samples and 

standard curve ranging from 62.5 to 2000 pg/mL of BDNF. Plates were then washed three 

times with wash buffer and Human Free BDNF Conjugate was added to all and incubated for 1 

hour at room temperature. After washing, incubation with substrate solution for 30 minutes at 

room temperature was carried out and after this time stop solution was added and the 

amount of BDNF was determined (absorbance set at 450 nm). The standard curve shows a 

direct relation between optical density and BDNF concentration. In addition, intra-assay and 

inter-assay coefficients of variation are +3.8% and +11.3%, respectively. Tests were performed 

in duplicate and the investigator was blinded to the group allocation during the experiment. 

 

2.4.- Neuropsychological assessment 

Patients receiving either TAU or FR were assessed using a comprehensive neuropsychological 

battery at baseline and at 6-months follow-up. This assessment involved different 

neurocognitive domains which are described as follows: 

1) Estimated IQ was evaluated with the Wechsler Adult Intelligence Scale (WAIS-III) 

(Wechsler, 1997), vocabulary subtest. This measure was evaluated only at  baseline). 

2) The Processing Speed domain consisted of two subtest of the WAIS-III (Wechsler, 

1997): the digit-symbol coding and the symbol search. 

3) The Working Memory domain comprised the arithmetic, digits, and letter-number 

sequencing of the WAIS-III) (Wechsler, 1997). 

4) The verbal memory domain consisted of the California Verbal learning Test (CVLT) 

(Delis et al.,  1987). 

5) Executive functions were tested by several test assessing set shifting, planning, verbal 

fluencies,  and response inhibition, namely  the computerized version of the Wisconsin 

Card Sorting test (Heaton, 1981), the Stroop Color-Word Interference Test (SCWT) 

(Golden, 1978), the Trail Making Test –part B (TMT-B) (Reitan, 1958), phonemic 
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fluency (F-A-S) and categorical fluency (animal naming), both components of the 

Controlled Oral Word Association Test (COWAT) (Benton and Hamsher, 1976). 

6) Attention was measured with the Continuous Performance Test-II (CPT-II), version 5 

(Conners, 2000) and with the Trail Making Test –part A (TMT-A) (Reitan, 1958) 

 

2.5.- Interventions 

The FR program consists of 21 weekly sessions, each lasting 90 minutes. This intervention 

addresses neurocognitive issues such as attention, memory and executive functions; however 

it focuses even more on enhancing daily routine functioning. The content of the intervention is 

based on ecological tasks to be performed in the clinic as well as at home. Participants receive 

training with exercises for memory, attention, problem-solving and reasoning, multitasking 

and organization to improve their functional outcome. A manual of this intervention has been 

published (Vieta et al., 2014). The psychoeducation group also consisted of 21 weekly sessions 

of 90 minutes each, aimed at preventing recurrences of BD illness by improving five main 

issues: illness awareness, treatment adherence, early detection of prodromal symptoms of 

relapse, substance use avoidance, and lifestyle regularity (Colom and Vieta, 2006). In the TAU 

group, participants received prescribed pharmacological treatment without any adjunctive 

psychosocial therapy.  

2.6.- Statistical analyses 

Demographic and clinical features at baseline and at follow-up were analyzed using ANOVA for 

continuous variables and chi square for categorical variables.  These analyses were performed 

using the Statistical Package for Social Sciences version 20.0 (SPSS, Chicago, IL). 

In order to test the main hypothesis, group x time effects overall BDNF levels were analyzed 

using repeated measures ANOVA comparing group differences at baseline and at six-months 

follow-up (after the intervention). This analysis only takes into account completed cases; 

consequently missing values due to of loss to follow-up were not included in the present 

analysis.  

The second and third hypotheses regarding mood (HAM-D and YMRS), psychosocial 

functioning (FAST) and neuropsychological changes were also tested with the same analysis 

used for the main hypothesis. However, to assess the changes in neuropsychological 

performance, five different cognitive composites scores were created according to the 
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cognitive domains assessed.  First, all neurocognitive variables were standardized to z-scale 

scores. Then, the variables were grouped according to the neurocognitive domain assessed. In 

total, five composite scores were obtained: (1) the Processing Speed domain consisted of two 

variables derived from the two subtest of the WAIS-III (digit-symbol coding and symbol search); 

(2) the Working Memory domain consisted of three variables derived from the three subscales 

of the WAIS-III (arithmetic, digits and letter-number sequencing); (3) verbal memory 

composite domain consisted of five variables: the total trials 1-5 list A, short-delay free recall, 

short-delay cued recall, long-delay free recall and long-delay cued recall; (4) the executive 

functions composite score consisted of six variables: categories and  perseverative errors of 

the WCST, SCWT interference, animal naming, phonemic fluency and TMT-B; (5) the attention 

composite score consisted of four variables: CPT-II omission errors, CPT-II commission errors, 

CPT detectability (d’) and TMT-A. 

All analyses in this study were two-tailed with alpha set at p<0.05 and were performed with 

the Statistical Package for Social Sciences version 20.0.  

3.- Results 

Demographic and clinical features 

A total of 128 patients were recruited for this study. The distribution was made as follows: FR, 

n=46; Psychoeducation, n=53; TAU, n= 29. After 6-months follow-up, a total of 102 patients 

were re-assessed (FR, n=39; Psychoeducation, n=47; TAU, n=16).  Table 1 shows the data for 

patients who finished follow-up.  As shown in the table, the three patient groups differed in 

some clinical and demographic variables at baseline. Patients in the FR group were older 

(F(2,98)=25.6; p<0.001), presented higher scores in the HAM-D (F(2,99)=1.3; p<0.001) and showed 

greater  baseline functional impairment (F(2,99)=1.2; p<0.001)  when compared to the remaining 

groups.  

At baseline, participants in the three groups were equivalent in terms of educational level, but 

estimated IQ was significantly higher in the TAU group when compared to the 

psychoeducation group (F(2,99)=1.2; p<0.001). In terms of gender, diagnosis and lifetime 

psychotic symptoms patients were equally distributed across groups. Further details are 

shown in table 1.  

    <<Table 1 about here>> 

Longitudinal changes in BDNF 
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Longitudinal repeated-measures analyses addressing the effect of the treatment on BDNF 

levels showed non-significant differences between the three groups (Pillai’s trace = 0.06; 

F(2,97)=0.28;  p=0.75), suggesting no interaction between treatment allocation and time (from 

baseline to 6-months follow-up) on BDNF levels. As shown in Figure 1, patients allocated in the 

FR group did not differ significantly from patients allocated in the remaining groups.  

<< Figure 1 about here>> 

Since baseline differences were detected in some variables, including subdepressive symptoms 

(HAM-D total score), psychosocial functioning (FAST total score) age and chronicity, we 

controlled for their potential confounding effects. Hence, four additional repeated-measures 

ANCOVA were performed in order to study the effect of these three variables on BDNF levels.  

According to the analyses, there was no significant interaction between time x subdepressive 

symptoms (Pillai’s trace= 0.028; F(1,93)=2.65; p=0.10) and the interaction between treatment 

allocation and time remained non-significant (Pillai’s trace= 0.024; F(2,93)=1.15; P=0.32).  

Regarding the effect of baseline psychosocial functioning, a significant interaction between 

time and baseline FAST total score (Pillai’s trace= 0.04; F(1,96)=4.3; p=0.04) was found, but there 

was no significant interaction between  time x group treatment allocation (Pillai’s trace= 0.03; 

F(2,96)=1.65; p=0.19). Finally, no significant effect of age was detected on BDNF levels neither on 

time (Pillai’s trace=0.007; F(1,94)=0.70; p=0.40) or treatment allocation (Pillai’s trace=0.012; 

F(2,94)=0.55; p=0.57). Chronicity (illness duration in years) did not affect either the BDNF levels 

and no significant effects were found after controlling for this confounding variable (Pillai’s 

trace=0.012; F(1,87)=0.50; p=0.60). 

Longitudinal changes in FAST total scores 

Regarding the changes in the FAST scale, a significant interaction between treatment and time 

was found (Pillai’s trace = 0.082; F(2,88)=3.81; p=0.026). When Tukey post hoc tests were 

performed, it was found that FR differed significantly from treatment as usual (p=0.039), but 

fell short of significance when compared with psychoeducation (p=0.94).  

<<Figure 2 about here>> 

 

Longitudinal changes in mood 

Concerning longitudinal changes in mood, both depressive and manic symptoms, no significant 

interaction was found between treatment allocation and time on HAM-D total (Pillai’s 
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trace=0.071; F(2,70)=2.67; p=0.074) score or on YMRS total score (Pillai’s trace= 0.074; 

(F(2,69)=2.75; p=0.071). Table 2 summarizes the mean and standard deviations for the three 

groups in the main and secondary variables of the study. 

    << Table 2 about here >> 

Longitudinal changes in neuropsychological variables 

Finally, when examining neurocognitive performance at follow-up, no significant interaction 

between treatment allocation x time were found in any of the composite cognitive domains 

assessed. See table 3 for further details.  

 

     << Table 3 about here >> 

 

4.- Discussion 

To the best of our knowledge, this is the second study to investigate the effects of a 

psychological intervention on levels of peripheral BDNF compared with psychoeducation and 

TAU.  Contrary to our main hypothesis, we found no statistically significant difference in BDNF 

levels between the patients who received FR vs. the remaining groups.  

To date, there is only one published study assessing BDNF levels after another psychological 

intervention in BD. It is a randomized controlled trial assessing BDNF, GDNF and Nerve Growth 

Factor (NGF) serum levels after a brief psychoeducation intervention vs. treatment as usual 

(Wiener et al., 2017).  They did not find any significant changes on BDNF nor NGF levels post 

intervention in any of the groups. Only GDNF serum levels increased significantly from baseline 

to follow-up in patients allocated in the psychoeducation group. The authors concluded that 

psychoeducation as an add-on therapy was effective at increasing GDNF levels in a sample of 

young adults with BD. Wiener’s et al. study (Wiener et al., 2017) differs from our in some 

aspects: first, our study was not a randomized controlled trial; instead, we included a total of 

three arms of intervention and patients were allocated in each treatment arm according to 

clinical decision. Second, in Wiener’s study, euthymia was not an inclusion criterion and 

patients were subsyndromic at baseline, presenting scores in the HAM-D around 12 and a 

score around 7 in the YMRS. Third, our patients were older in the three groups, especially 

when compared to those in the FR group.  And finally, their psychological intervention was 
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shorter than ours. Despite these differences, our results converge when it comes to 

invariability of BDNF serum levels after a psychological intervention. 

There is another ongoing study in BD (Lahera et al., 2014) trying to find variations of BDNF 

levels associated to the different treatment arms (psychoeducation or mindfulness-based 

cognitive therapy) and its possible associations to neurospsychological variables. Nevertheless, 

no results have been published yet.  Another study including a sample of patients with 

unipolar depression assessed the changes of BDNF and GDNF levels and severity of depressive 

symptoms in patients diagnosed with unipolar depression undergoing cognitive-behavioral 

therapy. The authors did not found significant correlations between the neurothrophines and 

changes in severity of depressive symptoms (da Silva et al., 2018).  

In schizophrenia, two studies have evaluated the effect of a cognitive remediation therapy on 

BDNF serum levels. One found positive results (Vinogradov et al., 2009) while the other could 

not replicate the findings (Penadés et al., 2017). However, the latter study suggested that 

BDNF genetic variants could play a role in different response patterns of BDNF levels. They 

found that Val/Val carriers increased BDNF levels during a cognitive remediation, but not the 

Met carriers. Unfortunately, the present study did not assess these polymorphisms and we 

could not control for this variable.  In regards to the only positive study so far carried out in 

schizophrenia (Vinogradov et al., 2009), the authors found a significant increase in BDNF serum 

levels 10 weeks after treatment.  The intervention consisted of a computer training based on 

auditory and verbal processing. Aside from changes in BDNF, they also found a significant 

improvement in global cognition, however no correlation was found between increased BDNF 

and improved cognition. Thus, the significance of increased BDNF in relation to treatment 

success suggested that BDNF is not a biological correlate of cognitive improvement.  In this line, 

the biological correlates of FR (if any) still remain unknown and other mechanisms beyond 

BDNF signaling should be investigated in order to elucidate this issue. The exhaustive FR 

intervention (21-weeks long) failed to change BDNF levels despite having found a significant 

improvement in psychosocial functioning.  It is likely that FR alone is not enough to stimulate 

neurotrophic changes (in particular, BDNF) at least measured in serum levels. 

In this line, one pilot study  conducted in schizophrenia found that the combination of a 

program including physical exercise plus cognitive remediation could lead to an increase in 

BDNF serum levels (Nuechterlein et al., 2016)  and a recent review (Campos et al., 2017) 

suggested that aerobic exercise preceding cognitive remediation may create a state of 

neuroplastic readiness in the brain through BDNF upregulation, which could potentiate the 
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effectiveness of cognitive remediation. Therefore, it might be hypothesized that a combined 

program in BD including FR plus exercise could lead to increased neuroplasticity.  

The higher baseline scores on the FAST scale and chronicity found in the FR group are 

noteworthy, indicating a worse psychosocial outcome in this group compared with the other 

two. However, after controlling for these variables the results are not modified indicating a 

lack of association between chronicity (longer illness duration) and functional outcome with 

BDNF serum levels. This assumption is in line with a previous study that was conducted with 

patients who had suffered from BD for 23 years (in our FR group the mean chronicity is 21 

years) (Barbosa et al., 2013) although recent studies have suggested that neuroplasticity may 

be negatively affected due to neuroprogressive changes that occur during the course of BD 

(Berk et al., 2011).  In line with this, one study (Kauer-Sant’Anna et al., 2009) found an increase 

of BDNF levels in early stages of the illness, hence we cannot rule out a positive effect of the 

interventions in BDNF serum levels, if applied early after illness onset (Vieta et al., 2018b). 

Despite failing to improve BDNF levels, the present study corroborates the positive results 

found in the randomized controlled trial where the efficacy of FR was tested (Torrent et al., 

2013). In the original study, patients allocated in the FR group improved 6 points their total 

score in the FAST scale after treatment. In the present study, the mean increase was 5.7, 

similar to the first study. The significant difference in functioning as found when FR was 

compared to TAU but not when compared to the psychoeducation group, which is also in line 

with the study efficacy. 

Lastly, in line with previous literature, no significant changes in mood across treatment groups 

were found (Bonnin et al., 2016; Torrent et al., 2013), confirming no effect of FR or 

Psychoeducation on mood symptoms. Given that patients were euthymic when included in the 

study and remained stable, it is unlikely to find significant results regarding these variables.  As 

stated in a previous report (Fernandes et al., 2011) the lack of significant differences in 

euthymic patients with BD may further support the hypothesis that BDNF might be proposed 

as a state –rather than a trait marker for BD. Regarding neuropsychological performance, we 

did not find any significant changes in the group allocated in FR compared to TAU after 6-

months follow-up, which is in line with the original trial testing the efficacy of the intervention 

(Torrent et al., 2013). So far, one study, with longer follow-up, found significant improvement 

in verbal memory, suggesting that changes in neurocognition may occur with certain delay or 

as a result of an accumulative effect (Bonnin et al., 2016). This might explain that neither our 

study or other cross-sectional reports (Chou et al., 2012; Dias et al., 2009) found no association 
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between neurocognition and serum BDNF levels. Maybe more individualized interventions 

should be taken into account according to patients’ functioning profile (Solé et al., 2018). 

This study has several limitations. First, the small sample size of the groups may limit the 

detection of differences in BDNF outcomes, and a type II error (false negative) cannot be 

completely rule out.  Second, this study was not a randomized controlled trial and patients 

were not equally distributed in some confounding variables that were not gathered, including 

BMI and smoking status. Third, it is possible that no effects were observed in our study 

because the pharmacological treatment could have changed throughout the evaluations in 

some participants. Nevertheless, this is a consequence of the naturalistic design of this project 

in which participants maintained or changed their usual treatment according to the guidelines 

for BD.  Another possible explanation for this negative finding could be due to the method 

used to detect changes in BDNF levels; we have measurements of serum BDNF levels but not 

from central nervous system levels. Finally, the lack of genetic assessment of BDNF Val66Met 

polymorphism was not assessed and it is known to have a significant role in BDNF plasma 

levels.  

Despite these limitations, the results of our study suggest that FR and Psychoeducation failed 

to change BDNF serum levels in euthymic patients with BD. To the best of our knowledge this 

is the second study in the BD field assessing changes in this neurotrophine and, so far, both 

studies have presented negative results. Research of biological correlates in BD is still 

immature and deserves further attention; it may be likely that BDNF is not the only mediator 

involved in the complex process of neural plasticity. Other variables such as an early exposure 

to traumatic life events and posttraumatic stress disorder have been found to have an impact 

in the stress response alterations  (Grande et al., 2010) which in turn, regulates the BDNF 

production. Maybe more trauma-orientated interventions could be effective to observe 

changes in BDNF.  As pointed by Penadés and colleagues (2017) (Penadés et al., 2017) it might 

be possible that BDNF changes depend on genetic variants that we might have missed. For 

instance, Grande and colleagues (2014) (Grande et al., 2014) found a differential change in 

peripheral levels of BDNF along the treatment of BD depending on their genotype. Finally, if 

the ultimate objective is to stimulate neuroplasticity and neurogenesis it would be interesting 

to study a combination program consisting of FR and exercise since preliminary studies in 

schizophrenia has shown positive results (Nuechterlein et al., 2016). 
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     Abstract  

 

The main aim of this study is to evaluate the impact of functional remediation (FR) in serum 

brain derived neurotrophic factor (BDNF) levels in euthymic adult patients with Bipolar 

Disorder (BD). A total of 128 participants were recruited at the Hospital Clinic of Barcelona. 

They were assessed at baseline and at the end of follow-up by the means of Hamilton 

Depression Scale (HAM-D), Young Mania Rating Scale (YMRS) and Functioning Assessment 

Short Test (FAST), as well as a clinical structured interview to collect clinical and demographic 

variables of interest. Blood samples were also collected to assess BDNF levels. After baseline 

assessment, patients received FR, Psychoeducation or treatment as usual (TAU). 

One hundred and two out of 126 participants finished the study distributed as follows: FR 

group (n=39); Psychoeducation group (n=47) and TAU group (n=16). Longitudinal repeated-

measures analyses addressing the treatment effect on BDNF levels showed non-significant 

differences between the three groups (Pillai’s trace = 0.06; F(2,97)=0.28;  p=0.75), suggesting no 

interaction between treatment allocation and time on BDNF levels. The results of this study 

suggest that FR has no effect on peripheral BDNF levels in euthymic patients with BD, despite 

the improvement in psychosocial functioning.  

Key words: bipolar disorder, functional remediation, psychoeducation, BDNF, functioning 
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1.- Introduction 

Bipolar disorder (BD) is a recurrent chronic mood disorder characterized by episodes of 

hypomania/mania and depression. It affects more than 1% of the world’s population and 

together with other mental illnesses represents one of the main growing causes of chronicity 

and disability among young people leading to a rise in mortality rates, particularly death by 

suicide (Grande et al., 2016; Murray et al., 2012; Vieta et al., 2018a). Pharmacological 

treatment reduces symptoms, prevents further relapses and recurrences, but it is still not 

enough to recover patients from functional impairment (Vieta et al., 2013). FR is a novel 

therapy with proven effectiveness at improving psychosocial functioning in euthymic patients 

with BD. It is an intervention based on the training of neuropsychological skills (including 

attention, memory and executive functions) and the application of ecological exercises to 

improve real life functioning (Bonnin et al., 2016; Torrent et al., 2013); however, the biological 

correlates of this intervention (if any)  remains still unknown.  

The discovery of biomarkers in medicine has opened new horizons to the study of several 

illnesses, including mental disorders. It has been found decreased levels of BDNF in patients 

with BD during acute episodes when compared to controls (de Oliveira et al., 2009; 

Tramontina et al., 2007); however, BDNF levels do not differ from healthy controls during 

euthymia (Cunha et al., 2006). In this line, a systematic review and meta-analysis, which 

included a total of 1113 patients with BD, found that the peripheral BDNF levels were reduced 

both in the manic and depressive episodes but presented normal levels in euthymia and there 

was an increase of BDNF levels following treatment for acute mania (Fernandes et al., 2011).  

Moreover BDNF is one of the mediators explaining the concept of allostatic load (AL). This 

concept helps to explain the vulnerability to stress, cognitive impairment and physical 

comorbidity found in patients with BD (Kapczinski et al., 2008).  Since BDNF is a protein 

involved in neuroplasticity and neurogenesis, it has been hypothesized that BDNF together 

with other neurotrophines could be involved in some structural changes described in BD, 

involving the amygdala, hippocampus and prefrontal cortex (Vieta et al., 2013). In this regard, 

understanding the variations of BDNF levels and other neurotrophines during  mood episodes 

or after receiving any pharmacological treatment could shed some light to validate the concept 

of AL.  In this sense, at least two studies have reported an increase of BDNF levels in lithium 

responders compared to non-responders (de Sousa et al., 2011; Rybakowski, 2014). Other 

drugs such as ketamine (Grunebaum et al., 2017; Rybakowski et al., 2013) and other mood 

stabilizers including valproate (Chen et al., 2014) have also been  found to increase BDNF levels, 

although not all the studies find significant changes (Cevher Binici et al., 2016). 
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When it comes to psychological treatments, literature is even scarcer, at least in the BD field.  

To the best of our knowledge, only one study has evaluated the changes in neurotrophines 

after a psychological treatment in patients with BD. Specifically, the authors found a significant 

increase of the Glial cell-derived neurotrophic factor (GDNF) between baseline and post 

combined psychoeducation (Wiener et al., 2017). There is also another ongoing study aiming 

at evaluate changes in BDNF after a mindfulness-based cognitive therapy vs. psychoeducation 

in a sample of patients with BD, but so far, no results are available (Lahera et al., 2014). In  

unipolar depression, another study  (da Silva et al., 2018) also failed to find significant changes 

in neurotrophic factors (BDNF, beta-nerve growth factor, beta NGF and GDNF) in patients who 

received 16 sessions of CBT.  Finally, in schizophrenia, Penadés  and colleagues (Penadés et al., 

2017) found that patients with Val66Met polymorphism, showed increased levels of BDNF in 

Val carriers after receiving cognitive remediation.  

These findings reveal the need to analyze the possible existence of neuroprotective effects 

from certain psychological interventions used in the treatment of psychiatric diseases, 

including BD. The inclusion of biomarkers before and after a therapy intervention could help 

clinicians decide the best option treatment. In this line, research findings suggest that 

psychological interventions have measurable effects on the brain in addition to their 

“psychological impact” (Gabbard, 2000). Hence, the aim of this study was to evaluate BDNF 

changes after FR treatment when compared to psychoeducation and the Treatment as usual 

(TAU) group in euthymic patients. Because BDNF has a high expression in the brain areas 

involved in the regulation of cognition and emotion (Gorski et al., 2003) and FR is a therapy 

focused on the training of neurocognitive skills (Martínez-Arán et al., 2011), it is likely that 

BDNF levels improve in those patients who receive FR. Hence, we hypothesized that those 

patients in the FR group would increase BDNF serum levels after treatment when compared to 

psychoeducation or TAU.  As secondary objectives, we assessed changes in mood symptoms 

and psychosocial functioning after FR versus the other interventions. Finally, as a tertiary 

objective, neurocognitive performance along follow-up was also investigated.  

2.- Experimental procedures 

2.1.- Design 

This is a 6-months follow-up study to test the impact of FR as an add-on treatment to 

medication for patients with BD by assessing the differences in serum BDNF levels when 

compared to Psychoeducation and TAU group. It is a naturalistic cohort study, since patients 

were allocated in each group following clinical decision. 
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2.2.- Participants 

Participants in this study were recruited at the Barcelona Bipolar Disorders Program at the 

Hospital Clínic (University of Barcelona). It is a University based program providing integrated 

care for difficult-to-treat patients with BD from across Catalonia, as well as care to patients 

with BD from a specific catchment area in Barcelona (Vieta, 2011). The patients fulfilled the 

following inclusion criteria: a) diagnosed with BD according to DSM-5 criteria (American 

Psychiatric Association, 2013) b) assessed during euthymia, defined as Young Mania Rating 

Scale (YMRS) score < 6 (Colom et al., 2002; Young et al., 1978) and Hamilton Depression Rating 

Scale-17 (HAM-D) score < 8 (Cordero Villafáfila and Ramos-Brieva; HAMILTON, 1960) c) aged 

between 18 and 65 years old. Exclusion criteria were: a) current diagnosis of substance abuse 

or dependence; b) history of mental retardation or any clinical condition that could interfere in 

the interview.  

This study was conducted in accordance with the ethical principles of the Declaration of 

Helsinki and Good Clinical Practice. The study protocol was approved by the ethics committee 

of the Hospital Clinic. All participants received extensive information on the study and 

provided written informed consent prior the inclusion. 

2.3.- Clinical assessments 

After providing written informed consent, all participants went through a structured clinical 

interview of the Program’s protocol based on the SCID for DSM-5 (American Psychiatric 

Association, 2013).  Variables such as age, gender, diagnosis, the number and the type of 

episodes, chronicity (illness duration in years), number of hospitalizations, and history of 

psychosis were collected. All the information provided by the patients was verified by 

reviewing the clinical history of each patient. 

After collecting the data, patients were assessed with several clinical scales: first, the HAM-D 

and the YMRS were administered to ensure that patients met criteria for euthymia at the time 

of study enrollment. Psychosocial functioning was assessed by means of the Functioning 

Assessment Short Test (FAST) (Rosa et al., 2007) an interviewer-administered instrument 

developed to assess the main difficulties in daily life of patients with BD. The global score is the 

addition of all the items of the scale. The FAST total score can range from 0 to 72 and higher 

scores indicate greater disability.  

BDNF serum levels assessment 
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Ten milliliter samples of venous blood were collected into anticoagulant-free vacuum tubes. 

Blood samples were taken in the morning between 9.00 and 11.00 am; patients were not 

required to be fasted before blood drawing. Blood was then centrifuged at 4000 g for 10 

minutes and serum was separated and stored at − 80 °C. Serum BDNF levels were measured by 

sandwich enzyme-linked immunosorbent assay (ELISA) in accordance with the manufacturer’s 

instructions (R&D Systems, USA - Catalogue No. DBD00).  

Microtiter plates (96-well flat-bottom) pre-coated with monoclonal antibody specific for 

human free BDNF were incubated for 2 hours at room temperature with the samples and 

standard curve ranging from 62.5 to 2000 pg/mL of BDNF. Plates were then washed three 

times with wash buffer and Human Free BDNF Conjugate was added to all and incubated for 1 

hour at room temperature. After washing, incubation with substrate solution for 30 minutes at 

room temperature was carried out and after this time stop solution was added and the 

amount of BDNF was determined (absorbance set at 450 nm). The standard curve shows a 

direct relation between optical density and BDNF concentration. In addition, intra-assay and 

inter-assay coefficients of variation are +3.8% and +11.3%, respectively. Tests were performed 

in duplicate and the investigator was blinded to the group allocation during the experiment. 

 

2.4.- Neuropsychological assessment 

Patients receiving either TAU or FR were assessed using a comprehensive neuropsychological 

battery at baseline and at 6-months follow-up. This assessment involved different 

neurocognitive domains which are described as follows: 

1) Estimated IQ was evaluated with the Wechsler Adult Intelligence Scale (WAIS-III) 

(Wechsler, 1997), vocabulary subtest. This measure was evaluated only at  baseline). 

2) The Processing Speed domain consisted of two subtest of the WAIS-III (Wechsler, 

1997): the digit-symbol coding and the symbol search. 

3) The Working Memory domain comprised the arithmetic, digits, and letter-number 

sequencing of the WAIS-III) (Wechsler, 1997). 

4) The verbal memory domain consisted of the California Verbal learning Test (CVLT) 

(Delis et al.,  1987). 

5) Executive functions were tested by several test assessing set shifting, planning, verbal 

fluencies,  and response inhibition, namely  the computerized version of the Wisconsin 

Card Sorting test (Heaton, 1981), the Stroop Color-Word Interference Test (SCWT) 

(Golden, 1978), the Trail Making Test –part B (TMT-B) (Reitan, 1958), phonemic 
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fluency (F-A-S) and categorical fluency (animal naming), both components of the 

Controlled Oral Word Association Test (COWAT) (Benton and Hamsher, 1976). 

6) Attention was measured with the Continuous Performance Test-II (CPT-II), version 5 

(Conners, 2000) and with the Trail Making Test –part A (TMT-A) (Reitan, 1958) 

 

2.5.- Interventions 

The FR program consists of 21 weekly sessions, each lasting 90 minutes. This intervention 

addresses neurocognitive issues such as attention, memory and executive functions; however 

it focuses even more on enhancing daily routine functioning. The content of the intervention is 

based on ecological tasks to be performed in the clinic as well as at home. Participants receive 

training with exercises for memory, attention, problem-solving and reasoning, multitasking 

and organization to improve their functional outcome. A manual of this intervention has been 

published (Vieta et al., 2014). The psychoeducation group also consisted of 21 weekly sessions 

of 90 minutes each, aimed at preventing recurrences of BD illness by improving five main 

issues: illness awareness, treatment adherence, early detection of prodromal symptoms of 

relapse, substance use avoidance, and lifestyle regularity (Colom and Vieta, 2006). In the TAU 

group, participants received prescribed pharmacological treatment without any adjunctive 

psychosocial therapy.  

2.6.- Statistical analyses 

Demographic and clinical features at baseline and at follow-up were analyzed using ANOVA for 

continuous variables and chi square for categorical variables.  These analyses were performed 

using the Statistical Package for Social Sciences version 20.0 (SPSS, Chicago, IL). 

In order to test the main hypothesis, group x time effects overall BDNF levels were analyzed 

using repeated measures ANOVA comparing group differences at baseline and at six-months 

follow-up (after the intervention). This analysis only takes into account completed cases; 

consequently missing values due to of loss to follow-up were not included in the present 

analysis.  

The second and third hypotheses regarding mood (HAM-D and YMRS), psychosocial 

functioning (FAST) and neuropsychological changes were also tested with the same analysis 

used for the main hypothesis. However, to assess the changes in neuropsychological 

performance, five different cognitive composites scores were created according to the 
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cognitive domains assessed.  First, all neurocognitive variables were standardized to z-scale 

scores. Then, the variables were grouped according to the neurocognitive domain assessed. In 

total, five composite scores were obtained: (1) the Processing Speed domain consisted of two 

variables derived from the two subtest of the WAIS-III (digit-symbol coding and symbol search); 

(2) the Working Memory domain consisted of three variables derived from the three subscales 

of the WAIS-III (arithmetic, digits and letter-number sequencing); (3) verbal memory 

composite domain consisted of five variables: the total trials 1-5 list A, short-delay free recall, 

short-delay cued recall, long-delay free recall and long-delay cued recall; (4) the executive 

functions composite score consisted of six variables: categories and  perseverative errors of 

the WCST, SCWT interference, animal naming, phonemic fluency and TMT-B; (5) the attention 

composite score consisted of four variables: CPT-II omission errors, CPT-II commission errors, 

CPT detectability (d’) and TMT-A. 

All analyses in this study were two-tailed with alpha set at p<0.05 and were performed with 

the Statistical Package for Social Sciences version 20.0.  

3.- Results 

Demographic and clinical features 

A total of 128 patients were recruited for this study. The distribution was made as follows: FR, 

n=46; Psychoeducation, n=53; TAU, n= 29. After 6-months follow-up, a total of 102 patients 

were re-assessed (FR, n=39; Psychoeducation, n=47; TAU, n=16).  Table 1 shows the data for 

patients who finished follow-up.  As shown in the table, the three patient groups differed in 

some clinical and demographic variables at baseline. Patients in the FR group were older 

(F(2,98)=25.6; p<0.001), presented higher scores in the HAM-D (F(2,99)=1.3; p<0.001) and showed 

greater  baseline functional impairment (F(2,99)=1.2; p<0.001)  when compared to the remaining 

groups.  

At baseline, participants in the three groups were equivalent in terms of educational level, but 

estimated IQ was significantly higher in the TAU group when compared to the 

psychoeducation group (F(2,99)=1.2; p<0.001). In terms of gender, diagnosis and lifetime 

psychotic symptoms patients were equally distributed across groups. Further details are 

shown in table 1.  

    <<Table 1 about here>> 

Longitudinal changes in BDNF 
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Longitudinal repeated-measures analyses addressing the effect of the treatment on BDNF 

levels showed non-significant differences between the three groups (Pillai’s trace = 0.06; 

F(2,97)=0.28;  p=0.75), suggesting no interaction between treatment allocation and time (from 

baseline to 6-months follow-up) on BDNF levels. As shown in Figure 1, patients allocated in the 

FR group did not differ significantly from patients allocated in the remaining groups.  

<< Figure 1 about here>> 

Since baseline differences were detected in some variables, including subdepressive symptoms 

(HAM-D total score), psychosocial functioning (FAST total score) age and chronicity, we 

controlled for their potential confounding effects. Hence, four additional repeated-measures 

ANCOVA were performed in order to study the effect of these three variables on BDNF levels.  

According to the analyses, there was no significant interaction between time x subdepressive 

symptoms (Pillai’s trace= 0.028; F(1,93)=2.65; p=0.10) and the interaction between treatment 

allocation and time remained non-significant (Pillai’s trace= 0.024; F(2,93)=1.15; P=0.32).  

Regarding the effect of baseline psychosocial functioning, a significant interaction between 

time and baseline FAST total score (Pillai’s trace= 0.04; F(1,96)=4.3; p=0.04) was found, but there 

was no significant interaction between  time x group treatment allocation (Pillai’s trace= 0.03; 

F(2,96)=1.65; p=0.19). Finally, no significant effect of age was detected on BDNF levels neither on 

time (Pillai’s trace=0.007; F(1,94)=0.70; p=0.40) or treatment allocation (Pillai’s trace=0.012; 

F(2,94)=0.55; p=0.57). Chronicity (illness duration in years) did not affect either the BDNF levels 

and no significant effects were found after controlling for this confounding variable (Pillai’s 

trace=0.012; F(1,87)=0.50; p=0.60). 

Longitudinal changes in FAST total scores 

Regarding the changes in the FAST scale, a significant interaction between treatment and time 

was found (Pillai’s trace = 0.082; F(2,88)=3.81; p=0.026). When Tukey post hoc tests were 

performed, it was found that FR differed significantly from treatment as usual (p=0.039), but 

fell short of significance when compared with psychoeducation (p=0.94).  

<<Figure 2 about here>> 

 

Longitudinal changes in mood 

Concerning longitudinal changes in mood, both depressive and manic symptoms, no significant 

interaction was found between treatment allocation and time on HAM-D total (Pillai’s 
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trace=0.071; F(2,70)=2.67; p=0.074) score or on YMRS total score (Pillai’s trace= 0.074; 

(F(2,69)=2.75; p=0.071). Table 2 summarizes the mean and standard deviations for the three 

groups in the main and secondary variables of the study. 

    << Table 2 about here >> 

Longitudinal changes in neuropsychological variables 

Finally, when examining neurocognitive performance at follow-up, no significant interaction 

between treatment allocation x time were found in any of the composite cognitive domains 

assessed. See table 3 for further details.  

 

     << Table 3 about here >> 

 

4.- Discussion 

To the best of our knowledge, this is the second study to investigate the effects of a 

psychological intervention on levels of peripheral BDNF compared with psychoeducation and 

TAU.  Contrary to our main hypothesis, we found no statistically significant difference in BDNF 

levels between the patients who received FR vs. the remaining groups.  

To date, there is only one published study assessing BDNF levels after another psychological 

intervention in BD. It is a randomized controlled trial assessing BDNF, GDNF and Nerve Growth 

Factor (NGF) serum levels after a brief psychoeducation intervention vs. treatment as usual 

(Wiener et al., 2017).  They did not find any significant changes on BDNF nor NGF levels post 

intervention in any of the groups. Only GDNF serum levels increased significantly from baseline 

to follow-up in patients allocated in the psychoeducation group. The authors concluded that 

psychoeducation as an add-on therapy was effective at increasing GDNF levels in a sample of 

young adults with BD. Wiener’s et al. study (Wiener et al., 2017) differs from our in some 

aspects: first, our study was not a randomized controlled trial; instead, we included a total of 

three arms of intervention and patients were allocated in each treatment arm according to 

clinical decision. Second, in Wiener’s study, euthymia was not an inclusion criterion and 

patients were subsyndromic at baseline, presenting scores in the HAM-D around 12 and a 

score around 7 in the YMRS. Third, our patients were older in the three groups, especially 

when compared to those in the FR group.  And finally, their psychological intervention was 
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shorter than ours. Despite these differences, our results converge when it comes to 

invariability of BDNF serum levels after a psychological intervention. 

There is another ongoing study in BD (Lahera et al., 2014) trying to find variations of BDNF 

levels associated to the different treatment arms (psychoeducation or mindfulness-based 

cognitive therapy) and its possible associations to neurospsychological variables. Nevertheless, 

no results have been published yet.  Another study including a sample of patients with 

unipolar depression assessed the changes of BDNF and GDNF levels and severity of depressive 

symptoms in patients diagnosed with unipolar depression undergoing cognitive-behavioral 

therapy. The authors did not found significant correlations between the neurothrophines and 

changes in severity of depressive symptoms (da Silva et al., 2018).  

In schizophrenia, two studies have evaluated the effect of a cognitive remediation therapy on 

BDNF serum levels. One found positive results (Vinogradov et al., 2009) while the other could 

not replicate the findings (Penadés et al., 2017). However, the latter study suggested that 

BDNF genetic variants could play a role in different response patterns of BDNF levels. They 

found that Val/Val carriers increased BDNF levels during a cognitive remediation, but not the 

Met carriers. Unfortunately, the present study did not assess these polymorphisms and we 

could not control for this variable.  In regards to the only positive study so far carried out in 

schizophrenia (Vinogradov et al., 2009), the authors found a significant increase in BDNF serum 

levels 10 weeks after treatment.  The intervention consisted of a computer training based on 

auditory and verbal processing. Aside from changes in BDNF, they also found a significant 

improvement in global cognition, however no correlation was found between increased BDNF 

and improved cognition. Thus, the significance of increased BDNF in relation to treatment 

success suggested that BDNF is not a biological correlate of cognitive improvement.  In this line, 

the biological correlates of FR (if any) still remain unknown and other mechanisms beyond 

BDNF signaling should be investigated in order to elucidate this issue. The exhaustive FR 

intervention (21-weeks long) failed to change BDNF levels despite having found a significant 

improvement in psychosocial functioning.  It is likely that FR alone is not enough to stimulate 

neurotrophic changes (in particular, BDNF) at least measured in serum levels. 

In this line, one pilot study  conducted in schizophrenia found that the combination of a 

program including physical exercise plus cognitive remediation could lead to an increase in 

BDNF serum levels (Nuechterlein et al., 2016)  and a recent review (Campos et al., 2017) 

suggested that aerobic exercise preceding cognitive remediation may create a state of 

neuroplastic readiness in the brain through BDNF upregulation, which could potentiate the 
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effectiveness of cognitive remediation. Therefore, it might be hypothesized that a combined 

program in BD including FR plus exercise could lead to increased neuroplasticity.  

The higher baseline scores on the FAST scale and chronicity found in the FR group are 

noteworthy, indicating a worse psychosocial outcome in this group compared with the other 

two. However, after controlling for these variables the results are not modified indicating a 

lack of association between chronicity (longer illness duration) and functional outcome with 

BDNF serum levels. This assumption is in line with a previous study that was conducted with 

patients who had suffered from BD for 23 years (in our FR group the mean chronicity is 21 

years) (Barbosa et al., 2013) although recent studies have suggested that neuroplasticity may 

be negatively affected due to neuroprogressive changes that occur during the course of BD 

(Berk et al., 2011).  In line with this, one study (Kauer-Sant’Anna et al., 2009) found an increase 

of BDNF levels in early stages of the illness, hence we cannot rule out a positive effect of the 

interventions in BDNF serum levels, if applied early after illness onset (Vieta et al., 2018b). 

Despite failing to improve BDNF levels, the present study corroborates the positive results 

found in the randomized controlled trial where the efficacy of FR was tested (Torrent et al., 

2013). In the original study, patients allocated in the FR group improved 6 points their total 

score in the FAST scale after treatment. In the present study, the mean increase was 5.7, 

similar to the first study. The significant difference in functioning as found when FR was 

compared to TAU but not when compared to the psychoeducation group, which is also in line 

with the study efficacy. 

Lastly, in line with previous literature, no significant changes in mood across treatment groups 

were found (Bonnin et al., 2016; Torrent et al., 2013), confirming no effect of FR or 

Psychoeducation on mood symptoms. Given that patients were euthymic when included in the 

study and remained stable, it is unlikely to find significant results regarding these variables.  As 

stated in a previous report (Fernandes et al., 2011) the lack of significant differences in 

euthymic patients with BD may further support the hypothesis that BDNF might be proposed 

as a state –rather than a trait marker for BD. Regarding neuropsychological performance, we 

did not find any significant changes in the group allocated in FR compared to TAU after 6-

months follow-up, which is in line with the original trial testing the efficacy of the intervention 

(Torrent et al., 2013). So far, one study, with longer follow-up, found significant improvement 

in verbal memory, suggesting that changes in neurocognition may occur with certain delay or 

as a result of an accumulative effect (Bonnin et al., 2016). This might explain that neither our 

study or other cross-sectional reports (Chou et al., 2012; Dias et al., 2009) found no association 
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between neurocognition and serum BDNF levels. Maybe more individualized interventions 

should be taken into account according to patients’ functioning profile (Solé et al., 2018). 

This study has several limitations. First, the small sample size of the groups may limit the 

detection of differences in BDNF outcomes, and a type II error (false negative) cannot be 

completely rule out.  Second, this study was not a randomized controlled trial and patients 

were not equally distributed in some confounding variables that were not gathered, including 

BMI and smoking status. Nevertheless, when additional analyses were performed controlling 

for some of these confounding variables, the results did not change. Third, it is possible that no 

effects were observed in our study because the pharmacological treatment could have 

changed throughout the evaluations in some participants. Nevertheless, this is a consequence 

of the naturalistic design of this project in which participants maintained or changed their 

usual treatment according to the guidelines for BD. However, it should be emphasized that 

individuals from all treatment groups were treated respecting. Another possible explanation 

for this negative finding could be due to the method used to detect changes in BDNF levels; we 

have measurements of serum BDNF levels but not from central nervous system levels. Finally, 

the lack of genetic assessment of BDNF Val66Met polymorphism was not assessed and it is 

known to have a significant role in BDNF plasma levels.  

Despite these limitations, the results of our study suggest that FR and Psychoeducation failed 

to change BDNF serum levels in euthymic patients with BD. To the best of our knowledge this 

is the second study in the BD field assessing changes in this neurotrophine and, so far, both 

studies have presented negative results. Research of biological correlates in BD is still 

immature and deserves further attention; it may be likely that BDNF is not the only mediator 

involved in the complex process of neural plasticity. Other variables such as an early exposure 

to traumatic life events and posttraumatic stress disorder have been found to have an impact 

in the stress response alterations  (Grande et al., 2010) which in turn, regulates the BDNF 

production. Maybe more trauma-orientated interventions could be effective to observe 

changes in BDNF.  As pointed by Penadés and colleagues (2017) (Penadés et al., 2017) it might 

be possible that BDNF changes depend on genetic variants that we might have missed. For 

instance, Grande and colleagues (2014) (Grande et al., 2014) found a differential change in 

peripheral levels of BDNF along the treatment of BD depending on their genotype. Finally, if 

the ultimate objective is to stimulate neuroplasticity and neurogenesis it would be interesting 

to study a combination program consisting of FR and exercise since preliminary studies in 

schizophrenia has shown positive results (Nuechterlein et al., 2016). 
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Table 1. Clinical and demographic characteristics 

Variables 

Functional Remediation 
(n=39)        Mean (SD)                                          

(A)                    

Psychoeducation 
(n=47)           Mean (SD)                                      

(B) 

TAU (n=16)                    
Mean (SD)                             

(C)  
  F (p)   Tukey post-hoc 

Age 48,5 (6,3) 35,2 (9,2) 39,5 (9,9) 25,6 (p<0,001) A>B,C 
Years of education 14,9 (4,0) 14,3(2,7) 16,2 (5,1) 1,4 (p=0,24) A=B,C   
Estimated IQ 107,7 (8,3) 105,7 (7,7) 111,5 (7,4) 3,3 (p=0,04) A=B,C   C>B 
HAM-D total score 6,3 (3,5) 2,0 (2,2) 3,8 (3,3) 21,9 (p<0,001) A>B,C 
YMRS total score 1,6 (1,9) 1,2 (1,6) 0,8 (1,6) 1,3 (p= 0,27) A=B,C   
FAST total score 34,5 (9,9) 15,5 (11,1) 19,9 (8,6) 34,6 (p<0,001) A>B,C 
Chronicity (years of illness) 21,6 (9,5) 11,5 (8,7) 15,1 (8,3) 14,5 (p<0,001) A >B,C 
Number of total episodes 12,3 (9,6) 9,7 (8,9) 6,4 (3,5) 1,2 (p=0,31) A=B,C   
Number of previous manic episodes 1,8 (2,5) 1,9 (2,0) 1,8 (1,3) 0,3 (p=0,97) A=B,C   
Number of previous depressive episodes 5,2 (5,9) 4,2 (4,4) 2,0 (1,7) 1,0 (p=0,37) A=B,C   
Number of previous hospitalizations 2,2 (2,1) 1,3 (1,4) 0,7 (0,7) 3,3 (p=0,04) A=B,C   

            

  n (%) n (%) n (%) Chi (p)   

Gender (women) 10 (27) 22 (46,8) 5 (31,3) 3,7 (p=0,15) 
 Diagnosis (Type I) 40 (85,1) 25 (65,8) 14 (82,4) 4,7 (p=0,09) 
 Lifetime psychotic symptoms (yes) 21 (56,8) 35 (74,8) 9 (52,9) 3,9 (p=0,31) 
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Table 2. Longitudinal changes in main and secondary outcome variables 

Variables 
Functional Remediation (n=39)        

Mean (SD)                                                             
Psychoeducation (n=45) 

Mean (SD) 
TAU (n=16)           
 Mean (SD)                                

  Baseline 6-months follow-up Baseline 6-months follow-up Baseline 6-months follow-up 

BDNF serum levels (ng/ml) 23,51 (12,05) 23,22 (8,10)  23,53 (11,16) 24,42 (9,48) 25,22 (6,78) 24,45 (7,50) 

FAST total score 34,06 (9,33) 28,03 (8,21) 14,37 (9,55) 9,34 (8,63) 18,59 (9,07) 18,45 (9,67) 

HAM-D total score 6,11 (2,88) 5,47 (2,36) 2,07 (2,34) 1,56 (2,01) 3,20 (2,20) 5,50 (6,62) 

YMRS total score 1,68 (1,73) 1,37 (1,67) 1,20 (1,70) 1,00 (1,65) 0,90 (2,02) 2,00 (2,05) 

Table 2



Table 3. Neuropsychological changes across time and Functional Remediation vs. TAU 

Variables 
Functional Remediation (n=27)        

 Mean (SD)                                                             
TAU (n=12)            
Mean (SD)                                

Group x time 
interaction  

 
Baseline 6-months follow-up Baseline 6-months follow-up Pillai's trace (p) 

 Processing Speed 0,05 -0,09 0,3 0,28 0,08 (0,60) 
 Working Memory 0,16 0,05 -0,24 -0,14 0,001 (0,96) 
 Composite verbal  memory score -0,17 -0,14 0,44 0,37 0,007 (0,63) 
 Composite executive functioning 

score -0,18 0,01 -0,1 0,06 0,001 (0,85) 
 Composite attention score -0,48 -0,11 0,15 0,39 0,01 (0,61) 
 

Table 3



Figure 1. BDNF levels pre and post treatment 
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 Figure 2. FAST scores pre and post-treatment 
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