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Purpose: We aimed to verify the impact of functional remediation (FR) on serum brain-derived neurotrophic factor (BDNF) and
tyrosine kinase receptor B (TrkB) levels, to explore the biomechanism of FR intervention in patients with euthymic bipolar disorder
(BD).

Patients and Methods: This is a randomized controlled, 12-week intervention study with participants randomized into the FR group
(n=39) and the treatment as usual group (TAU, n=42) at the 1[]1 ratio. 17-Hamilton Depression Rating Scale-17 (HDRS-17), Young
Mania Rating Scale (YMRS), and Measurement and Treatment Research to Improve Cognition in Schizophrenia (MATRICS)
Consensus Cognitive Battery (MCCB) were used to assess affective symptoms and cognitive functioning both at baseline and week
12, respectively. Meanwhile, we collected blood samples (10 milliliters) from all participants for determination of serum BDNF/ TrkB
levels both at baseline and week 12. After baseline assessment, all participants received FR or TAU treatments, respectively.
Results: Our results showed significant decreasing in HDRS-17 and YMRS scores, increasing in serum BDNF and TrkB levels in
both groups over 12 weeks (all p 5<0.05). There were no group differences in the HDRS-17 and YMRS scores (all p 's>0.05), but the
FR group showed greater increasing in serum BDNF and TrkB levels than those in the TAU group (all p’s<0.05). In terms of
cognition, the change in serum BDNF levels was negatively correlated with changes in Mazes test, and the improved TrKB levels were
associated with improved Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) in the FR group (all p s<0.05).
Conclusion: The changes in serum BDNF and TrkB levels may be implicated in the mechanisms underlying FR intervention in
euthymic patients with BD.

Limitation: A longer follow-up period than 12 weeks and set up healthy controls may make the results more convincing, and the
sample size of this study is still insufficient.
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Introduction
Bipolar disorder (BD) is a chronic mental illness characterized by pathological and unstable mood episodes of depression
and mania or hypomania, potentially leading to cognitive and psychosocial impairment, increased mortality, and reduced
quality of life for patients."* Approximately 60% to 70% of patients with BD suffer from varying degrees of impairment
in social and occupational functioning.3 Cognitive deficits persist in BD patients even during periods of remission,”
potentially hindering treatment response and functional recovery.” While pharmacological treatments effectively reduce
clinical symptoms, there remain challenges in achieving cognitive recovery.®

In recent years, the field of psychological interventions has made significant achievements aimed at restoring
cognitive functioning in BD. A new therapeutic intervention named Functional Remediation (FR), proposed by Martinez-
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Aran et al, is designed for patients with BD.” It belongs to a psychosocial program that offers neuropsychological training
to improve cognitive deficits by incorporating exercise strategies into their daily routines.® Recent findings have
demonstrated that FR can enhance psychosocial, occupational, and cognitive functioning, alleviate depressive symptoms,
and ultimately improve the daily functioning of patients with BD,””"'* with sustained effects over time.'> However, not
all patients with BD benefit from FR intervention,'* and its mechanism still remains elusive. Therefore, the discovery of
biomarkers related to cognitive impairment in psychiatric diseases has opened new avenues for exploring the mechan-
isms underlying FR treatment,'® particularly for euthymic patients with BD.

BD patients present abnormal functional connectivity and structural alterations of the hippocampus, a pivotal hub of
emotion regulation and cognition.'®!” Brain-derived neurotrophic factor (BDNF), a small molecule dimer protein,
promotes the growth and differentiation of neurons and highly expressed in hippocampus.'® To date, the correlation of
BDNF and treatment in BD has garnered significant attention. A finding indicated that BDNF levels decrease in euthymic
patients with BD,'? but mood stabilizers (MS) could potentially reverse BDNF levels in the hippocampus.?*?! It is well
known that BDNF plays a pivotal role in neurogenesis and cognitive functioning in euthymic patients with BD.'***
Mosiolek A et al pointed out that BDNF could be an indicator of cognitive function under psychotherapy in psychiatric
patients.”> However, the association between FR and the change in BDNF levels is still inconclusive. Compared to
psychoeducation or pharmacological treatment, FR could effectively improve psychosocial functioning without affecting
peripheral BDNF levels in euthymic BD patients.”* In contrast, Vinogradov et al found that BDNF levels significantly
increase under the treatment of cognitive remediation (CR), and serum BDNF levels could be the biomarker for the
effects of CR in schizophrenia (SCZ) patient.>> Therefore, it seems necessary to focus on changes in serum BDNF levels
in euthymic BD patients under FR treatment to optimize therapies.

The role of tropomyosin-related kinase receptor type B (TrkB), belongs to the neurotrophic receptor of growth factor
BDNF,*® regulates neurotransmitter release, ion channel activity, axonal pathfinding and neuronal excitability?’ and is
also unclear in the efficacy of FR treatment for BD. A previous finding has revealed that both manic and depressive-like
behaviors may be associated with decreased concentrations of TrkB in BD.?® In the mice model, therapeutic TrkB
agonism and increased TrkB expression might improve cognitive function,?® and exercise can also improve cognitive
function by increasing TrkB and BDNF expression.”® BDNF-TrkB signaling plays a key role in the development of
cognitive functioning,®' as well as TrkB neurotrophin receptors rescuing both behavioral and synaptic plasticity deficits
associated with psychiatric disorders, including BD.** Therefore, it is meaningful to explore the potential role of TrkB
levels in effects of FR treatment on cognitive functioning in euthymic BD patients.

To our knowledge, this study is the first to investigate the effects of FR on changes in serum BDNF and TrkB levels
after a 12-week intervention in euthymic BD patients. Given the significant role of BDNF and TrkB in cognitive
function, we hypothesize that: (i) changes in serum BDNF and TrkB levels and cognitive function are significantly higher
in the FR group compared to the TAU group; (ii) changes in serum levels of BDNF and TrkB correlate with some
subtypes of cognition in the FR group; (iii) serum levels of BDNF and TrkB may mediate the cognitive improvements
achieved by FR intervention. We aim to verify the impact of FR on serum levels of BDNF and TrkB, and to explore the
biomechanism of FR in euthymic patients with BD.

Materials and Methods

Participants

Euthymic patients with BD aged 18-60 years were consecutively recruited from Tianjin Anding Hospital between
November 2019 and October 2020. All patients met the diagnosis of BD according to the Diagnostic and Statistical
Manual of Mental Disorder-Fourth Edition criteria (DSM-IV) (APA, 1994). Euthymic BD patients were defined as those
with Young Mania Rating Scale (YMRS) total score < 6, a 17-item Hamilton Depression Rating Scale (HDRS-17) total
score < 8, with clinical remission based on the criteria defined by the International Society for Bipolar Disorder (ISBD)
Task Force for at least one month.>* We excluded patients with physical diseases that could affect neuropsychological
performance, such as nervous system disease (eg, epilepsy, Parkinson’s disease, or multiple sclerosis), chronic infectious
diseases (eg, acquired immunodeficiency syndrome), or other significant physical illnesses (eg, endocrine or metabolic
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disorders), as well as any history of comorbid alcohol or drug abuse. Additionally, individuals with severe psychiatric
conditions including schizophrenia (SCZ), mental retardation, and major depressive disorder were excluded.
Furthermore, BD patients who had undergone other physical treatments such as modified electroconvulsive therapy
(MECT) and repetitive transcranial magnetic stimulation (rTMS), as well as had received formal psychotherapy prior to
enrollment were also excluded. All participants underwent inquest the case history and physical examinations, and those
with abnormal results were excluded. Finally, 115 patients with BD were screened; finally, 90 patients were included for
analyses. Only 25 participants were excluded due to patients with BD in depressive or manic phase and (6 patients),
failure to complete the assessment (2 patients), lack of interest (3 patients), and undergo other physical treatments (14
patients).

The study protocol was approved by the Ethics Committee of Tianjin Anding Hospital (ethics committee registra-
tion number: 2019-20). Written informed consent was obtained from all participants. This study was registered on
http://www.chictr.org.cn/ (Identifier number: ChiCTR1900025993), and the registration date was September 17, 2019.

Assessments and Materials

The basic demographic information of the participants, including age, gender, education levels, marital status, occupa-
tion, duration of BD, BD subtype, family history, and medications, was collected via an interview. The mood symptoms
were assessed using the HDRS-17 and YMRS both at baseline and week 12 for all participants. The HDRS-17 assesses
recent depressive symptoms and severity with 17 items scored between 0 and 4.>* YMRS consists of 11 items scored
from 1 to 5 points to evaluate manic symptoms and severity.*> Higher scores indicate more severe symptoms in both the
HDRS-17 and YMRS.

The neurocognitive assessment tool used The MATRICS Consensus Cognitive Battery (MCCB), which
included: (1) The speed of processing: Trail Making Test-A (TMT-A) and the Brief Assessment of Cognition in
Schizophrenia-Symbol Coding (BACS-SC); (2) Verbal learning and visual memory: Hopkins Verbal Learning
Tests-Revised (HVLT-R), Brief Visuospatial Memory Test-Revised (BVMT-R) and Wechsler Memory Scale-111
(WMS-III). (3) Verbal Fluency Test (VFC): Response fluency. (4) Reasoning and problem solving skills: Maze
test. (5) Attention/ alertness: Continuous Performance Test-identical pairs version (CPT-IP). (6) social cognition:
Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT). The standard T-scores were recorded for each
dimension, with a lower score indicating more severe cognitive impairment. Previous findings highlight the
excellent psychometric properties of the Chinese version of MCCB and demonstrate its effective application in
BD.36:37

All assessments were conducted in quiet, private rooms with minimal distractions. Each participant was tested
individually and instructed to sleep well (as much as possible) the night before assessments and to entirely avoid use
of alcohol or non-prescribed drugs on the day of assessments. Cognitive tests were undertaken as close as possible to 14
PM to standardize daily fluctuations in alertness.*®

Serum BDNF/TrkB Concentration Testing

We collected blood samples (10 milliliters) from euthymic BD patients to determine serum BDNF and TrkB levels both
at baseline and week 12. Blood samples were collected into anticoagulant-free tubes between 7 and 8 AM and
immediately transferred to the laboratory for serum preparation. The blood samples were divided into two aliquots,
one for BDNF and the other for TrkB testing. To decrease possible variability, all blood samples were processed within
1 hour of being collected. After 1-hour incubation, the serum sample was separated by centrifugation and stored at —80°C
for further analyses. Analyses were performed by commercial ELISA kit (Promega, USA) using a commercial kit
according to the manufacturer’s instructions (ChemiKine, Millipore).”> BDNF and TrKB measurements for each
participant were performed in duplicates by investigators who were blind to the state of participants. A calibrator and
positive control were provided with each ELISA kit. The coefficients of inter-assay and intra-assay variations were both
below 10%.
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Randomization and Blinding

This is a randomly controlled, 12-week intervention study. All enrolled patients were randomly assigned to the FR group
and the treatment as usual (TAU) group using a computer-generated list of random numbers by an independent
statistician. This was stored on paper and kept in an opaque sealed envelope that was opened by the research coordinator
at randomization to keep the allocation confidential. Furthermore, group allocation was kept confidential to patients and
all researchers before enrollment. The sequence was randomly generated by the website www.sealedenvelope.com.

Participants, FR trainer, and physicians were not blinded, whereas assessors and data analyst level were masked to
randomization probabilities.

Procedures and Treatments

FR was developed initially by Dr. Vieta to promote cognitive impairments in patients with BD.*’ According to the FR
manual program, FR consists of 21 sessions and focuses particularly on psychoeducation on cognitive deficits, improving
attention, memory, executive functions, and their impacts on daily life. Attention and memory training sessions mainly
need to be completed within 12 weeks, while other training sessions should be finished between 12 weeks and the
endpoint.*' The FR was conducted for 90 minutes in each session, once a week, with 6-8 participants per group. In our
study, FR intervention focused on the improvement of attention, memory, and partial executive function. Given this, our
study utilized a modified version of the original FR program with 12 sessions to be appropriate and relevant to all
subjects to achieve targeted cognitive improvements in a shorter timeframe. These 12 training sessions consisted of the
following three phases: (i) general introduction of FR, (ii) understanding cognitive impairment, (iii) cognitive training
attention, memory, and partial executive functions. Each session lasted one and half hours, and the sessions were held
weekly. Our previous findings have evidenced the effectiveness of this modified FR on psychosocial function in BD
patients.*> Adherence to the FR protocol was closely monitored throughout the intervention. Participants were regularly
reminded about the schedule and importance of attending each session, and attendance was recorded for every session.
Additionally, only one same psychiatrist responsible for the FR intervention who underwent rigorous training provided
by senior psychologists and were regularly supervised throughout FR. Furthermore, the last minutes of each session are
dedicated to explaining the following week’s homework. Relatives are asked to encourage the patient to attend the
sessions and do the homework, and to promote his or her autonomy whenever possible. Periodic checks will be
conducted to ensure participants in FR group were engaging with practice. These measures adherence to the FR protocol
was monitored and integrity of its delivery. The effectiveness of the programme is assessed using a comprehensive
neuropsychological assessment and measures of functionality.’

The TAU group received 12 weeks of regular medication treatment. During this period, patients were assessed for
various aspects, including the severity of clinical symptoms per session, serum BDNF/TrkB levels, and cognitive
function both at baseline and endpoint. All participants were assessed by one experienced psychiatrist who was blinded
to the intervention conditions. All participants received pharmacological treatment following guidelines for the manage-
ment of BD, which included MS such as valproates, lithium carbonate, and lamotrigine, as well as atypical antipsychotic
drugs like olanzapine, risperidone, quetiapine, and aripiprazole. Some sedative-hypnotic medications, specifically
zopiclone (7.5 mg/day) and zolpidem (5-10 mg/day), were prescribed for insomnia. Intermediate- to long-acting
benzodiazepines, such as clonazepam and alprazolam, were excluded due to the presence of cognitive impairment.

Statistical Analysis

Date was analyzed using SPSS version 16.0 for Windows (SPSS, Chicago, IL, USA). A chi-square test or Fisher’s Exact
Test, and an independent-sample #-test were applied to compare the demographic and clinical variables, and ratio of
chosen medications between the FR group and the TAU group, respectively. Additionally, an independent samples #-test
was conducted using baseline data to compare differences in the HDRS, YMRS scores, cognitive function, as well as
serum BDNF and TrkB levels between groups. Repeated-measures analyses of variances (ANOVA) were conducted to
assess the impact of the two different interventions on HDRS, YMRS scores, serum BDNF and TrkB levels, and
cognitive function from baseline to the postintervention assessments. The intervention-by-time interactions were ana-
lyzed to examine the effects within and between groups. Tukey post hoc tests were performed to compare the endpoint
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variables between groups. We used Mauchly’s test of sphericity as a fundamental assumption for repeated measures
ANOVA. If the assumption was violated, a Greenhouse—Geisser correction was applied. After controlling for age,
educational level, and duration of BD, Partial correlation analysis was used to assess the correlation between changes in
the serum BDNF/TrkB levels and the cognitive function in BD patients. All statistical tests were two-tailed, and the alpha
was set at 0.05.

Results

Demographic Characteristics
We recruited a total of 90 euthymic BD patients for our study. Nine BD patients were excluded: four from the FR group
and two from the TAU group due to unwillingness to continue the 12-week intervention and relapse, and two from the
FR group and one from the TAU group due to incomplete assessments and serum sample testing. There were no
differences in any variables, including baseline sociodemographic and clinical characteristics, between the excluded
patients and those included (all p s > 0.05). A total of 81 participants, comprising 39 patients in the FR group and 42
patients in the TAU group, completed the final assessments, serum BDND and TrkB detection and 12-week intervention.
Figure 1 illustrates the patient disposition for the present post-hoc analyses. Although variables were not considered for
the randomization assignment to both groups, allocation was balanced between groups.

No significant differences were observed in age, gender, educational levels, marital status, occupation, family history,
BD subtypes, and duration between the FR and TAU groups. Also, no significant differences were found in the ratio of
MS and combined atypical psychotic medications between groups (p s> 0.05). See Table 1.

Comparisons of Clinical Variables Between the Groups at Baseline

We conducted independent samples #-tests to analyze baseline data on clinical variables, comparing HDRS, YMRS,
serum BDNF, and TrkB levels between the FR and TAU group. There were no significant differences observed in HDRS
(5.1£2.9 vs 5.443.5, t = 0.01, p = 0.99), YMRS (2.3£1.9 vs 2.6£2.0, t = 1.48, p = 0.14), serum BDNF levels (14.4+1.3

Total Sample: n= 90

TAU n=45

~

Discontinued: Discontinued:

withdrawal/relapse: n=4 withdrawal/relapse: n=2

Incomplete Incomplete

assessment/serum assessment/serum

sample testing: n=2 j sample testing: n=1

Completed:
n=39

Completed:
n=42

Figure | Flow-chart for post-hoc analyses BP patients.
Abbreviations: FR, functional remediation; TAU, treatment as usual.
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Table | Demographic Characteristics of All Participants

Contents FRT Group (n=39) | TAUT Group (n=42) | ti)’ p value
Age (years)* 323493 36.5+13.8 —1.58 | 0.12
Sex (male/female) 0.44 0.51
—Male (n, %) 13 (33.3%) 17 (40.5%)

—Female (n, %) 26 (66.7%) 25 (59.5%)

Education levels (year)a* 14.2+2.8 13.4£2.9 1.31 0.20
Marriage (n, %) 0.27 1.00
—Married 16 (41.1%) 16 (38.1%)

—Single 21 (53.8%) 23 (54.8%)

—Divorce 2 (5.1%) 3 (7.1%)

Occupation (yes/no) 26/13 30/12 0.22 0.64
Family history (nofyes) 36/3 38/4 0.09 0.77
BD subtype (I /Il type) 26/13 29/13 0.05 0.82
Duration of illness (year)* 9.1%£6.3 9.2£10.7 —0.05 | 0.96
Current duration (month)* | 3.9+4.] 3.5+26 0.51 0.6l
Mood stabilizer (n, %) 0.03 0.98
Lithium Il (28.2%) 12 (28.6%)

Valproate 22 (56.4%) 23 (54.8%)

Lamotrigine 6 (15.4%) 7 (16.6%)

Combined SGA™ (n, %) 0.15 | 1.00
Olanzapine 9 (23.1%) 10 (23.8%)

Risperidone 12 (30.7%) 13 (31.0%)

Quetiapine 15 (38.5%) 16 (38.1%)

Aripiprazole 3 (7.7%) 3 (7.1%)

Notes: *: Mean+SD; a: Fisher’s Exact Test.
Abbreviations: {: FR, functional remediation; TAU, treatment as usual; SGA, atypical psychotic drug.

ng/mL vs 14.5+1.4 ng/mL, ¢ = —0.60, p = 0.55) and TrkB levels (4.1£0.7 ng/mL vs 4.24+0.6 ng/mL, t = —0.84, p = 0.41)
between the groups.

Using baseline data, we found that the FR group had higher scores on MSCEI in MCCB compared to the TAU group
(44.1£3.2 vs 42.1£5.0, p=0.04). However, there were no statistically significant differences in other domains of MCCB
scores between groups, including TMT-A (41.2+10.2 vs 39.949.8, p = 0.58), BACS (41.845.6 vs 40.5+10.4, p = 0.50),
HVLT-R (41.244.2 vs 40.0£5.9, p = 0.31), CPT (41.7+11.1 vs 43.2+8.3, p = 0.51), MWS (43.34£9.1 vs 43.3£9.3, p =
1.00), BVMT (49.4£10.3 vs 45.4%11.9, p = 0.11), Fluency (45.5£10.6 vs 44.5£8.9, p = 0.65), and Mazes (42.7£8.3 vs
44.448.1, p = 0.35).

Clinical Variables Improvement from Pre- to Postintervention
We conducted repeated-measures analyses of variance to assess changes in clinical variables over 12 weeks. Specifically,
we compared pre- and post-intervention assessments of HDRS, YMRS, MCCB, serum BDNF and TrkB levels. Our
results showed significant changes in HDRS, YMRS, serum BDNF and TrkB levels over the 12 weeks in both the FR and
TAU groups (all p5<0.05). When examining the interaction between the group and time (from baseline to week 12), the
FR group showed greater improvement in serum BDNF (F = 5.88, df=1, p =0.018) and TrkB (F = 6.47, df=1, p = 0.013)
levels compared to the TAU group. See Figure 2. These significant effects on serum BDNF and TrkB levels were
observed after controlling for confounding variables (age and duration), while we did not observe differences in changes
in HDRS and YMRS scores between the groups. Additionally, when Tukey post hoc tests were performed, the FR group
did not show significantly differences in endpoint scores of HDRS, YMRS, nor in serum BDNF and TrkB levels
compared to the TAU group. (all p 5> 0.05).

Our results showed that all domains of MCCB, except for MWS, BVMT and MSCEIT, exhibited statistically
significant differences over the 12 weeks in both FR and TAU groups (all p’s < 0.05). When the interaction between
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Figure 2 The comparisons of all variables between/within groups. *p<0.05.
Abbreviations; FR, Functional Remediation; BDNF, Brain-derived neurotrophic factor; TrKB, tyrosine kinase receptor B.

the group and time (from baseline to week 12) were analyzed, the FR group exhibited greater improvement in TMT-A,
BACS, HVLT and CPT compared to the TAU group (all p’s < 0.05). At the endpoint, the FR group showed significantly
higher scores than the TAU group in TMT-A, BACS, HVLT, BVMT, and MSCEI (all p’s < 0.05). See Table 2.

Associations of Cognitive Function and Serum BDNF/TrkB Levels

Using baseline data, Pearson correlation analysis showed no correlation between serum BDNF/TrKB levels and age,
educational years, duration of BD, and all domains of MCCB (all p5> 0.05) among all patients with BD. After
controlling for age, educational level, and duration of BD, partial correlation analysis yielded that changes in serum

Table 2 The Comparisons of All Variables Between/Within Groups

FRT Group (n=39) TAUT Group FIT (Within Group) | F2' (prepost*group) | F3' (Between Group)
(n=42)

Pre- Post- Pre- Post- (p value) (p value) (p value)
HDRS™ 5.1+2.9 4.1£2.1 5.4+3.5 4.0+£2.0 8.62 (0.004) 0.17 (0.684) 0.07 (0.793)
YMRSH* 2.3%1.9 1.8£1.4 | 2.612.0 1.9+1.5 5.31 (0.024) 0.06 (0.807) 0.50 (0.480)
BDNF!™ (ng/mL) | 14.4£1.3 17.6+£1.3 | 14.5%1.4 17.0£1.5 | 298.51 (<0.001) 5.88 (0.018) 0.71 (0.403)
TrkBY (ng/mL) T | 4.1£0.7 5.6+0.5 | 4.21+0.6 5.410.5 306.92 (<0.001) 6.47 (0.013) 0.47 (0.495)
MccBt*
TMT-A™ 41.2+£10.2 | 50.4+6.0 | 39.919.8 44.2+3.6 | 40.21 (<0.01) 5.35 (0.02) 7.04 (0.01)
BACSH 41.845.6 | 52.5%7.4 | 40.5+10.4 | 46.2+4.2 | 51.62 (<0.01) 4.94 (0.03) 10.95 (<0.01)
HvLTH 412442 | 51.744.2 | 40.0+5.9 46.0+3.2 | 11.40 (<0.01) 8.77 (<0.01) 30.03 (<0.01)
cpT 41.7£11.1 | 51.445.8 | 43.2+8.3 45.7+2.5 | 30.84 (<0.01) 10.56 (<0.01) 2.76 (0.10)
Mwst 43.349.1 45.2+2.7 | 433193 44.612.6 | 2.54 (0.12) 0.09 (0.77) 0.09 (0.76)
BYMT™ 49.4£10.3 | 50.612.6 | 45.4+11.9 | 48.413.1 | 3.44 (0.07) 0.64 (0.43) 4.89 (0.03)
Fluency* 45.5+10.6 | 48.4+3.6 | 44.518.9 46.412.4 | 4.35 (0.04) 0.22 (0.64) 1.82 (0.18)
Mazes* 42.718.3 44.9+2.0 | 44.418.1 46.0+3.7 | 4.45 (0.04) 0.13 (0.72) 1.79 (0.19)
MSCEIt 44.1£32 | 448434 | 42.115.0 42.5+2.5 | 0.94 (0.34) 0.10 (0.76) 12.60 (<0.01)

Note: *: Mean%SD.

Abbreviations: : FR, functional remediation; TAU, treatment as usual; Fl represents differences of change within the group, F2 represents interaction of prepost*group
(pre: before intervention, post: after intervention), F3 (posthoc tests) represents endpoint differences between the two groups, YMRS, Young Mania Rating Scale; HDRS,
Hamilton Depression Rating Scale; BDNF, brain-derived neurotrophic factor; TrkB, tyrosine kinase receptor B; MCCB, The MATRICS Consensus Cognitive Battery; TMT-A,
Trail Making Test-A; BACS-SC, the Brief Assessment of Cognition in Schizophrenia-Symbol Coding; HVLT-R, Hopkins Verbal Learning Tests-Revised, BVMT-R, Brief
Visuospatial Memory Test-Revised; WMS- Ill, Wechsler Memory Scale-lll. VFC, Verbal Fluency Test; CPT-IP, Continuous Performance Test-identical pairs version;
MSCEIT, Mayer-Salovey-Caruso Emotional Intelligence Test.
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r=0.368, df = 39, p = 0.021 r = -0.407, df = 39, p = 0.010
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Figure 3 Associations between changes in MCCB domains and changes in serum levels of BDNF/TrKB in FR group.
Abbreviations: BDNF, brain-derived neurotrophic factor; TrkB, tyrosine kinase receptor B; MSCEIT, Mayer-Salovey-Caruso Emotional Intelligence Test.

BDNF levels were significantly associated with changes in Mazes (r = —0.407, df = 39, p = 0.010). See Figure 3A.
Additionally, there was a positive association between changes in MSCEI and changes in serum TrKB levels (» = 0.368,
df =39, p = 0.021) in the FR group. See Figure 3B.

Discussion

This randomly controlled, 12-week intervention study aimed to examine the impact of FR on changes in serum BDNF
and TrkB levels and cognitive measures among euthymic patients with BD. We compared the differences in serum
BDNF, TrkB levels, cognitive function, and emotional symptoms between FR and TAU group over time. Our findings
revealed that both the FR and TAU groups significantly decreased scores on HDRS-17, YMRS, but also increased serum
BDNF and TrkB levels over 12 weeks intervention. Furthermore, the FR group showed significantly greater improve-
ments in cognitive function (TMT-A, BACS, HVLT, and CPT), as well as serum BDNF and TrkB levels compared to the
TAU group. While post-treatment scores for TMT-A, BACS, HVLT, BVMT, and MSCEI in the FR group were
significantly higher compared to those in the TAU group, but no differences were found in endpoint HDRS-17,
YMRS, serum BDNF, and TrkB levels. It was very noteworthy that changes in serum BDNF levels were negatively
associated with Mazes, whereas changes in TrKB levels were positively associated with MSCEI under FR intervention.
Our results are largely consistent with our study hypothesis, especially highlighting the potential link between improved
levels of BDNF and cognitive functioning.

We randomly assigned all participants to the FR group and the TAU group based on a computer-generated list of
random numbers, ensuring the balance for demographic and clinical variables, and medication conditions between the
groups, but due to randomness, there may still be some differences in certain characteristics. Thus, no baseline group
differences were found between groups in HDRS-17, YMRS, serum BDNF and TrkB level, and all dimensions in MCCB
except for MSCEI. Although participants were assigned randomly to control distribution of the medication treatments to
minimize bias, the possible effect of MS and antipsychotics on cognitive performance and BDNF/TrKB levels should be
considered. A finding showed that psychotropic medications could worsen cognitive performance, such as attention and
memory ability.*® In addition, treatment with lithium or valproate can increase BDNF levels in euthymic BD patients.**
Antipsychotics could have had varying effects on the BDNF levels in patients with SCZ.*> Given BDNF and TrKB has
been associated with cognition functioning in BD,**** more convincing results involved patients only treated with FR
but no medication. But our results have reliability as well. Furthermore, our findings demonstrated that both the FR and
the TAU intervention could sequentially decrease HDRS-17 and YMRS scores in euthymic BD patients within 12 weeks,
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indicating both FR and TAU intervention can alleviate depressive and manic emotions. However, no significant
difference in changes of depressive and manic symptoms was detected between groups, suggesting that the FR
intervention had a limited effect on sustained improvement of emotional symptoms during euthymic period. Akin to
prior findings, Bonnin et al found no greater improvement in depressive and manic symptoms following a 6-month FR
treatment phase compared to psychoeducation and TAU in euthymic BP patients.”* This may be attributed to two factors:
firstly, BD patients in euthymic state remained clinically stable, making it unlikely to show significant improvement in
emotional symptoms; and secondly, FR was not specifically developed to relieve emotional symptoms but rather to
improve neurocognitive deficits and daily functioning.’

In patients with BD in the euthymic phase, the cognitive domains most affected are memory, attention, and executive
function.*® A review indicated that certain interventions, such as lurasidone, lamotrigine, and CR, can effectively
enhance functioning.*’” Our findings revealed that both FR and conventional medication treatments could improve
cognitive impairment, specifically in speed of processing, verbal learning, visual memory, and social cognition. FR is
effective at improving verbal memory in a sample of neurocognitively impaired patients with BD at a 6-month follow-
up.*® Furthermore, improvements in attention, working memory, and speed of processing were sustained even after
a l-year follow-up in patients with BD receiving FR interventions.> A study involving 72 patients with BD found
improvements in cognitive performance, including processing speed, visual learning and memory domains, as well as the
composite score, following a 70-hour computerized CR program, and efficacy maintained over 6 months post-
intervention.*® Our results were similar to previous studies, we found that scores on TMT-A, BACS, HVLT, BVMT,
and MSCEI were significantly higher in the FR group compared to the TAU group after the 12-week treatment. This
demonstrates that FR could effectively enhance cognitive functioning in euthymic patients with BD. Furthermore, the
improvements in TMT-A, BACS, HVLT, and CPT scores were significantly greater in the FR group than the TAU group
after 12-week treatment, supporting the notion that FR plays a crucial role in enhancing speed of processing, visual
memory, and attention/alertness in euthymic BD patients. But Torrent et al noted that while the FR group did not show
significant effects on neurocognitive variables, it effectively improved psychosocial functioning in euthymic BD patients
compared to the TAU group.”® Additionally, Demant et al found no improvement in overall cognitive following a 12-
week CR intervention.”' These inconsistent outcomes may stem from variations in neuropsychological assessment tools,
illness duration, and intervention protocols. Therefore, fine-grained studies are needed to confirm these findings in
patients with BD.

To date, the association between BD and BDNF remains inconsistent and even contradictory.’>>* A recent meta-
analysis revealed that peripheral BDNF levels decrease during manic and depressive episodes but do not significantly
change during euthymic periods in patients with BD,’*> but BDNF levels decrease in euthymic patients with BD in
another study.'® Although our study did not directly compare serum BDNF levels between patients with BD and healthy
controls (HCs), we found that both pharmacological and FR treatments led to an increase in BDNF levels. This suggests
that BDNF plays a crucial role in the treatment of BD patients. In addition, our findings revealed that FR group obviously
enhanced peripheral concentrations of BDNF compared to TAU group. Data from previous studies suggest an association
between BDNF and cognitive function. For example, increasing serum BDNF levels may be a crucial factor in alleviating
cognitive impairment.”*>* Additionally, BDNF can serve as a biomarker for cognitive recovery in patients with SCZ.>
Vinogradov et al identified BDNF levels as biomarkers for the effects of CR on cognitive enhancement.”> Another
finding evidenced that aerobic exercise can induce a state of neuroplastic readiness in the brain by upregulating BDNF,
thereby enhancing the effectiveness of CR in patients with SCZ.>° Based on our results, it is reasonable to infer that FR is
likely to enhance cognitive performance through the increasement of serum BDNF levels. Additionally, our findings
provide further evidence for the efficacy of FR as a valuable treatment in euthymic patients with BD. Another related
study demonstrated that both FR and TAU improved depressive and manic symptoms without a significant increase in
BDNF levels.?* These inconsistent outcomes could be attributed to differences in recruited subjects, mediation, duration
of BD, psychological interventions, and other factors. Further research is needed to explore the underlying confounding
factors involved in the relationship between FR interventions and changes in BDNF concentrations.

A previous study showed that serum TrkB levels were lower in BD patient than in HCs,”’ and these levels might be
associated with manic and depressive-like behaviors in BD.?® The serum TrkB levels may distinguish BD from panic
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disorder (PD) and SCZ,”’ suggesting that TrkB is a key biomarker in BD. However, to our knowledge, no studies have
yet focused on changes in TrkB levels following FR intervention in patients with BD. In this study, serum TrkB levels
increased after treatment in both groups, consistent with our hypothesis. Moreover, TrkB concentrations were signifi-
cantly higher in the FR group compared to the TAU group, indicating that elevated TrkB levels may be involved in the
cognitive improvement following FR treatment.

Furthermore, we also found that TrKB levels did not exhibit significant correlation with the impairment of cognitive
function in all participants, while changes in MSCEI positively correlates with changes of serum TrKB levels in FR
group, indicating that improvement in social cognition is associated with the increase in TrKB levels. A mice model
suggested that upregulation of TrkB expression might improve cognitive function.”” Acute microinjections of TrkB
agonists into the medial prefrontal cortex and chronic antidepressant treatment ameliorated the social behavior and
cognition.>® Kim et al also found that the increased expression of TrkB was associated with improved cognitive function
by regular exercise.’® Another finding demonstrated that BDNF and TrkB transcripts decreased in the hippocampus and
striatum in BD patients, respectively,”® and BDNF-TrkB signaling has been shown to ameliorate cognitive deficits,*’
highlighting the critical role of BDNF and TrkB in cognitive performance. Therefore, our findings support that FR could
reverse serum TrkB levels and thereby contribute to enhancing cognitive functioning. While pharmacological interven-
tion showed limited improvement in BDNF and TrkB concentrations, consistent with a previous finding, which displayed
that pharmacological treatment is less likely to restore cognitive impairment in patients with BD.°

Our results did not find a meaningful association between serum BDNF levels and each dimension of cognitive
function. Similarly, another study concluded that there was no correlation between plasma BDNF levels and deficits in
neurocognitive function in euthymic BD patients.®’ But a previous study indicated that serum BDNF levels were
correlated with executive functioning, verbal memory and verbal fluency in patients with BD.?> A study on 12-week
pharmacological treatment in patients with BD showed a significant positive correlation between changes in plasma
BDNF levels and improvements in executive function.®? Sun et al pointed out a significantly positive association between
the increase of serum BDNF levels and memory and attention improvement after treatment in patients with SCZ.%>%?
A review®* pointed out that CR could reverse deficits of frontal cortex, thalamus, hippocampus, and amygdala, which are
crucial to enhance problem-solving performances. We inferred that changed BDNF levels may benefit to problem-solving
ability based on FR intervention. However, our finding showed that changes in serum BDNF levels were significantly
negative associated with changes in Mazes. The inconsistent results may be related to differences in assessment tools, the
duration of BD and interventions. In addition, rats exposed to maternal deprivation in early childhood showed functional
deficits in memory and cognitive flexibility, as well as reduced BDNF expression in the hippocampus. After environ-
mental enrichment intervention, rats were able to protect their memory and cognitive flexibility, and hippocampal BDNF
expression levels were restored to normal levels.®> Increased hippocampal volume translates to improved memory
function and higher serum BDNF.%® Therefore, we speculate that FR can increase BDNF levels in hippocampus to
improve cognition functioning, which can provide a new insight into the mechanism of FR intervention. In addition, the
improving effect of MS on cognitive function in patients with BD is an unavoidable confounding factor. Future studies
need to control for confounding factors to verify these findings.

However, this study has some limitations. First, although the distribution of the medication treatments was controlled
for between the groups using randomized method, the possible effect of MS and antipsychotics on intervention outcomes
remained unavoidable. For example, different antipsychotics and lithium could have had varying effects on the BDNF
levels.***” Second, the 12-week observation period may not fully elucidate the long-term effects of the FR intervention
on clinical symptoms, BDNF and TrkB levels. For instance, a 6-month study consisting of 21 weekly sessions reported
no significant increase in BDNF levels underlying the treatment of FR compared to the TAU group,>* Additionally,
shorter intervention period may weaken the correlates between changed BDNF levels and other cognitive domains.
Therefore, future studies should consider longer-term effect under FR intervention. Third, we did not establish healthy
controls to demonstrate changes in serum BDNF and TrKB levels in our study, which distinguishing between normal
variations and changes specifically related to serum BDNF and TrKB levels becomes challenging. For future research, it
is crucial to include a control group to enhance the reliability and interpretability of results, providing a clearer
understanding of the impact of variables. Fourth, testing serum BDNF/TrKB levels at baseline and week 12 may not
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capture more granular changes over time to better understand the dynamics of BDNF/TrKB fluctuations. Further study
should take it into account based on whole 21-weeks intervention. Last but not least, the sample size in our study was
insufficient to examine the generalizability and may have weakened the statistic power when analyzing the biomechan-
isms of FR treatment in BD. As such, future studies with larger samples are warranted.

Conclusion

This study mainly examined the impact of FR on improving serum BDNF and TrkB levels among euthymic patients
with BD. Our findings indicate that the FR significantly improved serum BDNF and TrkB levels, but did not affect
affective symptoms over time. Therefore, a potential biological mechanism of FR intervention may involve the
improvement of serum BDNF and TrkB levels, providing new perspectives for improving cognition functioning in
euthymic patients with BD and a promising treatment strategy. Future research should focus on refining the FR
therapeutic protocols and optimal treatment duration, exploring the role FR may play over the long term in cognition
functioning without the intervention effects of medication treatment, and accumulating good-quality evidence to
inform clinical practice.
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