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Objective: Clinical and biological correlates of resilience in major depressive disorder are scarce.
We aimed to investigate the effect of the Val®®Met polymorphism in the BDNF gene on resilience
scores in major depressive disorder patients and evaluate the polymorphism’s moderation effect on
resilience scores in response to cognitive therapy.

Method: A total of 106 major depressive disorder patients were enrolled in this clinical randomized
study. The Resilience Scale and the Hamilton Rating Scale for Depression were applied at baseline,
post-treatment, and at six months of follow-up. Blood samples were obtained at baseline for molecular
analysis.

Results: The baseline resilience scores were higher in patients with the Met allele (114.6=17.6) than
in those with the Val/Val genotype (104.04+21.05; p = 0.037). Cognitive therapy treatment increased
resilience scores (p < 0.001) and decreased depressive symptoms (p < 0.001). In the mixed-effect
model, the Val/Val genotype represented a decrease in resilience scores (t>1g = -1.98; p = 0.048), and
the Val®®Met polymorphism interacted with sex to predict an increase in total resilience scores during
cognitive treatment (f>1g = 2.69; p = 0.008).

Conclusion: Our results indicate that cognitive therapy intervention could improve resilience in
follow-up, considering that gender and genetic susceptibility are predicted by the Val®®Met

polymorphism.
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Introduction

Major depressive disorder (MDD) is a severe and recur-
rent disorder linked to functional impairment, poor quality
of life, medical morbidity, and mortality." The etiology of
MDD is complex and may involve the interplay of multiple
environmental and genetic factors.?2 The way individuals
react and respond to life adversities (resilience) corre-
sponds to increased vulnerability to psychiatric disorders
such as MDD.

Resilience refers to a person’s ability to adapt suc-
cessfully to acute stress, trauma, or chronic forms of
adversity. Studies suggest that, as an adaptive process,
stress resilience may change over time due to develop-
mental and environmental factors.® A resilient individual,
tested by adverse events, demonstrates adaptive psy-
chobiological stress responses, or psychobiological
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allostasis. Although the psychosocial and social determi-
nants of resilience are well defined,* the biological
underpinnings of resilience have just begun to be
characterized. These efforts have focused on peripheral
neuroendocrine changes predictive of resilience or on
genetic variations that are linked with resilient outcomes.

Brain-derived neurotrophic factor (BDNF) is a member
of the nerve growth factor family and is one of the
most abundant neurotrophic factors in the brain. Although
it plays an essential role during development in the
guidance, functioning, and survival of neurons, it is also
highly expressed in the adult brain, playing a role in brain
plasticity and neuronal survival.® BDNF is regulated
at multiple levels, including transcriptional regulation of
messenger RNA (mRNA), as well as activity-dependent
release from nerve terminals. Decreased BDNF levels
and expression could reduce neuroplasticity and
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neurogenesis in the hippocampus after acute and chronic
stress, and they have been associated with depressive
symptoms in pre-clinical and clinical studies.® Typical
antidepressant treatment increases BDNF mRNA expres-
sion in the hippocampus and cortical regions,” as well
as significantly increases blood levels of BDNF in MDD
patients.® Importantly, results from a genetic rat model
support the hypothesis that reduced BDNF/trkB signaling
in the hippocampus could contribute to greater vulner-
ability to stress-induced depression.® Moreover, stress-
ful early life experiences may induce adaptive plasticity,
including increased BDNF expression after acute stress,
which, in adolescent rats, was found to influence coping
strategies and the response to an acute stress
challenge.™®

A functional BDNF polymorphism, Val®®Met is found in
25-30 percent of humans,'"'? and results in decreased
processing and trafficking of BDNF transcripts to den-
drites.®'® There is evidence that Met carriers exposed
to early life stress or trauma are at increased risk for
depression and present hippocampal volume alterations
when exposed to childhood adversity.'* However, a
meta-analysis reported no association between Val®®
Met polymorphism and reduced hippocampal volume in
neuropsychiatric patients.'® Paradoxically, clinical studies
indicate a higher incidence of depression in Val carriers
and greater antidepressant response rates in Met
carriers.'® Only one study has thus far evaluated the
association between Val®®Met polymorphism and resi-
lience, finding higher scores in participants with the
Met allele.’” These contradictory findings suggest the
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importance of genetic and environmental studies in MDD
patients. Thus, the present study aims to assess the effect
of the BDNF Val®*Met polymorphism on resilience scores,
as well as to evaluate the impact of this polymorphism on
resilience scores in response to cognitive therapy.

Methods
Study design and participants

This randomized clinical trial included young adults (aged
18-29 years) diagnosed with MDD according to the
Structured Clinical Interview (SCID) for DSM-IV.'® The
participants were recruited through advertisements in local
community health centers and psychosocial assistance
centers and were enrolled between June 2010 and June
2012. The patients in current psychiatric or psychological
treatment, at risk of suicide, or who met the criteria for
psychoactive substance abuse were excluded from the
study and referred to other treatment facilities.

The study included 120 patients, who were randomized
between two models of psychotherapy: cognitive beha-
vioral therapy (CBT) or cognitive narrative therapy. Six
individuals were excluded due to suicide risk and eight
due to amplification failure during molecular analysis. Thus,
106 individuals were included in the study, 63 concluded
the psychotherapy, and 57 were followed-up at six months
after treatment, as shown in the flow chart in Figure 1.

The participants were interviewed to collect socio-
demographic data (sex, age, education). Economic status
was assessed using a Brazilian national economic index

Excluded due to lost biological sample (n=8)
Excluded due to suicide risk (n=6)

Abandoned treatment (n=20)
Did not begin treatment (n=19)
Excluded due to suicide risk (n=4)

Lost to follow-up due to change of
address or telephone (n=6)

Figure 1 Patient flow chart. CBT = cognitive behavioral therapy; CNT = cognitive narrative therapy; MDD = major depressive

disorder.
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based on principal component analysis that included the
Brazilian census of 2000 as a parameter. The instrument
assesses 12 assets and the education level of the head of
household.'®

Interventions

Young adults who met the inclusion criteria were
randomized in a clinical study of two models of cognitive
therapy. A researcher not involved in the evaluation
process or the psychotherapeutic interventions performed
the randomization, raffling papers in a manila envelope to
determine which psychotherapy model each participant
would be allocated to.

The CBT handbook was structured according to the
theory of Aaron Beck.2’ This model of psychotherapy
proposes that distorted or dysfunctional thinking, which
influences mood and behavior, is common to all psycho-
logical disorders. Thus, accurate assessment and mod-
ification of thinking should lead to improvements in mood
and behavior. Lasting improvements result from modify-
ing basic dysfunctional beliefs.

The cognitive narrative therapy handbook was struc-
tured following the work of Oscar Gongalves.?! This
model aims to reframe personal narratives by writing a
new biography based on life stories that lost meaning and
became incoherent. The new narratives and interpreta-
tions are integrated into the patient’s personal story in a
coherent and meaningful way.

Both interventions included seven 1-hour weekly
sessions at the Hospital Universitario Sdo Francisco de
Paula, Pelotas, Brazil. Final year undergraduate psychol-
ogy students conducted the sessions. All of the students
received two months of training in 2-hour weekly meet-
ings. Psychologists with training and clinical practice in
the proposed interventions closely supervised the stu-
dents. Supervision sessions discussing all of the cases
were held weekly.

Outcomes

The depressive symptoms and resilience scores were
assessed three times, at baseline, post-treatment, and at
six months of follow-up. The Hamilton Rating Scale for
Depression was used to assess the severity of depressive
symptoms. This instrument includes 17 items that are
classified quantitatively according to symptom intensity.
The total score is the sum of all the items, with higher total
scores indicating greater symptom severity.?? The scale’s
internal consistency coefficients are considered ade-
quate, ranging from 0.83 to 0.94. Its inter-rater reliability
has been found consistent across several studies.?®

The Resilience Scale was used to assess the degree
of individual resilience.?* The scale considers positive
personality traits that increase adaptability and also mea-
sures psychosocial adaption levels from important life
events. It includes 25 items, with responses ranging from
1 (strongly disagree) to 7 (strongly agree). Total scores
range from 25 to 175 points, with higher values indicating
greater resilience.
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Molecular analysis

DNA was extracted from peripheral blood leucocytes by a
standardized salting-out procedure.?®> Genotyping of the
Val®®*Met polymorphism (rs6265) of the BDNF gene was
determined using the forward (GGCTTGACATCATTGGC
TGAC) and reverse (GGTCCTCATCCAACAGCTCTT)
primers and probes in the Human Custom TagMan
Genotyping Assay 40x (Applied Biosystems, Foster City,
CA, USA). One allele probe was labeled with VIC dye and
the other was labeled with FAM dye. The reactions were
conducted in a 96-well plate with a total reaction volume
of 20 ul, using 2 ng of genomic DNA, TagMan Genotyping
Master Mix 1x (Applied Biosystems), and a custom
TagMan genotyping assay 1x. The plates were then
positioned in a real-time PCR thermal cycler (7500 Fast
Real PCR System; Applied Biosystems) and heated for
10 min at 95 °C, followed by 45 cycles of 95 °C for 15 s
and 60 °C for 1 min. Fluorescence data files from each
plate were analyzed using automated allele-calling soft-
ware (SDS 2.1; Applied Biosystems).

Statistical analyses

Allelic frequencies were verified by gene counting, and
departures from the Hardy-Weinberg equilibrium were
assessed with the chi-square test. Comparisons of allelic
and genotypic frequencies among groups of patients were
performed with the chi-square test. Sociodemographic
characteristics according to genotype were compared
with an unpaired Student’s ttest or the chi-square test,
as appropriate. Paired one-way analysis of variance
(ANOVA) was used to evaluate the resilience and depres-
sive symptom scores at baseline, post-treatment, and at
six months of follow-up. A linear mixed-effect model was
used to assess the effect of the Val®*Met polymorphism
on resilience scores during cognitive therapy intervention.
Variables with normal distribution are presented as mean
and standard deviation or absolute and relative frequen-
cies. SPSS version 21.0 was used to perform the sta-
tistical analysis, and p-values < 0.05 were considered
statistically significant.

Ethics statement

All ethical procedures set forth in National Health Council
Resolution 196 (October 1996) were followed. The project
was approved by the ethics committee of Universidade
Catdlica de Pelotas (protocol 2009/24) and all participants
signed the informed consent.

Results

A total of 106 individuals were included in the analysis at
baseline. Of these, 83 (78.3%) were female, with a mean
age of 23.75 (+3.4) years. The genotype distribution was
77.4% (n=82) Val/Val and 22.6% (n=24) Val/Met or Met/
Met. Figure 2A shows the efficacy of cognitive therapy for
reducing depressive symptoms at baseline (11.9+3.6),
post-treatment (5.8+4.5), and at six months of follow-
up (8.2+5.3; p < 0.001). Resilience scores increased
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Figure 2 A) HRSD scores and B) resilience scores at baseline, post-treatment with cognitive psychotherapy, and at
six-months of follow-up. Intergroup comparison of means by repeated measures ANOVA (n=57 in each group; p < 0.01).

HRSD = Hamilton Rating Scale for Depression.

Table 1 Sociodemographic and clinical characteristics of depressive subjects at baseline according to Val®®Met genotype

distribution
66
Variables Val”"Mst Genotype p-value
Val/Val Val/Met and Met/Met
Age (years) 23.9+3.3 23.3£3.7 0.491
Sex (%)
Male 20 (87%) 3 (13%) 0.214
Female 62 (75%) 21 (25%)
Therapy abandonment
Yes 36 (84%) 7 (16%) 0.291
No 46 (73%) 17 (27%)
HRSD scores baseline 11.9+3.6 12.1£35 0.781
HRSD scores post treatment 5.8+4.9 5.7+3.3 0.976
HRSD scores follow-up 8.3+5.4 7.7+5.2 0.622
Resilience scores baseline 104.4+21.5 114.6+17.6 0.037
Resilience scores post treatment 123.8+25.0 129.1+17.6 0.427
Resilience scores follow-up 125.3+23.4 124.2+25.7 0.874
Total 82 24

Data presented as mean = standard deviation or n (%) considering the 106 patients evaluated at baseline.

HRSD = Hamilton Rating Scale for Depression.

Bold type denotes statistically significant findings (p < 0.05). The differences were evaluated by Student’s t-test or ¥, as appropriate;
p-values < 0.05 were considered significant for differences in sociodemographic and clinical characteristics between Val®®*Met genotypes.

significantly after the cognitive therapy intervention: from
baseline (106.7+21.0) to post-treatment (125.2+23.2)
to six months of follow-up (125.0+23.9; p < 0.001;
Figure 2B).

The data showed no association between sociodemo-
graphic characteristics, genotypes, and the Val®*Met poly-
morphism (Table 1). Depressive symptom scores did not
differ according to genotype distribution at baseline (p =
0.781), post-treatment (p = 0.976), or at six months of
follow-up (p = 0.622) (Table 1). The baseline resilience
scores were higher in Met allele carriers (114.6=17.6) than
in patients with the Val/Val genotype (104.04+21.05; p =
0.037). No differences were observed in resilience scores
according to genotype distribution at post-treatment (p =
0.427) or after six months of follow-up (p = 0.874) (Table 1).
The genotype distribution of the Val®®*Met polymorphism
agreed with that predicted by the Hardy-Weinberg equili-
brium (32 = 0.45; p = 0.50).

Table 2 shows the mixed-effect model regression
analysis regarding the effects of Val®*Met polymorphism
and sex on total resilience score changes during
cognitive therapy and at six months of follow-up. The
Val®*Met polymorphism had a significant effect on total
resilience scores during cognitive treatment, whereas
Val/Val was associated with decreased resilience scores
(g = -1.98; p = 0.048). Moreover, Val®®*Met and sex
interacted to predict an increase in total resilience
scores during cognitive treatment (f1g = 2.69; p =
0.008).

Discussion

Overall, this study provides evidence that the BDNF
Val®®Met polymorphism could be related to resilience.
The results indicate that cognitive therapy could improve
resilience depending on the patient’s Val®®Met genotype,
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Table 2 Mixed-effects model: the results of change in total resilience scores (n=106) during cognitive therapy; Val®®Met

genotypes x sex interaction effect

Sample characteristics Estimate SE df t-value/z-value p-value
Intercept 137.78 29. 50 218 4.67 < 0.001
Age (centered), years -0.98 1.22 218 -0.80 0.421
Val®®Met
Val/Val -126.83 63.84 218 -1.98 0.048
Met (Ref)
Sex
Male -52.16 33.03 218 -1.58 0.116
Female (Ref)
Val®®Met* sex 185.62 69.00 218 2.69 0.008

df = degrees of freedom; SE = standard error of the parameter estimate.

Bold type denotes statistically significant findings (p < 0.05).

which shows the relevance of genetic and environmental
studies of MDD. Besides genetic, neurobiological, and
epigenetics factors that can interact and affect neuro-
chemical regulation, environmental factors can induce
epigenetic modifications, influencing stress resilience and
risk of psychiatric disorders.2®

The conceptual framework for the present study was
resilience (i.e., the ability to cope with stressful situations
and develop adequate behavioral and psychological
adaptations to chronic stress), which minimizes negative
thoughts in the face of difficult circumstances.?” Therefore,
the development of a psychiatric condition may depend on
both the individual's resilience and the severity of the
stress.?® Indeed, resilience has been shown to mediate the
relationship between traumatic experience and depression,
since some resilient individuals can function exceptionally
well despite traumatic experiences.?® Furthermore, person-
ality, temperament, physical aptitude, and social sup-
port have an important role in individual resilience.*® In
this context, resilience has been considered an unstable
system that arises from intrinsic and environmental factors,
showing new possibilities for therapeutic intervention.?®

Several studies have found an association between
positive emotion and resilience,®' as well as that resi-
lience has moderating effect on depressive and anxiety
symptoms and successful adaptation to stress.®'? In
addition, studies support the idea that resilience can
protect against mental health conditions such as depres-
sion and anxiety.®3 CBT, which is effective in helping
individuals face adversity and develop emotional health,
has also been described as promoting resilience.®*
Accordingly, our results showed the efficacy of cognitive
psychotherapy for both reducing depressive symptoms
and increasing resilience scores in depressive patients.
This shows the importance of therapy for modifying
automatic thoughts, behaviors, and dysfunctional cogni-
tive schemas, as well as for promoting positive coping
responses.

The brain’s plasticity under stress depends on gene-
tic and environmental factors that may be involved in
the development of resilience or psychiatric disorders.®®
Resilience appears to be a neural adaptation to stress
that is probably facilitated by a person’s genetic constitu-
tion. In this context, BDNF, an essential brain factor
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involved in the mechanisms of brain plasticity, appears to
be related to resilience.®® For example, persistent BDNF
alterations after social stress allow neural adaptation in
the amygdala and ventral tegmental area.®” The mod-
ulatory effects of the BDNF Val®®*Met polymorphism on
distinct sub-regions of the prefrontal cortex support the
idea that the Met allele has a reduced surface area in the
anterior cingulate and subregions of the middle frontal
cortices in MDD.3® Moreover, allelic variation in the BDNF
Val®*Met polymorphism suggests specific neural corre-
lates in MDD according to allelic groups, given that
depressive patients with the Met allele showed more
activation in areas associated with the cognitive appraisal
of emotional information than did Val homozygotes.®® In
contrast, a recent meta-analysis suggests that there is no
association between BDNF Val®*Met polymorphism and
hippocampal volumes in neuropsychiatric patients.'®
Our result that the Val®®Met polymorphism had no main
genetic effect on depressive symptoms is in agreement
with previous similar studies, which found mixed or
negative results.*® However, based on experimental
observations brain anatomy and functioning differences
in depressive patients according to BDNF Val®®Met poly-
morphism genotype, we found that Met allele carriers had
higher resilience scores. One recent study showed that
individuals with the Val/Val genotype of this polymorphism
had lower resilience scores in association with higher
adversity and depressive symptoms, while another found
that male carriers of a genetic variation in COMT gene
had lower resilience.'”*® Moreover, our data show an
important interaction between sex, the Val®®*Met poly-
morphism, and resilience, i.e., female Met allele carriers
had higher resilience scores in response to cognitive
therapy. These results could be explained by an interplay
of environmental and genetic factors, which differently
modulate epigenetic mechanisms during psychological
treatment, given that women are more susceptible to
stress and MDD. Moreover, previous meta-analysis
showed that significantly more males with MDD had the
Met allele than male controls, although no differences
between cases and controls were observed for women.*'
However, although the previous study suggested that
MDD patients with the Val homozygote have lower
resilience, our study found that cognitive psychotherapy



treatment is effective in raising total resilience scores
according to genotype. This shows the importance of
environmental and genetic data for a better understanding
of the neurobiology of resilience. According to the
literature, BDNF genotypes can influence the response
to antidepressant treatment, e.g., Met allele carriers have
a better response rate than Val homozygotes.'® It should
be pointed out that the results of these studies were
inconsistent, and distinct responses were found according
to race and time of treatment. Moreover, our study found
an association between the Met allele and enhanced
response to cognitive psychotherapy with respect to
resilience. These data reveal the potential importance of
genetic screening in depressive patients to determine the
most appropriate treatment type.

At this point, it is clear that genetic variations in
combination with external non-genetic factors affect the
regulation and expression of genes through epigenetic
mechanisms that influence protein functions. There is
now evidence that environmental events can directly
modify the epigenetic state of the genome during sen-
sitive developmental periods and possibly in adulthood,
leading to changes in gene expression and neural
function.*> Thus, BDNF Val®®*Met genotypes can be
predisposed to epigenetic alterations, causing suscept-
ibility to (or protection from) environmental adversity.
Based on the results of the present study, we suggest that
the Met allele could be used as a possible predictive
biomarker of resilience and that carriers in at-risk
populations should be considered for personalized treat-
ment. In conclusion, we found that the BDNF Val®®*Met
polymorphism could be associated with resilience, as well
as that cognitive psychotherapy is independently effective
in improving resilience scores and depressive symptoms.
Although our findings reveal the importance of genetic
and environmental studies, they should be considered
with caution due to insufficient power from our relatively
small sample, which could affect the generalizability of our
conclusions. Studying the effects of genetic therapy in
association with psychotherapy could be a promising area
for psychiatric research and contribute to personalized
treatment. Finally, further studies are required to corro-
borate our findings, and the interaction between gender
and BDNF should also be considered in future antide-
pressant pharmacogenetic studies.
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