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Abstract
Cross-species behavioral research suggests that a single nucleotide polymorphism (SNP) in the brain-derived neurotrophic
factor (BDNF) gene (rs6265, Val66Met), influences behavioral inflexibility. This SNP has not yet been linked to variability
in emotion-related behaviors, despite broader evidence suggesting an association may be present. This investigation explored
the role of the BDNF Val66Met polymorphism in emotion response behaviors measured during a lab-based emotional
provocation. Specifically, the influence of BDNF Val66Met in emotion flexibility was explored in a sample of healthy
adults (N = 120), emotion responses were recorded during the emotional provocation on multiple dimensions, in response
to emotionally-evocative videos of negative then positive valence. These results suggest that Met carriers exhibit decreased
parasympathetic responding, and reduced ability to generate positive emotion, relative to Val homozygotes. These findings
are the first to suggest an association between the Met allele and a pattern of responding indicative of emotion inflexibility
that might afford greater risk for psychopathology.
Keywords Brain-derived neurotrophic factor · BDNF Val66Met · Parasympathetic activity · Emotion flexibility · Positive
emotions

Introduction
BDNF and plasticity
Flexible responding to environmental changes, a function
of synaptic plasticity, is a highly adaptive process for which
brain-derived neurotrophic factor (BDNF) is essential.
Synaptic plasticity specifically refers to the strengthening
and weakening of neural synapses in an experience-driven
way, leading to changes in neural circuits and sometimes
to changes in behavior (Holtmaat and Svoboda 2009). For
example, BDNF is central to learning and the ability to override previously learned information with newly acquired
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information (e.g. fear extinction) (Chhatwal et al. 2006;
Johnson and Casey 2015; Rattiner et al. 2004). Importantly,
decreased synaptic plasticity has been identified as a risk
factor for development of emotion-linked disorders, such as
depression and anxiety (Colzato et al. 2011; Duman et al.
2016).
A single nucleotide polymorphism (SNP) (Val66Met,
rs6265) in the pro-region of the BDNF gene has been studied
extensively in both human and rodent models due to its influence on levels of available BDNF protein (Notaras et al. 2015).
The Val66Met polymorphism leads to a substitution of methionine for valine at position 66 of the prodomain region of the
precursor proBDNF protein (leading to the following potential
genotypes in humans: ValVal, ValMet, MetMet). An individual
who carries two Val alleles (genotype ValVal) is often referred
to as Val homozygote, and an individual who carries at least
one Met allele (ValMet or MetMet) is often referred to as a
Met carrier. The substitution of methionine for valine reduces
available BDNF (Liebl et al. 1997) and impairs BDNF secretion in primary hippocampal neurons (Anastasia et al. 2013;
Egan et al. 2003). There has been extensive research aimed at
clarifying the complex relationships between variation in the
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Val66Met polymorphism and emotion-related psychopathology or symptoms (e.g. depression and anxiety). However, the
current literature is mixed (Notaras et al. 2015), likely due to
some methodological limitations and lack of objective measurement of emotion responses. Notably, there are currently no
studies directly testing how Val66Met might influence specific
emotion-related, clinically relevant behaviors (including emotion flexibility).
Emotions have evolved across species for the purpose of
survival and adaptation to the environment (Ekman 1992;
LeDoux 1995). Specific emotions serve discrete functions,
and are adaptive when flexibly limited or matched to the
appropriate context, but can be maladaptive when they occur
outside of the evolutionarily appropriate environment, or in
conflict with individual needs. For example, fear is adaptive
in the presence of threat (Öhman and Mineka 2001). However, outside the context of threat, increased fear reactivity
or generalized fear is typically maladaptive and a hallmark
of anxiety disorders (Graham and Milad 2011). Emotion
flexibility can be defined as the ability to respond to shifting emotional contexts, including environmental contexts as
well as internally elicited emotion (c.f. Ochsner et al. 2009),
with appropriate flexibility of emotional responses, encompassing automatic, implicit as well as deliberate processing.
This includes the ability to generate or up-regulate emotions
in response to contextual factors as well as the ability to
shift or down-regulate emotions as contextual parameters
or features change (Aldao et al. 2015; Bonanno and Burton
2013; Coifman and Almahmoud 2016; Hollenstein 2015;
Kashdan and Rottenberg 2010; Waugh et al. 2011). Emotion flexibility likely depends upon a range of resources
and systems including executive cognitive resources and
autonomic nervous system activity which may contribute
to an individuals’ ability to notice contextual changes, and
then respond to such changes in an efficient manner via one
or several regulatory strategies (for a more comprehensive
review see, Stange et al. 2017). For example, adults with
decreased autonomic flexibility (i.e. decreased parasympathetic activity) have been hypothesized to show a diminished
capacity for emotion flexibility (Porges 1995; Thayer et al.
2009). Emotion inflexibility broadly serves as a risk factor
for psychopathology, such that individuals with decreased
capacity to both generate and modulate emotion responses,
might be more likely to develop emotion linked psychological illness (Coifman and Bonanno 2010; Coifman and
Almahmoud 2016; Kashdan and Rottenberg 2010; Rottenberg et al. 2005).

BDNF reduction and emotion‑linked behaviors
across species
Across species, associations have emerged between reduced
available BDNF and emotion-related behaviors that suggest
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decreased flexibility, and would suggest risk for psychological illness in humans (da Silveira da Luz et al. 2013; Soliman et al. 2010). Much of the current understanding about
the Val66Met polymorphism in humans has been derived
through candidate gene studies, a scientific approach that
has lately received criticism due to instances of insufficient
replication (Koenen et al. 2015; Tabor et al. 2001). However,
evidence from this research suggests consistent relationships
between the Val66Met polymorphism and psychiatric risk.
For example, research conducted over the past decade has
found that carriers of the Met allele at the BDNF Val66Met
polymorphism (leading to reduced BDNF) generally report
more symptoms of emotion-linked psychological disorders
(e.g. depression) (Beevers et al. 2009; Lotrich et al. 2013).
However, evidence of a significant association between the
Met allele and psychiatric symptoms has also been debated
(Notaras et al. 2015; Chen et al. 2008; Lopez-Leon et al.
2008; Verhagen et al. 2010). These mixed findings might
stem from the emphasis in most candidate gene studies on
measuring distal outcomes (e.g. retrospective self-report
of symptoms), rather than specific and objective behavioral response patterns, more likely to be under influence of
genetic variation (Insel and Cuthbert 2009). Indeed, despite
the recent criticism of candidate gene studies, translational
research suggests largely consistent findings across species
(Caspi et al. 2010). For example, research has shown that
BDNF-deficient mice exhibit greater anxiety-like behaviors (e.g. less exploration of novel environments in openfield and elevated plus maze paradigms) (Chen et al. 2006;
Chourbaji et al. 2008) and more helplessness-like behaviors
(e.g. less mobility in a forced swim test) (Bath et al. 2012).
In addition, human Met carriers are more likely than Val
homozygotes to generalize cued fear to novel contexts and
show weaker fear extinction in fear conditioning paradigms,
consistent with emotional inflexibility (Asthana et al. 2016;
Mühlberger et al. 2014; Soliman et al. 2010), and a hallmark
of anxiety disorders (e.g. panic disorder) (Lissek et al. 2010).
Importantly, a translational study by Soliman et al. (2010)
replicated these human findings and presented a parallel
link between impaired fear extinction (but not fear acquisition) and the Met allele in a rodent model of the BDNF
Val66Met (knock-in mice that have been genetically modified to express the human Val66Met polymorphism). Such
cross-species evidence suggests that reduced BDNF might
decrease the ability to override previously learned associations, resulting in inflexible and potentially maladaptive
behavioral responses.
Although ample cross-species research has identified
reduced BDNF as a risk factor for psychopathology, the
Met allele might also afford some benefits. For example, human Met carriers have shown decreased hypothalamic–pituitary–adrenal axis (HPA-axis) response in a
laboratory stress test (Alexander et al. 2010) and fewer
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symptoms of anxiety in response to early life stress (Gatt
et al. 2009). However, evidence of potential benefits
afforded by the Met allele is complex and nuanced. Indeed,
following stress, mice with the Met allele show elevated
stress hormone levels (i.e. increased HPA axis activity),
increased depressive-like and anxiety-like behaviors, and
decreased BDNF mRNA levels in the prefrontal cortex, as
compared to wild-type mice (Yu et al. 2012). Moreover,
research in mice has found that Met carriers with a history
of chronic stress might show increased potentiation of the
fear circuitry, as compared to Val homozygotes (Notaras
et al. 2016).

Negative and positive emotion inflexibility
as hallmarks of psychopathology
Inability to flexibly shift negative emotional responses is
broadly associated with poor psychological and social functioning and is present in both depression and anxiety (c.f.,
Gotlib and Joorman 2010; Mathews and MacLeod 2005).
For example, depressed adults show a diminished ability to
recall positive memories, for the purpose of reducing the
intensity of sadness, a strategy which often reduces sadness
in healthy controls (Joorman et al. 2007). Moreover, toddlers (two years of age) who demonstrate a contextuallyinsensitive fear behavior (e.g., freezing responses in low
threat environments) are more likely to develop symptoms
of anxiety by age 5 years (Buss 2011; Buss et al. 2004).
Importantly, however, low positive emotion responsivity
to positive emotion contexts is also key and a hallmark of
psychopathology (Bylsma et al. 2008; Kashdan and Steger
2006). Indeed, increasingly it is evident that a central feature
of depression and anxiety disorders is a decreased capacity
to generate positive emotion (e.g. joy, contentment) in situations where such emotional responses are appropriate (e.g.,
Kendall et al. 2015; Kovacs et al. 2015). Notably, positive
emotion responsivity may be a hallmark feature of emotion
flexibility, as positive emotions are thought to broaden coping responses and cognitive resources, facilitating greater
adaptation and greater psychological health (Fredrickson
et al. 2003; Tugade and Fredrickson 2007). In fact, positive emotion expression (smiling) has been found to help
down-regulate negative emotion while discussing negative
personal experiences (e.g. adjustment to college) (Papa and
Bonanno 2008) and to down-regulate cardiovascular arousal
(Fredrickson and Levenson 1998). In addition, an association has emerged between greater capacity to generate positive emotion in daily life and increased autonomic flexibility,
suggesting a link between positive emotion generation and
increased capacity for the parasympathetic nervous system
to modulate physiological arousal in response to contextual
demands (Porges 1995; Kok and Fredrickson 2010).
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Methodological approaches within the emotion
flexibility literature
Given the complex nature of emotion flexibility, multiple
approaches to measuring and quantifying this construct
have emerged within the emotion literature. First, emotion
flexibility can be operationalized as occurring on different
time-scales including momentary fluctuations in affect as
well as contextual shifts in affect (Hollenstein et al. 2013).
An individual who shows more moment-to-moment fluctuations in positive and negative affect, within one emotion
eliciting event (i.e. dynamic flexibility) could be considered
more flexible. This model of flexibility has inspired excellent
research on real-time changes in emotion, in particular, utilizing parent–child interactions (Sravish et al. 2013; Hollenstein and Lewis 2006). Additionally, emotion flexibility has
been measured as responsiveness to regulatory directions in
lab paradigms or naturally occurring variability in reports of
regulation during experience sampling (e.g., Sheppes et al.
2014). For example, Bonanno et al. developed a withinsubject paradigm in which individuals are directed to either
visibly suppress or express emotional responses to evocative
pictures. A higher combined score capturing both behaviors
(scored via coded facial emotion behavior) is conceptualized as emotion flexibility (2004). This paradigm has been
influential, demonstrating the association between emotion
flexibility and psychological health and resilience (Westphal et al. 2010). The current study follows conventions
established in research where emotion flexibility is indexed
as emotion output that is responsive to a series of shifting,
emotionally-evocative contexts. The primary benefit of this
method is inclusion of both automatic and implicit regulatory responses, as participants are given no specific instructions other than to engage with the material as it is presented. For example, in the current investigation as in prior
research, film clips (validated to elicit specific emotions)
are employed in a specific sequence. Emotion responses
are measured on multiple dimensions by film context (e.g.
Rottenberg et al. 2002, 2005) and individual differences in
emotion generation (or up-regulation) that are responsive to
the context (i.e., negative emotions generated in response to
a disturbing film) as well as shifts (or down-regulation) that
occurs across contexts (i.e., reduction in negative emotions
when an amusing film begins) constitute emotion flexibility
(c.f., Coifman and Almahmoud 2016).

Parasympathetic activity as a transdiagnostic
indicator of health and flexibility
Finally, increasing evidence suggests a key role of the autonomic nervous system in emotion flexibility. Specifically,
parasympathetic activity (often referred to as vagal tone:
influence of the vagus nerve on the heart) has been theorized
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to function as a mediator for individual differences in emotion responsivity (Porges et al. 1994). Vagal tone is often
indexed by respiratory sinus arrhythmia (RSA: Porges 2007),
reflecting the respiratory rhythm in heart rate (greater RSA
produces slower heart rate) (Porges 2007). Notably, vagal
tone might be directly linked to emotional facial expressions
given the proximity of brain stem structures controlling
facial expressions and those controlling autonomic responses
(Porges et al. 1994; Stifter et al. 1989). Indeed, adults with
decreased RSA (low vagal tone) have been hypothesized to
show a diminished capacity for emotion flexibility (Porges
et al. 1994; Thayer et al. 2009), and decreased RSA has
been associated with emotion-linked disorders (e.g. panic
disorder, posttraumatic stress disorder, depression) (Friedman 2007). Accordingly, greater RSA serves as a broad
indicator of health and regulatory resources (Porges 2009;
Thayer et al. 2012). Lastly, individual differences in parasympathetic activation might be partly heritable (Singh
et al. 1999). Indeed, Met carriers at the BDNF Val66Met
polymorphism have been found to show decreased parasympathetic activity at rest, as compared to Val homozygotes
(Yang et al. 2010), suggesting a link between the Met allele
and a less flexible or responsive autonomic nervous system.

Current investigation
To examine emotion flexibility, we administered a lab-based
emotion provocation that consisted of evaluating spontaneous
emotional responses to two emotionally-evocative film clips;
one of positive, and one of negative, valence. This type of
design has been consistently employed in research examining
the context-sensitivity of naturally occurring emotion (e.g.,
Rottenberg et al. 2005) and is sensitive to brain-related genetic
polymorphisms (Gilman et al. 2015; Latsko et al. 2016). Flexibility was operationalized as the ability to generate emotion
in response to the eliciting context, and the ability to shift
emotion as contextual demands changed, according to contemporary models of flexibility (Coifman and Almahmoud
2016). Emotion responses were assessed across multiple
dimensions, including self-reported emotion experience,
coded facial behavior, and autonomic activity. Specifically,
RSA (Porges 2007) was employed as an index of autonomic
flexibility and skin conductance was used as an indicator of
emotional engagement and sympathetic activity (Dawson et al.
2007). Increased skin conductance is broadly considered an
index of emotional activation and has been associated with
both negative and positive emotions that are characterized by
high arousal (e.g. fear; amusement; c.f. Kreibig 2010). For
the purpose of the current study, where high arousal stimuli
were utilized (see below for more detail), it was particularly
important to measure the up-regulation of emotion. Indeed,
since emotion up-regulation is a part of emotion flexibility,
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skin conductance response (SCR) was included as one dimension of emotional response.
Consistent with this theoretical framework and methods,
as well as extensive cross-species literature, we identified
two dimensions of emotion flexibility that could be tested in
relation to variation in the BDNF Val66Met polymorphism.
First, we considered the ability for individuals to respond to
the primary emotion eliciting context, in this case a negative
emotion eliciting film, with up-generation of negative emotion. Next we considered the ability for individuals to shift
emotion responses, down-regulating negative emotions and
up-regulating positive emotions in response to the film that
followed, a positive-emotion eliciting film. Both indices are
considered core components of emotion flexibility (c.f., Coifman and Almahmoud 2016). Hence, we hypothesized that
Val homozygotes would generate greater negative emotion
responses to negative emotion contexts (or greater negative
emotion reactivity), as compared to individuals with at least
one copy of the Met allele given that prior research has suggested increased reactivity in Val homozygotes (Alexander
et al. 2010; Gatt et al. 2009). However, we also anticipated that
Val homozygotes, relative to Met allele carriers, would demonstrate an increased ability to down-regulate negative emotion
responses, as contextual parameters shifted to positive. This is
based on evidence suggesting greater behavioral inflexibility
in human Met allele carriers but most convincingly in comparable rodent models (e.g. Soliman et al. 2010). Although,
we could not establish a priori hypotheses regarding positive
emotion responses due to limited evidence on potential effects
of BDNF reduction and ability to generate or shift positive
emotions (Van Winkel et al. 2014; Wichers et al. 2008), we did
consider that positive emotions might be particularly important
to understand as a component of emotion flexibility in association with BDNF. Indeed, positive emotion generation has been
clearly established as a broad indicator of emotion flexibility
(Bonanno et al. 2004; Papa and Bonanno 2008). Specifically,
ability to generate positive emotion has been linked to psychological resilience up to 18 months following a stressful event
(e.g. loss of spouse: Coifman and Bonanno 2010). Similarly,
no a priori hypothesis was established regarding RSA due to
limited evidence of potential effects of BDNF reduction on
autonomic nervous system activity (Yang et al. 2010). However, given previous research indicating that increased RSA
and positive emotions increases capacity for emotion flexibility, we found these dimensions of emotion to be important to
include in the current investigation.
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Table 1  Demographic variables
Demographic variables
Hardy–Weinberg: χ2 = 1.04, p = .30
Age
Sex
Race
Caucasian
African American
Asian
Other
Ethnicity
Not Hispanic or Latino
Hispanic or Latino
Depression symptoms (CES-D)

A
Full sample (n = 120)

B
ValVal

C
ValMet/MetMet

M = 20.87, SD = 6.43
74 (62.2%)
Female

75 (62.5%)
M = 20.7, SD = 6.4
50 (66.7%)
Female

45 (37.5%)
M = 21.1, SD = 6.5
24 (54.5%)
Female

94 (79%)
14 (11.8%)
3 (2.5%)
8 (6.7%)

57 (76%)
11 (14.7%)
1 (1.3%)
6 (8%)

37 (84.1%)
3 (6.8%)
2 (4.5%)
2 (4.5%)

108 (90.8%)
7 (5.9%)
M = 11.1, SD = 7.2

69 (92%)
4 (5.3%)
M = 11.2, SD = 7.6

39 (88.6%)
3 (6.8%)
M = 10.9, SD = 6.4

Method
Participants
One hundred and twenty adult participants (79% Caucasian,
62.2% female, mean age = 20.87 years) were recruited from
the subject pool within the Psychology department at a large
public university in the Midwest in the United States (see
Table 1 for summary of demographic information of this
sample). Participants needed to be 18 years of age of older
to be eligible for the study. No other exclusion criteria were
established for this study.

Measures
All participants completed questionnaires that included factors known to influence emotion responses including age,
gender, race, ethnicity, and depressive symptoms (Bradley
et al. 2001; Gotlib and Joorman 2010; Kring and Gordon
1998; Vrana and Rollock 2002; Zimmerman and Iwanski
2014), in order to isolate the effect of genotype as much as
possible. To index depressive symptoms, participants completed the Center for Epidemiologic Studies Depression
Scale (CES-D), a well-validated scale of depressive symptoms (Radloff 1977). A CES-D mean of M = 11.1 SD = 7.2
(α = .85) was found in this sample. Based on the mean, this
sample demonstrates comparable levels of depressive symptoms to other healthy, college-age, samples (Shean and Baldwin 2008).
Collection of saliva, and subsequent DNA extraction,
were completed according to procedures specified in Gilman
et al. (2015). The frequency of the BDNF Val66Met alleles
in this sample [ValVal = 75 (62.5%); ValMet = 42 (35%);
MetMet = 3 (2.5%)] did not differ from the Hardy–Weinberg
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ValVal versus met carrier

t(118)= -2.7, p = .80
χ2(1,N = 120) = 1.73, p = .13
χ2(1,N = 120) = 3.31,
p = .35

χ2(1,N = 116) = .13,
p = .50
t(118) = − .12, p = .91

equilibrium (Gaunt et al. 2007), χ2 = 1.04, p = .30. Based
on prior research on the BDNF Val66Met polymorphism
(e.g. Beevers et al. 2009; Egan et al. 2003; Lotrich et al.
2013; Soliman et al. 2010), participants in this sample were
grouped into two groups (ValVal genotype versus Met allele
carriers). Pearson’s Chi square tests were utilized to examine
group differences in demographic variables (gender, ethnicity, race), and t tests were utilized to examine group differences in age and symptoms of depression (CES-D). No significant group differences across the genotype groups were
found on any key study variables (see Table 1).
To complete the emotion response assessment, participants were comfortably seated in a private study room, in
front of a computer, and were instructed to engage with the
content of a sequence of two validated (Gilman et al. 2017),
emotionally evocative video clips. Each clip was 5-min long
and was followed by a 2-min long break before the next
video started. This task design is based on established conventions in emotion research (Bonanno et al. 2004; Coifman
et al. 2007) and the break between film clips was included so
that participants’ emotional responses were given adequate
time to recover, and so that participants were able to rate
their emotions (detailed below). Moreover, by including
this break, emotion responses that were present beyond the
break, during the subsequent elicitation context, likely present stronger evidence of inflexible responding (i.e., in this
study negative emotions present during the next explicitly
positive film).
The video sequence started with a neutral content clip
(Big Cat Diary, BBC Earth) in order for the participant to
acclimate to the study conditions. For the purpose of explicitly examining shifts in emotion responses between a high
arousal negative context and a low arousal positive context, participants were next shown a high arousal negative
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emotion (e.g. disgust, anger) video (The Road to Guantanamo, Revolution Films, 2006) followed by a low arousal
positive emotion video (Alive, Paramount Pictures, 1993).
Specifically, this video sequence (The Road to Guantanamo
to Alive) allowed for examination of spontaneous down-regulation of high arousal negative emotion in response to a low
arousal positive emotion context, in addition to examination
of contextually appropriate negative and positive emotion
generation, abilities that are central to emotion flexibility.
The two video clips were part of a larger investigation (Gilman et al. 2015; Latsko et al. 2016) which contained two
additional, well-validated films (Gilman et al. 2017), known
to elicit low arousal negative emotion (The Champ, MetroGoldwyn Mayer 1979) and high arousal positive emotion
(Between Two Ferns, http://www.comedyordie.com, 2010).
This assessment was administered using EPrime 2.0 (Psychology Software Tools, Sharpsburg, PA). During the entire
assessment, emotional responses were measured on multiple
dimensions including: coded facial expressions, and sympathetic and parasympathetic arousal (autonomic activity).
Participants were also asked to provide self-report of their
emotional experience following each film clip, during the
2-min break.
In vivo assessment of emotion during flexibility assessment
Recording of physiological signals: respiratory sinus arrhythmia and skin conductance Electrocardiogram (ECG) was
recorded during the entire assessment, in order to calculate
a value to represent RSA (Porges 2007) for each participant.
Electrodermal activity (EDA) was also recorded during the
entire assessment, in order to calculate a value to represent
skin conductance (SC) for each participant. This procedure was conducted as follows. The study room was kept
at a steady temperature of 74.3° Fahrenheit and participants
were encouraged to drink one 8-ounce bottle of water before
the assessment began. These procedures were followed in
order to minimize interference with EDA recording. To
record the ECG signal, three disposable Ag/AgCl ECG spot
electrodes were placed on the participant. One electrode
was placed underneath the right collarbone, and two electrodes were placed on either side of the ribcage. To record
the EDA signal, an electrolyte gel of sodium chloride was
applied to two Beckman electrodes that were attached to
the palmar surface of the participant’s middle phalanges of
the first and second fingers of the non-dominant hand. The
ECG signal was acquired using a 2-slot BioNex bioamplifier (Mindware Technologies, Gahanna, OH) and sampled
at a rate of 1000 Hz. ECG data was amplified with a gain
of 500 µS/VS. To filter out noise, a high pass filter was set
at 0.5 Hz and a low pass filter was set at 45 Hz. A bandpass
filter (0.25–0.40 Hz) and notch filter (60 Hz) were used to
filter out frequencies in the ECG not relevant to RSA. The
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EDA signal was acquired through a 31-channel A/D converter operating at a resolution of 12 bits and with an input
range of − 2.5 to + 2.5 V. The EDA signal was sampled at a
rate of 500 Hz and was amplified with a gain of 5 µS/VS. A
high pass filter for the EDA signal was set at 1 Hz, and a low
pass filter was set at 45 Hz.
Physiological data were cleaned and artifacts removed
using customized Bio-Lab™ Software (MindWare Technologies, Gahanna, OH) and visual inspection of artifacts.
Missed or mislabeled parts of the ECG wave were deleted
and problematic beats were interpolated, and problematic
segments of the EDA wave were excluded following visual
inspection. RSA was derived by spectral analysis of the
interbeat interval (RR) series derived from the ECG. High
frequency spectral power was then integrated over the respiratory frequency band (0.12–0.4 Hz) and averaged for each
video resulting in one average value of RSA for each video.
Mean skin conductance data was averaged across each film
and a SCR value (in µSiemens) was calculated for each film,
for each individual.
Coded emotion expression and reported experience To
measure behavioral expression of emotion during the emotion response assessment, participant’s emotional facial
behavior was recorded with a high-resolution camera.
Emotional facial behaviors were later coded by five independent coders, naïve to any study details.1 Coders viewed
participant videos individually, on a 23″ computer monitor
without sound. After viewing each video from beginning to
end, coders rated degree of positive and degree of negative
emotional facial behaviors to each video on a 7-point Likert
scale (Bonanno et al. 2004; Coifman and Bonanno 2010)
by providing one numerical score to indicate positive emotion facial behaviors and one numerical score to indicate
negative emotion facial behaviors, resulting in a positive
and a negative emotion expression score for each participant. Coders were sufficiently reliable (average ICC = 0.80,
range 0.74–0.90), and ratings were averaged across coders
to increase reliability.
To measure emotional experience, participants were
instructed to self-report their emotional response immediately following each film by rating emotion-words on a
7-point Likert scale. Emotion-words were of both negative (fear, sadness, disgust, guilt, distress, anger) and positive (happiness, enjoyment, amusement, affection, relief)
valence. Self-reported ratings of negatively valenced words
were utilized to generate a mean negative affect score in
response to both negative (The Road to Guantanamo) and
positive (Alive) emotion contexts, for each participant.

1

Evidence suggests that facial coding by relatively naïve coders may
be as valid as highly trained coders (e.g., Dondi et al. 2007).
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Similarly, self-reported ratings of positively valenced
words were used to generate a mean positive affect score
in response to both negative (The Road to Guantanamo)
and positive (Alive) emotion contexts, for each participant.
Emotion-words were chosen from contemporary circumplex
models of affect (e.g. Rafaeli et al. 2007; Russell 1980).
These emotion-words have been used reliably in prior studies (e.g. Coifman and Bonanno 2010), and demonstrated
sufficient internal consistency in this sample (negative emotion experience in response to negative emotion context;
α = 0.88, and positive emotion experience in response to
positive emotion context; α = 0.85).

Procedure
Participants were recruited over the course of two academic
years from the Psychology department subject pool. Upon
arrival at the laboratory, all participants gave informed
consent. After informed consent was obtained, participants
provided demographic information, and then completed the
CES-D to index depressive symptoms. Following completion of questionnaires, saliva (2 mL) was collected using
Oragene-DNA Self-Collection Kits. Samples were then
stored at − 20 °C. Saliva was processed following established procedures (Gilman et al. 2015). Once saliva collection was complete, the participant was seated in a private 4′ × 4′ study room where they completed the emotion
response assessment. Approval for the study was obtained
by the university’s institutional review board governing
research involving human subject. Upon completion of
the study session, all participants were compensated with
research credits.

Data cleaning and processing
Missing data
Data from n = 272 participants were dropped from some of
the final analyses (resulting in a sample size of N = 120).
Data were dropped for the following reasons. ECG signal

2
Note regarding missing data for this study: pairwise deletion was
utilized for missing data and resulted in deletion of data from a total
of n = 27 participants according to the following. ECG data was lost
for n = 21 participants due to equipment malfunction, n = 4 of these
participants were also missing EDA data. EDA data was lost for an
additional n = 3 participants due to equipment malfunction, and EDA
data for n = 2 participants was lost due to naturally occurring skin
conductance (see below footnote). Facial behavior data was lost for
n = 5 research participants. For n = 4 participants, video recording
was unsuccessful due to camera software malfunction, and n = 1 participant requested deletion of their video data. Two of the participants
with missing facial behavior data were also dropped from ECG or
EDA analyses.}
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data was lost due to equipment malfunction (e.g. detachment
of electrodes, large muscle movements disrupting signal
recording) that resulted in lack of a detectable signal. EDA
signal data was lost due to equipment malfunction resulting
in lack of a detectable signal and naturally occurring irregular or low skin conductance.3 Physiological data (ECG and
EDA signals) was lost for one participant due to administration error (electrodes not placed properly). Facial behavior
data was lost due to unsuccessful video recording following
camera software malfunction, and facial data was dropped
for one participant upon their request. No significant differences on key study variables emerged between participants
who were included in final analyses for the present study and
participants with some missing data points.
Manipulation check
Validity of the emotion response assessment was confirmed
in this sample by conducting paired samples t tests on negative and positive self-reported affect and negative and positive emotional facial behavior in response to each emotional
context. Participants were found to report significantly more
negative than positive affect during the negative emotion
video (The Road to Guantanamo) and significantly more
positive than negative affect during the positive emotion
video (Alive) (see Table 2). Moreover, a significant change
in negative affect emerged across the task, such that negative affect increased from baseline to the negative video
[t(118) = − 16.33, p = .00] and decreased from the negative
video to the positive video [t(118) = 16.22, p = .00]. To further confirm the intensity of the emotion response assessment, Pearson correlations between affect and facial behavior
in response to positive and negative stimuli were examined.
A significant positive correlation emerged between negative
affect and negative facial behavior in response to the negative video, suggesting intense negative emotion (The Road
to Guantanamo) (r = .30, n = 115, p < .01). Further, a significant positive correlation was found between positive affect
and positive facial behavior in response to the positive film,
suggesting intense positive emotion (Alive) (r = .25, n = 114,
p < .01). These findings are in line with past research suggesting that emotions manifest as a more organized response
at high intensity, as compared to emotions at low intensity
(Mauss et al. 2005).

3

Notably, due to individual skin conductance variation within the
general population, some people naturally show irregular or low skin
conductance (termed “nonresponders”) (Dawson et al. 2007). When
such irregularities were discovered during data collection for the
present study, the research investigator attempted to adjust the electrodes and massage fingers of the participant in order to better collect
the EDA data. Adjustments were unsuccessful for n = 2 participants,
resulting in lack of a detectable signal.
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Table 2  Paired sample t tests for manipulation check of emotion responses to emotion response assessment
Condition

Mean (SD)

t test

Negative affect during baseline video
Positive affect during baseline video
Negative facial behavior during baseline video
Positive facial behavior during baseline video
Negative affect during negative emotion video (The Road to Guantanamo)
Positive affect in during negative emotion video (The Road to Guantanamo)
Negative facial behavior during negative emotion video (The Road to Guantanamo)
Positive facial behavior during negative emotion video (The Road to Guantanamo)
Negative affect during positive emotion video (Alive)
Positive affect during positive emotion video (Alive)
Negative facial behavior during positive emotion video (Alive)
Positive facial behavior during positive emotion video (Alive)

1.07 (0.17)
3.05 (1.22)
1.71 (0.55)
1.62 (0.89)
2.91 (1.23)
1.47 (0.69)
2.74 (1.10)
1.10 (0.28)
1.18 (0.32)
2.60 (1.25)
2.29 (0.67)
1.25 (0.51)

t(118) = − 17.51, p = .00

Data analytic strategy
We first tested for baseline differences in each of the emotion response indicators using ANOVA. Then we performed
four repeated measures analysis of covariance (ANCOVA)
tests to analyze group differences (BDNF ValVal versus
ValMet/MetMet) in patterns of emotion output measured
during the videos of interest, controlling for baseline levels.
These omnibus ANCOVA tests followed a 2 (video type:
negative emotion video [The Road to Guantanamo), positive emotion video (Alive)] × 1 (response type: RSA or skin
conductance) × 2 (genotype: ValVal versus ValMet/MetMet)
design, or a 2 (video type) × 2 (response type: positive emotion expression and positive emotion experience, or negative
emotion expression and negative emotion experience) × 2
(genotype) design. Hence, a total of four omnibus tests were
conducted to examine group differences in (1) RSA, (2) skin
conductance, then (3) positive emotion expression and positive emotion experience were tested in the same model, and
(4) negative emotion expression and negative emotion experience were tested in the same model. Baseline differences in
emotional responding were controlled for by including emotion output during the baseline video as a covariate in these
analyses. Demographic variables (age, sex, race, and ethnicity) and depressive symptoms (CES-D) were also entered
into all analyses as covariates. For each test, if the omnibus
model was significant, then follow-up univariate tests were
examined to better understand group differences. This would
allow for a preliminary test of both hypotheses. If the results
suggested a need for additional testing, we would conduct
additional univariate ANCOVA to examine differences in the
positive film, while controlling for responses to the negative
film. This was specifically for Hypothesis 2 (e.g., to test if
negative emotion persisted during the positive film and if
this differed by group).

t(114) = .85, p = .40
t(118) = 10.28, p = .00
t(114) = 15.10, p = .00
t(118) = − 13.58, p = .00
t(114) = 12.84, p = .00

Due to the number of follow-up tests, we controlled for
the false discovery rate (FDR; Benjamini and Hochberg
1995, 2000) resulting in the first test being declared significant based on a p value of .05 and subsequent tests being
declared significant based on increasingly smaller p values.
For example, the set of follow-up univariate tests of the first
hypothesis involved three tests, hence we would apply the
following alpha levels: .050, .033, .016.4 The set of followup univariate tests of the second hypothesis involved two
tests, hence we would apply the following alpha levels:
.050, .025.5 For our exploratory analyses for positive emotional responses and RSA, we applied the same “familybased” rule for three tests (applying alpha levels: .050, .033,
.016). Effect sizes are reported as partial2. Assumptions of
ANCOVA were met, including sphericity and equality of
error variances. All with PASW Statistics 21 (SPSS Inc.,
Chicago, IL, USA).

4

As per Benjamini and Hochberg (1995), unadjusted p values were
ranked by hypothesis. Adjusted p(values
were then calculated using
)
the following formula: p(j) ≤ 𝛼 mj , where α = .05, j = rank, and

m = 3, the total number of hypothesis tests conducted. For the first
hypothesis and exploratory analysis, rank order was as follows: emotional expression (1), autonomic activity (2), and emotional experience (3).
5
Adjusted p values
( ) were then calculated using the following formula: p(j) ≤ 𝛼 mj , where α = .05, j = rank, and m = 2, the total number of hypothesis tests conducted. For the second hypothesis, rank
order was as follows: emotional expression (1), emotional experience
(2).
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Table 3  Val66Met genotype
differences in mean emotional
responses during the baseline
video of the emotion response
task
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Baseline video emotional responses

ValVal mean (SD)

ValMet/MetMet
mean (SD)

Negative emotion experience
Negative emotion expression
Positive emotion experience
Positive emotion expression
RSA
SC

1.04 (.10)
1.65 (.49)
3.12 (1.18)
1.62 (.85)
6.57 (1.19)
4.56 (2.83)

1.12 (.24)
1.80 (.64)
2.99 (1.32)
1.61 (.95)
6.25 (1.16)
5.38 (2.92)

Results
Baseline differences
We first conducted ANOVA to test for genotype differences
during the baseline neutral film. There was an effect of
genotype on negative emotion experience during the baseline video F(1,119) = 6.32, p = .013 such that Met carriers
reported greater negative emotion experience at baseline
(M = 1.12, SD = .24), as compared to Val homozygotes
(M = 1.04, SD = .10). No other baseline effects emerged in
this sample. Indeed, no significant effect of genotype was
found on baseline emotion output including negative emotion expression F(1,115) = 1.95, p = .165, positive emotion experience F(1,119) = .32, p = .575, positive emotion
expression F(1,115) = .00, p = .96, RSA F(1,108) = 1.77,
p = .186, or skin conductance F(1,112) = 2.18, p = .143 (see
Table 3).

Omnibus tests
Examination of group differences (BDNF ValVal versus ValMet/MetMet) in emotion output during the task, utilizing
four repeated measures ANCOVA tests, resulted in the following. First, using Pillai’s trace, a significant omnibus effect
of genotype emerged on RSA across the emotion response
assessment F(1,97) = 5.01, p = .027, partial2 = .05, while
controlling for RSA in response to the baseline video. A
within-subjects effect also emerged, F(1,97) = 5.01, p = .027,
partial2 = .05, such that Val homozygotes had significantly
greater RSA during the negative video (see Fig. 1a). Second, a significant between-subjects effect emerged on positive emotion expression and positive emotion experience
across the emotion response assessment, F(1,103) = 3.62,
p = .06, partial2 = .03, while controlling for positive emotion
expression and positive emotion experience during the baseline video (see Fig. 1b). No significant effect of genotype
emerged on skin conductance across the emotion response
assessment F(1,105) = 2.39, p = .125, partial2 = .02, while
controlling for skin conductance in response to the baseline video. Moreover, no significant effect of genotype
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F(1,119) = 6.32, p = .013
F(1,115) = 1.95, p = .165
F(1,119) = .32, p = .575
F(1,115) = .00, p = .96
F(1,108) = 1.77, p = .186
F(1,112) = 2.18, p = .143

emerged on negative emotion expression and negative emotion experience across the emotion response assessment
F(1,103) = .48, p = .49, partial2 = .01 Regarding the video
stimuli that were not included in the present analyses (The
Champ and Between Two Ferns), non-significant trends of a
similar pattern as reported results, emerged across the emotion response assessment.6

Follow‑up tests
Follow-up univariate tests were examined for significant
omnibus tests (i.e. genotype effects on RSA and positive
emotion expression and positive emotion experience) in
order to better understand group differences during each film
or emotion context. These follow-up tests revealed a significant difference between Val homozygotes and Met carriers in
RSA during the negative video (The Road to Guantanamo),
t(97) = 2.04, p = .044, partial2 = .04, 95%CI .01–.35. Specifically, Val homozygotes displayed significantly higher RSA
in response to a negative context (M = 6.61, SD = 1.19) as
compared to Met carriers (M = 6.10, SD = 1.27). Follow-up
contrasts also revealed a significant difference between Val
homozygotes and Met carriers in positive emotion expression t(103) = 2.30, p = .024, partial2 = .05, 95%CI .02–.21,
such that Val homozygotes showed significantly greater
positive emotion expression during the negative video
(M = 1.14, SD = .35), as compared to Met carriers (1.04,
6

Specifically, Val homozygotes showed higher RSA in response both
excluded videos, as compared to Met carriers. Val homozygotes also
showed an increase in reported negative emotion expression and negative emotion experience in response to the negative emotion context
(The Champ) which then decreased as the context shifted to positive
emotion (Between Two Ferns). Met carriers were observed to follow
a similar pattern of negative emotion expression and negative emotion experience. Val homozygotes showed a decrease in positive emotion expression as the context shifted to negative (The Champ), followed by an increase in positive emotion expression in response to
the positive emotion context (Between Two Ferns). Met carriers were
observed to follow a more blunted pattern of responding, with a less
pronounced decrease in positive emotion expression as the context
shifted to negative (The Champ). Lastly, Val homozygotes and Met
carriers were also shown to follow a similar pattern of positive emotion experience.
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*F(1,97)=5.01, p=.027

a

6.7
6.6
6.5
6.4

Mean RSA

Fig. 1  a Val66Met genotype
differences in mean respiratory
sinus arrhythmia (RSA) during
the emotion response task.
b Val66Met genotype differences in mean positive emotion
expression during the emotion
response task
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*p=.004

6.3

ValVal RSA

6.2

ValMet/MetMet RSA

6.1
6
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Mean Posive Emoon Expression
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*F(1,103)=3.62, p=.06

1.5
1.4
1.3

*p=.025

1.2
1.1

ValVal Posive Emoon
Expression
ValMet/MetMet Posive
Emoon Expression

*p=.024

1
0.9
0.8
Negave context

SD = .08). Moreover, Val homozygotes showed greater positive emotion expression during the positive video (M = 1.32,
SD = .62), as compared to Met carriers (M = 1.12, SD = .23),
t(103) = 2.28, p = .025, partial2 = .05, 95%CI .03–.37. There
were no significant differences in reported positive emotion
experience by genotype.
Overall, these findings did not support the two stated
hypotheses. Indeed, no evidence emerged to suggest that
Val homozygotes show greater negative emotion reactivity in response to negative emotion context (first hypothesis). These results also did not suggest that Val homozygotes show greater down-regulation of negative emotion in
response to positive emotion context (second hypothesis).
However, significant findings did emerge from the exploratory analyses conducted in this study. Indeed, Val homozygotes in this sample demonstrate higher RSA and greater

Posive context

positive emotion expression across the emotion response
assessment.

Discussion
The impact of genetic variation on psychological illness has
received much research attention over the past decade, and
there is evidence to suggest that variation in the BDNF gene
might play a role in emotion-linked psychological disorders
(Colzato et al. 2011; Lotrich et al. 2013; Notaras et al. 2015).
The current investigation expands this work by examining
the influence of the Val66Met polymorphism on emotion
flexibility by measuring emotion behaviors (emotional facial
behaviors and autonomic activity) in response to changing
emotional contexts in a lab-based task. The results of the
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present study were surprising, and although they did not
support the stated hypotheses, they were broadly consistent with the literature. In particular, unlike some previous
research, no evidence of greater negative emotional reactivity in Val homozygotes emerged in this sample as well as no
evidence of negative emotion inflexibility in Met carriers.
However, exploratory analyses, based on extensive research
on autonomic flexibility (Porges 2009; Thayer et al. 2012)
and benefits of increased positive emotion generation (Coifman and Bonanno 2010; Fredrickson et al. 2003), revealed
findings that may provide more nuance to what is known
about genetic influence on emotion flexibility. Specifically,
the current findings show a pattern in which Met carriers
in this sample appear to exhibit broadly decreased regulatory resources, as compared to Val homozygotes. Indeed,
Met carriers in this sample exhibited less parasympathetic
nervous system activation across the task, as compared to
Val homozygotes. Met carriers also generated less positive
emotion facial behaviors in response to an explicit positive
emotion context. In contrast, Val homozygotes in this sample
were able to adaptively generate and maintain positive emotion facial behaviors across the task during both the negative emotion and the positive emotion context. Indeed, Val
homozygotes showed greater positive emotion facial behavior in response to the negative emotion context, a response
that might indicate greater ability to down-regulate negative
emotion (Papa and Bonanno 2008). Both parasympathetic
activation and positive emotion generation have been clearly
shown to provide expansive physical and emotional health
benefits, most notably, in the form of increasing regulatory
resources (Bonanno et al. 2004; Fredrickson and Levenson
1998; Porges 2009; Thayer et al. 2012). Although these
indicators could not be hypothesized a priori in the current
study, our findings may indeed indicate greater emotion flexibility in Val homozygotes.
That we did not find effects relating to negative emotion or skin conductance is surprising. Measurement of
skin conductance was included in the present study based
on previous evidence that suggest a link between the Val
allele and greater stress reactivity. Non-significant findings
might reflect a similarity between the genotype groups on
sympathetic activation in an emotion context, but call for
further research on specific patterns of autonomic activity
and reduced BDNF. Moreover, inconsistent with the present study hypothesis, and apart from reports at baseline,
Met carriers in this sample were not found to demonstrate
less ability to down-regulate negative emotion in response
to changes in emotional context. Non-significant findings
might reflect a similarity between the genotype groups
on ability to effectively down-regulate negative emotion,
given that negative emotions were explicitly elicited.
Finally, it may be that the operationalization of emotion flexibility used in this paradigm was not sufficiently
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sensitive to the question of genetic variation. We did find
evidence of flexibility differences, but not in the hypothesized ways. Certainly, this suggests that future work is
needed to verify and perhaps adjust application of the construct of emotion flexibility to questions of genetic variation. Indeed, our team is already at work on this challenge.
The present findings are of particular interest due to
the comprehensive measurement of emotional responses,
captured in a well-vetted emotion-elicitation paradigm
targeting objective indicators of emotion processing, as
opposed to retrospective self-report of emotion which can
present important methodological problems (e.g. demand
characteristics) (Messner and Wanke 2011; Schwarz and
Clore 1983). Thus, this study captures emotional processes, more broadly including those response channels
that may be outside of awareness (e.g. autonomic activity
and emotional facial behaviors). Interestingly, Met carriers in this sample self-reported greater negative emotion
in response to a neutral emotion context (baseline video)
but did not report more negative emotion throughout the
emotion elicitation. This finding is consistent with prior
research suggesting an association between presence of
the Met allele and elevated report of neuroticism in the
absence of stress-evoking contexts (Lehto et al. 2016).
Indeed, low concentrations of BDNF in serum have also
been found to predict elevated report of neuroticism (Terracciano et al. 2011). Neuroticism is a well-known predictor of emotion-linked psychopathology. Thus, the current
findings also echo previous studies that have found greater
self-report of psychological symptoms in Met carriers
(Beevers et al. 2009; Lotrich et al. 2013), although we
did not find elevated reports of psychological symptoms
in Met carriers in this sample. Importantly, no baseline
genotype differences were found for RSA or positive emotion expression in this sample, but effects only emerged
during emotionally evocative contexts. Although previous research has shown increased parasympathetic activity
at rest in Val homozygotes, relative to Met homozygotes
(obtained from ECG monitoring for 2 h while participants
remained in resting state) (Yang et al. 2010), our findings point more clearly to potential genotype difference in
emotional regulatory processing such that Val/Met carriers
may have diminished regulatory resources, as compared
to Val homozygotes.

Clinical implications
Clinically, the main findings of the present study, decreased
parasympathetic activity and decreased positive emotion facial expression in Met carriers, suggest a pattern of
weaker emotional regulatory resources in these individuals,
and might indicate a higher risk for emotion-linked psychological illness. Such emotion responses have indeed been
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both theorized and demonstrated to contribute to higher risk
for psychological illness (e.g., Barlow et al. 2013; Kendall
et al. 2015). Furthermore, decreased parasympathetic activity has been consistently linked to increased psychiatric risk
(Beauchaine and Thayer 2015). More broadly, these findings
contribute to the understanding of dominant models of psychopathology, which have demonstrated that psychological
disorders likely develop from complex interactions between
genetically predisposed vulnerability and environmental factors (Cuthbert and Insel 2013; Insel et al. 2010).

Limitations
This study had some limitations. Primarily, the sample size
of this study was relatively small, and consisted largely of
college-aged Caucasian individuals. The costly nature of
In vivo measurement of emotion makes the sample size
necessarily limited. Indeed, such ecologically valid measurement of emotion is crucial in order to better understand
the complex patterns of emotion linked to genetic variation, but it is time intensive and laborious. Furthermore, it
restricts detection of potentially distinct emotional profiles
of low frequency genotypes (i.e., MetMet), an inherent challenge in the broader realm of SNP research. Weighting the
MetMet genotype group with greater Ns would be ideal for
evaluating how behaviorally and physiologically distinguishable this genotype is from ValVal and ValMet, but such an
endeavor is presently too cost- and time-prohibitive given
the low prevalence of the MetMet genotype (e.g., three individuals in our N = 120).
Another limitation of the present study was the sole focus
on Val66Met, without consideration of potential interactions
of this polymorphism with other SNPs within the BDNF
gene, or other related genes. Evaluations of emotional and
autonomic responses associated with one polymorphism
in isolation should certainly be interpreted with caution.
Though we have implemented rigorous controls in our study,
it remains possible that the surprising effects we discovered
are a consequence of an as-yet-unidentified gene or polymorphism that is in linkage disequilibrium with the BDNF Val66Met polymorphism. Moreover, while BDNF is certainly
an important component of brain development and activity,
we recognize that it interacts with myriad other systems and
polymorphisms, such that the effects we observe here are
psychological and physiological manifestations far downstream from a single nucleotide difference. Indeed, there
is a small body of research that has examined interactions
between BDNF Val66Met and other genes (Bredemeier et al.
2014; Dougherty et al. 2010; Nederhof et al. 2010; Latsko
et al. 2016). Although results are generally mixed, there is
a clear need for more methodologically complex studies on
the BDNF gene and emotion responses. Additionally, it is
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essential that future research take epistatic interactions into
account in such investigations, particularly through studying
populations with more diverse ages and racial backgrounds.
Finally, participants in this study were not evaluated, prior to
study participation, for common psychological illnesses (e.g.
depression). This could potentially influence study results.
However, survey data (using, for example, the CES-D, see
above for sample details) indicated that the sample was,
overall, healthy.

Conclusion
Results from the present study suggest an association
between presence of the Met allele at the Val66Met polymorphism and decreased emotional regulatory resources.
This difference was clearly evident in behavioral expressions
of emotion, via autonomic nervous system responsivity and
coded facial behavior. These findings echo patterns found
in emotion-linked disorders, where greater inflexibility in
emotion responses often is found in individuals who suffer
from both depression and anxiety-related illnesses, as well
as research suggesting the role of emotion inflexibility in
prospective prediction of emotion-linked disorders (Coifman
and Bonanno 2010; Rottenberg and Hindash 2015). Undeniably, BDNF plays an essential role in synaptic plasticity,
learning, and thereby psychiatric risk. Thus, it is essential
to gain further understanding about how reduced BDNF
influences clinically relevant emotion responses. Greater
specificity in the present study was achieved by exploring
these associations in healthy individuals, where the effect
of genotype could be further isolated. Given the complexity
of BDNF and the call for replication within candidate gene
research, further exploration of associations between genetic
variation in the BDNF gene and clinically relevant emotion
responses is necessary.
Funding Funding was provided by Institute for Clinical and Translational Research, Kent State University and The Applied Psychology
Center, Department of Psychological Sciences.
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