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Abstract

Both theory and empirical evidence support possible associations between two candidate genetic
polymorphisms (SLC6A45-HTTLPR I/s and COMT Vall58Met — rs4680 variants) and emotion-
regulation difficulties. One particular form of emotion-regulation difficulty, distress intolerance,
has been measured using a behavioral assessment in youth; data indicate a relationship with poor
psychological functioning. No prior study has investigated genetic influences on emotion-
regulation difficulties in youth. As part of a larger longitudinal study on adolescent risk behaviors,
218 10-14 year-old youths from the metropolitan Washington, D.C., area completed a measure of
distress intolerance, the Behavioral Indicator of Resilience to Distress (BIRD), and provided saliva
samples for DNA extraction and genotyping. Results indicate that those with one or two copies of
the s allele of the 5-HTTLPR polymorphism were more likely to perform poorly on the task (i.e.,
choose to quit) than were those homozygous for the | allele. Participants who were Val allele
carriers of the COMT Val'®*®Met polymorphism were also more likely to quit the task compared to
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Met homozygotes. A summative risk allele score was created to combine the two polymorphisms,
and each risk allele was associated with a 1.75 fold increased likelihood of quitting the task.
Exploratory analyses revealed that emotional abuse moderated the relationship between the 5-
HTTLPR and BIRD performance, as well as the genetic risk allele and the BIRD. This is the first
investigation of genetic predictors of a behavioral measure of tolerance to distress. Results suggest
that distress tolerance is at least partially regulated by specific genetic variants. Implications are

discussed.
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Distress intolerance, which is defined as limited persistence in goal-directed activity when
experiencing aversive emotional states (Brown, Lejuez, Kahler, Strong, & Zvolensky,
2005), is a key component of emation regulation, and is associated with internalizing and
externalizing psychopathology. Adults with distress intolerance evidence increased rates of
Axis Il psychopathology (Daughters, Sargeant, Bornovalova, Gratz, & Lejuez, 2008; Gratz,
Rosenthal, Tull, Gunderson, & Lejuez, 2006), and eating disorders (Anestis, Selby, Fink, &
Joiner, 2007), as well as greater substance abuse severity (Quinn, Brandon, & Copeland,
1996) and more frequent relapse during abstinence attempts (Brown, Lejuez, Kahler, &
Strong, 2002; Daughters et al., 2005). Recent study of adolescent populations indicate that
distress intolerance is associated with externalizing and internalizing features that contribute
to the development of future psychopathology such as anxiety and depressive symptoms,
delinquent behavior and substance use (Daughters et al., 2009), risk-taking behaviors
(MacPherson et al., 2010), and self harm (Nock & Mendes, 2008). Distress tolerance may
also be related to traumatic stress and related phenotypes in certain populations (Danielson,
Ruggiero, Daughters, & Lejuez, 2010).

The distress intolerance construct originates with negative reinforcement theory, suggesting
that the motivational basis of many maladaptive behaviors is the escape or avoidance of
affective distress (Baker, Piper, McCarthy, Majeskie, & Fiore, 2004; Metcalfe & Mischel,
1999). For instance, when an individual is presented with a significant stressor that results in
affective distress (e.g., anxiety), the individual in turn narrows his/her focus on this
experience. As such, escaping (and over time, avoiding) this affective state becomes a
primary motivational concern. Using substance dependence as an example, an individual in
the early stages of an abstinence attempt who is experiencing physical and psychological
withdrawal symptoms such as irritability and anxiety may turn to substances to relieve these
symptoms, thereby continuing the cycle of addiction. The distress intolerance paradigm was
developed to assess this process quantitatively, and involves participant engagement in, and
persistence on, a computerized task that gradually increases in difficulty, thereby increasing
affective distress. The participant has the option to persist (with some small positive
reinforcement available for persisting) or to terminate the task, thereby reducing affective
distress in the short-term and rewards in the long-term. From this perspective, the
measurement of distress intolerance effectively creates a laboratory paradigm with high
internal validity by creating a synthetic controlled situation where affective distress and
negative reinforcement processes interact, allowing the participant to make the real-world
decision of persisting through or avoiding distress.

The genetic mechanisms underlying the development of distress intolerance are relatively
poorly understood. This limited understanding represents a gap in the literature as the
discovery of genetic predispositions for the development of distress intolerance may aid in
the early identification of at-risk individuals. Of particular interest, findings indicate that
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alleles at both the promoter region of the serotonin transporter gene (SLC6A4) and COMT
Vall®8Met (rs4680) may be risk factors for emotion-regulation difficulties. Pre-clinical data
show evidence for large increases in serotonin (5-HT) efflux in the medial pre-frontal cortex
in response to uncontrollable, but not controllable, stress in humans (Bland et al., 2003).
Additionally, serotonin is implicated in amygdala inhibition (Rainnie, 1999; Rainnie,
Asprodini, & Shinnick-Gallagher, 1991). Anxiety has been found to be inversely related to
5-HT efflux in animal models (Hashimoto, Inoue, & Koyama, 1999). Therefore,
examinations of genetic variants that functionally are related to 5-HT activity may be related
to stress regulation constructs, such as distress tolerance. The biological activity of 5-HT is
regulated by the protein product of the SLC6A4 gene, with the serotonin transporter
influencing synaptic availability of 5-HT by sequestering it back into presynaptic neurons. A
variable number tandem repeat (VNTR) polymorphism within the SLC6A4 gene, referred to
as the 5-HTTLPR polymorphism, has two alleles -- short (s) and long (I). As compared to
carriers of the s variant, carriers of the | of the 5-HTTLPR polymorphism transcribe upwards
of two times as much mRNA encoding the 5-HT transporter (5-HTT), and when examining
protein levels from membrane preparations from lymphoblasts, | homozygotes had 30-40%
higher marker binding compared to the membranes from I/s or s/s cells (Lesch et al., 1996).
This reduced 5-HTT transcription of the s allele presumably results in less efficient reuptake
and increased levels of synaptic serotonin (Lesch, et al., 1996). Converging lines of evidence
suggest that the 5-HTTLPR s allele is related to multiple behavioral and neural constructs
that share an underlying aspect of negative affect reactivity and regulation, therefore having
clear relevance to distress tolerance. For example, in human studies, the s allele has been
associated with anxiety and stress related phenotypes. Specifically, the s allele of
polymorphism has been associated with greater amygdala responding to fearful faces and
other forms of threatening emotional stimuli (Hariri et al., 2002; Munafo, Brown, & Hariri,
2008). In fact, this locus has been found in a meta-analysis to account for up to 10% of the
variance in amygdala reactivity to threatening stimuli (Munafo, et al., 2008), underscoring
the importance of studying this locus in relation to a behavioral manifestation of tolerance of
negative emotion (i.e., distress tolerance). Carriers of the s allele also show decoupling of
the amygdala-frontal brain feedback circuit responsible for extinction of fear conditioning
(Pezawas et al., 2005). Also relevant to distress tolerance, the s allele has been associated
with prolonged cortisol secretion in response to an acute stressor (Gotlib, Joormann, Minor,
& Hallmayer, 2008). Taken together, it is possible that stress related increases in 5-HT may
be compounded in s’ allele carriers, as they already have elevated synaptic 5-HT, and
following, the s’ allele carriers may have poorer distress tolerance.

The COMT enzyme catalyzes the transfer of a methyl group from S-adenosyl-methionine to
a hydroxy!l group of catecholamines and therefore is involved in the degradation of
prefrontal cortex catecholamines (e.g., dopamine, epinephrine, and norepinephrine;
Weinshilboum, Otterness, & Szumlanski, 1999). Given the key role catecholamines play in
emotion related phenotypes, there is reason to believe that functional variants within the
COMT gene may be related to distress tolerance. COMT Vall>8Met (rs4680) is a functional
polymorphism influencing dopaminergic systems. It involves a common valine (Val; high
activity) to methionine (Met; low activity) transition that has been associated with a 3-4 fold
difference in COMT enzyme activity between homozygotes (Val/Val vs. Met/Met), with
heterozygotes showing intermediary enzyme activity (Weinshilboum, et al., 1999).

This polymorphism is a clear candidate for studying in relation to distress tolerance as it has
been found to be associated with constructs that are related to distress tolerance (e.g., neural
activity to negative stimuli, emotionality during stress); however, there is mixed evidence as
to which allele (Met or Val) is associated with these emotion regulation-related phenotypes.
Low distress tolerance is related to anxiety disorders (Daughters, et al., 2009), and the Met
allele of this polymorphism has been found to be associated with anxiety disorders
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(Domschke et al., 2004; Enoch, Xu, Ferro, Harris, & Goldman, 2003; McGrath et al., 2004;
Olsson et al., 2005; Pooley, Fineberg, & Harrison, 2007; Woo et al., 2004). The Met allele
has also been associated with other constructs related to distress tolerance, such as greater
pain sensitivity (Diatchenko et al., 2005), and a potentiated startle reflex to aversive stimuli
(Montag et al., 2008). Of relevance to the present study of distress tolerance, in a subsample
of adolescent girls, homozygous Valallele carriers reported greater maintenance of positive
emotions during stress compared to Met®® homozygotes (Waugh, Dearing, Joormann, &
Gotlib, 2009). Converging lines of evidence suggest that the Met allele may be related to
poorer distress tolerance; however, discrepant findings of this polymorphism have been
reported in the literature, and a case could also be made for the Val allele being associated
with poorer distress tolerance. For example, the Val carriers have been shown to perform
poorer than Met carriers on tasks that are prefrontal cortex dependent, such as the Wisconsin
Card Sorting Test (Egan et al., 2001), and Val carriers also display relatively greater
activation of the dorsolateral prefrontal cortex (PFC) during the Wisconsin Card Sorting
Task performance, suggesting that Val carriers have less efficient PFC function (cf.,
Tunbridge, Harrison, & Weinberger, 2006), which may also be related to poor emotion
regulation.

Taken together, the link between distress intolerance and a variety of important clinical
outcomes suggests it may provide an important intermediary phenotype for putative genetic
markers having similar clinical associations. In the current study, we address the first step in
this line of research by examining whether adolescents who demonstrate diminished
persistence during a stressful task (i.e., distress-intolerant youth) are more likely to carry the
s allele of the 5-HTTLPR. We also hypothesize a relationship between performance on the
task and the COMT Val*%6Met (rs4680) polymorphism, with distress-intolerant youth being
more likely to carry the Met allele, as previous research has found that Met allele youth had
lower positive emotions during a stress task than Val carriers (Waugh, et al., 2009).

This study employed data from a sample of early adolescents (7= 277) ages 9 to 13 at initial
enrollment participating in a larger prospective study of behavioral, environmental, and
genetic mechanisms of risk for HIV-related risk behaviors in youth. Follow-up assessments
were conducted at yearly intervals for 2 consecutive years and are ongoing with additional
assessments planned. The current study presents data from the first annual follow-up
assessment (Wave 2) of the study. Permission to conduct research was obtained from the
University of Maryland Institutional Review Board (IRB). Saliva specimens were collected
using the Oragene® DNA Self-Collection Kits as directed by the manufacturer.

Participants included in the present analyses were youth who completed both the baseline
and the first annual follow-up assessments (Waves 1 and 2). Participants were excluded
from the present analyses if they did not complete Wave 2 of data collection (7= 33) or
were missing data on the distress tolerance task (1= 3) or valid genetic data for both
polymorphisms of interest (n = 23). Participants lost to attrition included those who could
not be located or did not respond to phone or letter inquiries. Excluded participants did not
differ significantly on the main study variables (p’s >.05). The resultant sample of 218 youth
had an average age of 12.1 years (SD = .90) and was 44.5% female and 51.4% European-
American (EA); see Table 1.
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Demographics—The parent/guardian completed a basic demographics form for personal
information, as well as information about the child. The form included age, sex, race, and
annual family income. The annual family income variable was collapsed into quartiles
(0-48,000, 48,001-85,000, 85,001-120,000, 120,001-highest). Race was analyzed dummy
coded variables (EA versus non-EA; AA versus non-AA, “other” versus EA and AA).

Emotional Abuse—Because previous findings related to childhood maltreatment and
subsequent symptoms to distress tolerance (Danielson, et al., 2010), the Childhood Trauma
Questionnaire-Short Form (CTQ) emotional abuse subscale was used to assess childhood
maltreatment experiences (i.e., “while you were growing up”). The emotional abuse
subscale contains 5 items rated on a 5-point scale ranging from 1 (never true) to 5 (very
often true). Scores on the subscale are stable over time and show convergent and
discriminant validity with other trauma measures (Bernstein et al., 1994). The CTQ has
good sensitivity and satisfactory specificity when self-reports are compared with trauma
ratings form child welfare records and reports of family members and clinicians (Bernstein,
Ahluvalia, Pogge, & Handelsman, 1997). Internal consistency of the emotional abuse
subscale in the present sample was good (a = .84). This variable was used continuously in
regression analyses, however, a median split was used to create a dichotomous variable for
interaction analyses.

Distress Tolerance—The Behavioral Indicator of Resiliency to Distress (BIRD; Lejuez,
Daughters, Danielson, & Ruggiero, 2006), developed based on the adult computerized
distress tolerance task, the Paced Auditory Serial Addition Task — Computerized Version
(PASAT-C; Lejuez, Kahler, & Brown, 2003), was used as a behavioral measure of distress
tolerance. Ten numbered boxes (1-10) are presented on a computer screen, as is an image of
a bird in a cage. Participants are instructed to use the computer mouse to click a green dot
that appears above a numbered box before the green dot jumps to another number. If the
numbered box where the green dot is located is successfully clicked before the dot moves,
the bird then flies out of its cage, the computer makes a pleasant chirping sound, and a point
is earned. Alternatively, if the green dot moves before the youth clicks on the numbered box
or the wrong numbered box is clicked, a loud and unpleasant noise is made, the bird remains
in its cage, and no point is earned. The first level of the BIRD lasts 3 minutes. This level
begins with a 5-second latency between dot presentations and changes this latency based on
performance (correct answers reduce the latency by 0.5 seconds whereas incorrect answers
or non-responses increase the latency 0.5 seconds); from this level an average latency is
calculated to index skill level. The second level is more difficult, beginning with the average
latency from the previous level for four minutes and then reducing the latency by half for the
final minute making the task extremely difficult (i.e., challenge latency). Following a brief
rest period, the final level includes the challenge latency for up to 5 minutes. At all points in
the final level, the participant has an escape option. Specifically, the participant is informed
prior to beginning the final level that they can click the ‘quit game’ button on the computer
screen to end the game, but that the magnitude of the prize earned is dependent on task
performance.

Throughout the task, the total number of points earned is visible on the upper right hand
corner of the screen. Distress tolerance is indicated by persistence on the final level, and is
examined as a categorical variable (whether or not they terminated the task); previous
studies of the BIRD indicate that approximately 50% of participants quit the task
(Danielson, et al., 2010; Daughters, et al., 2009). Participants were told their overall prize
would be improved based on their performance but were given no other specific information
about the requirements for each prize (Lejuez, et al., 2003). Previous studies using the BIRD
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reported no relation between quitting the BIRD task and psychological distress, supporting
the contention that the BIRD is measuring an ability to tolerate distress, not just the
experience of distress (Danielson, et al., 2010; MacPherson, et al., 2010).

To assess change in negative affect during the task, participants completed the positive and
negative affect schedule-children (PANAS-C; Laurent et al., 1999) prior to the first level
and after the second level of the task. The PANAS-C consists of positive and negative affect
subscales on a 10-point scale ranging from ‘not at all” to ‘extremely’. Participants rated the
degree to which they currently felt excited, mad, interested, frustrated, happy, upset,
energetic, embarrassed, proud, and nervous. Consistent with previous research
(MacPherson, et al., 2010), distress was indexed based on the composite of mad, frustrated,
upset, embarrassed, and nervous.

Collection of DNA Samples

Genotyping

Saliva collected via the Oragene protocol was sent to Yale University for DNA isolation and
genotypic analyses.

We examined the functional variable number tandem repeat (VNTR) polymorphism in the
5 flanking regulatory (promoter) region of the gene (SLC6A4) coding for the serotonin
transporter protein. This polymorphism (5-HTTLPR) is generally defined by two common
alleles that have been categorized according to the number of repeats they have as ‘long” (1)
(16 repeats) and ‘short’ (s) (14 repeats). Other alleles are observed in some populations. The
5-HTTLPR was classified into s and | alleles as was done in a previous report using data
from this sample (Sadeh et al., 2010). Polymerase chain reaction and subsequent size
fractionation were performed as described elsewhere (Gelernter, Kranzler, & Cubells, 1997).
Allele frequencies did not deviate significantly from Hardy-Weinberg equilibrium
expectations in the full sample (y?=.12, ns) or within the EA (y%=.12, ns), AA (y?=.43, ns),
and “other” groups (y%=1.28, ns). Genotyping of the COMT Val'*®Met (rs4680) single
nucleotide polymorphism (SNP) was conducted with a fluorogenic 5" nuclease assay
method (“TagMan”) using the ABI PRISM 7900 Sequence Detection System (ABI, Foster
City, CA, USA). This instrument uses probes with two dyes on opposite ends of a target
sequence oligonucleotide to recognize SNP polymorphisms. One dye is a reporter dye, the
other a quencher. When the probe is intact, the quencher suppresses fluorescence from the
reporter; when the quencher and reporter are separated, the reporter emits a fluorescence
signal. When the probe hybridizes exactly to its complement, the 5" exonuclease activity of
Taqg polymerase cleaves the probe and allows the signal to be detected. Allele frequencies
for rs4680 did not deviate significantly from Hardy-Weinberg equilibrium expectations in
the full sample (y?=1.08, 1), or within the EA (y?=1.73, ns), AA (y?=.22, ns) and “other”
groups (;(2:1.27, ns). For quality control, 8% of the SLC6A4 genotypes, and all COMT
rs4680 genotypes, were repeated; no discordant genotypes were found.

Statistical Analyses

Pre-post affect change was examined via a t-test to determine if the BIRD was
psychologically stressful. To examine the relation between BIRD performance and genetic
makers three sets of analyses were conducted. First, chi-squared analyses were conducted to
test whether the polymorphisms were associated with BIRD performance (quitting or
persisting on the task). Second, chi-square analyses were conducted to determine if BIRD
performance or genotype differed by key variables (e.g., race/ethnicity). Third, a logistic
regression analysis was conducted to determine whether any observed association remained
significant after adjusting for sex, age, self-reported race, and history of emotional abuse.
Next, an allele risk summative count variable to combine the two polymorphisms was
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created, and another regression was conducted. These regression analyses were also
conducted in the subsample of the EA participants. Last, exploratory analyses were
conducted to examine possible gene-environment interactions between the two
polymorphisms, the genetic risk sum variable, and emotional abuse; these regressions were
also conducted in the sub-sample of EA participants.

Descriptive statistics for independent variables are provided in Table 1. Of those with
genotype data for 5-HTTLPRand COMT Vall*8Met (r7=218), 52.3% quit the BIRD task
(n=114), and the remaining 47.7% persisted on the task (n=104). The BIRD was
psychologically stressful, as indicated by a significant pre-post change in distress (£6.73,
p<.001). However, pre-post change in distress in response to the task was unrelated to
whether or not youth quit the BIRD (p>.50), indicating that lower persistence on the task is
not simply a measure of increased negative affect. Additionally, genotypes for both
polymorphisms were not related to changes in negative affect pre- to post-task (p’s >.6).
Self-reported race/ethnicity was not associated with BIRD performance in the EA vs. all
others (x°[1, n=218]=.02, p=.88), AA vs. all others (x*[1, n=218]=.69, p=.41), or “other”
vs. EA and AA group (x?[1, n=218]=.72, p=.39), nor was age (x°[4, n=218]=1.77, p=.78),
nor was sex (Xz[l, n=218]=.12, p=.73). Emotional abuse was marginally, but not
significantly, associated with BIRD performance (Xz[l, n=218]=2.0, p=.10).

As can be seen by the frequencies reported in Table 1, genotype frequencies for the 5-
HTTLPR (x ?[2, n=218]=6.31, p<.05) and COMT (rs4680) (x 2[2, n=218]=7.89, p<.05)
genotype distribution differed between EA and non-EAs. Additionally, the frequencies for
5-HTTLPR (x 2[2, n=218]=7.21, p<.05) and COMT (4680) differed between AA vs. non-
AAs (x 2[2, n=218]=6.03, p<.05). Therefore correction based on self-reported racial/ethnic
status (two dummy coded variables: EA versus non-EA, AA versus non-AA) was used to
ensure that population stratification was not a potential cause of false positive findings. Of
note, frequencies for these genotypes did not differ between “other” participants and EA and
AA participants.

The chi-squared linear-by-linear association test revealed a significant association between
the 5-HTTLPR polymorphism and BIRD performance (Xz[l, n=218]=3.92, p<.05; see
Figure 1). The additive model of COMT Val'*®Met was not significant (y2[1, n=218]=1.59,
p=.21); however, when a Val dominance model was examined (consistent with previous
studies; Barnett, Jones, Robbins, & Muller, 2007; Dumontheil et al., In press; Hersrud &
Stoltenberg, 2009; Reuter & Hennig, 2005), there was a significant relationship between the
Vall58Met polymorphism and BIRD performance (x ?[1, n=218]=4.86, p<.05; see Figure 2).
To test whether the associations between the polymorphisms and BIRD performance
remained significant after controlling for sex, age, racial/ethnic status, and emotional abuse
history, a logistic regression analysis was conducted. As shown in Table 2, the s allele of the
5-HTTLPR (additive model) remained significantly associated with increased likelihood of
quitting the BIRD task (OR=3.86) after controlling for key variables. The relationship
between the COMT Val'*8Met polymorphism and BIRD performance also remained
significant after accounting for demographic variables and emotional abuse history (Table
2). The Val allele was associated with 5.08 fold higher likelihood of quitting the task. The
epistatic interaction (including the two variants studied) was also examined, and it did not
reach significance (p=.06). The analysis was conducted again in the subsample of EA
participants, and the findings were in the same direction as they were in the full sample
(Table 2), however, neither the 5-HTTLPR (OR=2.14, p=.29) or the COMT Val'*8Met
(OR=2.14, p=.29), perhaps due to decreased power.
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A summary variable was created to combine these two polymorphisms into a summative
risk allele count, and this was used in a regression analysis. As shown in Table 3, each risk
allele the child had was associated with a 1.75 fold increased likelihood of quitting the task.
This analysis was also conducted within the subsample of EA participants, resulting in the
same pattern of findings from the full sample (genetic sum score OR=1.76, p=.02).

Exploratory analyses were conducted to examine if the relationship of the polymorphisms to
performance on the BIRD is moderated by a history of childhood emotional abuse. Three
regressions were conducted in the full sample, and repeated in the EA subsample. The first
examined the interaction between the 5-HTTLPR and emotional abuse, and this interaction
was significant in the full sample (OR=2.26, p=.02), suggesting that youth with the s/s
genotype who have a history of emotional abuse were the most likely to quit the task. In the
EA-only subsample this finding was not significant (p=.06). The relationship between the
COMT Val®8Met (rs4680) polymorphism was not moderated by emotional abuse in the full
sample or EA only sub-sample (ps>.41), however, the effect of the genetic risk allele count
variable that combines the two polymorphisms was moderated by emotional abuse in the full
sample (OR=1.54, p=.04), but not in the EA-only subsample.

Discussion

Within the behavioral genetics literature there has been limited success in the identification
of specific genes that predict psychiatric phenotypes, and investigations of potential
intermediary phenotypes, such as the present study, may help in this line of research. The
present study extends the literature by employing a behavioral task that reliably produced
psychological stress, as indicated as pre-post changes in negative affect, to assess a potential
intermediary phenotype (“distress tolerance”) and examining the association between
distress tolerance and well-characterized genetic polymorphisms, the 5-HTTLPR s/l variants
of SLC6A4and the COMT Val**6Met (rs4680) SNP. A genetic sum score suggests that
each risk allele of these two polymorphisms is associated with a higher likelihood of quitting
the task. This analysis was also significant in the EA-only subsample. Exploratory analyses
revealed a significant moderation effect of an environmental variable, childhood emotional
abuse, on the relationship between both the 5-HTTLPR and the genetic sum score, on
likelihood of quitting the BIRD.

Results of the current study indicate that children who carry the s allele of the serotonin
transporter polymorphism are more likely to quit the task compared to those who do not
have an s allele. The s allele has been associated with less efficient 5-HT reuptake in
previous research, and it is possible that stress related influx of 5-HT may be compounded in
those with the s allele. Given the higher levels of synaptic 5-HT associated with the s allele,
heightened sensitivity to the environment may result, and in high stress situations this
heightened sensitivity may be particularly maladaptive (Koenen et al., 2009). Consistently,
the s allele has been linked to lower emotional resilience in young adults (Stein, Campbell-
Sills, & Gelernter, 2009). Given that 5-HT is involved in amygdala inhibition (Rainnie,
1999; Rainnie, et al., 1991), under stressful conditions, such as performing the BIRD task, s
carriers who have less efficient 5-HT neurotransmission may have altered neural responses,
and therefore the possibility of more negative emotion, during stressful situations like BIRD
performance. This interpretation is consistent with research suggesting that s allele carriers
show greater neural reactivity in the amygdala in response to negative or threatening stimuli
(Hairiri et al., 2002; Munafo, et al., 2008). Indeed, this is an empirical question in need of
future study. Additionally, our results associating the s allele with poorer distress tolerance
are also consistent with previous findings of the s allele being related to prolonged cortisol
secretion following a stressor (Gotlib, et al., 2008). Additionally, our results are consistent
with studies showing a relationship between this polymorphism and other forms of emotion
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regulation difficulties (e.g., disinhibition variables including impulsivity, sensation-seeking,
and risk-taking; Kreek, Nielsen, RButelman, & LaForge, 2005). Notably, exploratory
analyses revealed that for youth who experienced emotional abuse and were s’ allele carriers
the risk of quitting was higher. This gene-by-environment (GxE) interaction is consistent
with recent meta analyses suggesting that the 5-HTTLPR and traumatic life events interact
to produce risk for depression (Sen et al., 2011); however, this is a current subject of much
debate.

Carriers of the Val allele of COMT (rs4680) were also more likely to quit the BIRD
compared to those without a Val allele in the dominant model. As this polymorphism is
functional and associated with more rapid catabolism of synaptic dopamine, Met carriers
may have enhanced dopamine signaling compared to Val carriers (Tunbridge, Bannerman,
Sharp, & Harrison, 2004). The Val allele has been associated with cognitive inefficiency
during various tasks involving cognitive control. For example, the Val allele has been found
to be related to poorer performance on tasks that are prefrontal cortex dependent, such as the
Wisconsin Card Sorting Test (Egan, et al., 2001), and Val carriers also display relatively
greater activation of the dorsolateral prefrontal cortex (PFC) during the Wisconsin Card
Sorting Task performance, suggesting that Val carriers have less efficient PFC function (cf.,
Tunbridge, et al., 2006), perhaps explaining why such individuals were more likely to quit
the BIRD task. Also consistent with our findings, recent studies suggest that healthy female
Val/Val carriers exhibit greater neural activation in the left amygdala and right temporal
pole in response to fearful faces (Kempton et al., 2009), and Val/Val carriers of both sexes
display increased immediate reward bias (Boettiger et al., 2007). It is possible that the
immediate reinforcement value of quitting the task outweighed the delayed reward to be
earned after persisting on the task.

Notably, findings regarding the COMT Vall58Met (rs4680) polymorphism are mixed and
may be sex dependent (e.g., Coman et al., 2010), and may also be affected by epigenetic
processes, such as methylation (Ursini et al., 2011). With regard to population genetics, both
alleles are maintained at a high level, and following, each allele may have environmentally
specific benefits. Multiple studies have reported the Met allele to be related to greater
amygdala and limbic activation in response to emotional stimuli (e.g., Drabant et al., 2006;
Hariri, et al., 2002; Smolka et al., 2005), suggesting potential difficulties in emotion
regulation. The Met allele has also been associated with greater prefrontal activity during
reward anticipation (Yacubian et al., 2007), which is related to BIRD performance in that
persistence on the task increases the likelihood of a higher reward. In our data, the Met
allele, in a dominate model, was associated with more preservative responses, which is
consistent with the association between perseverative errors and this allele on the Wisconsin
Card Sorting Test (Egan, et al., 2001), and, although in the context of measurement of
distress tolerance this is often perceived positively, it will be informative to examine other
measurement forms of distress tolerance. Therefore, although our findings suggest an
important role for this polymorphism with respect to distress tolerance, the findings should
be interpreted within the context of arguably inconsistent results in the literature, and
suggest the importance of further studies including those that examine this variant under a
variety of stress conditions.

To best understand the practical utility of the current findings, it is important to consider the
potential clinical implications that stem from a youth’s performance on the BIRD. Studies
examining the relationship between distress tolerance (i.e., BIRD performance) and
externalizing and internalizing problems among youth suggest have provided mixed results,
such that low distress tolerance is associated with early alcohol use, risk behavior,
internalizing problems, delinquent behavior, and PTSD symptoms only among specific
populations (Daughters, et al., 2009) (Danielson, et al., 2010; Daughters, et al., 2009).
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Specifically, low distress tolerance confers increased risk for alcohol use among Caucasians,
internalizing symptoms among females, delinquent behavior among African Americans, and
PTSD symptoms among trauma exposed girls. No significant associations were found
between distress tolerance and alcohol use among ethnic minority youth, nor were
significant associations found between distress tolerance and PTSD avoidance symptoms
among trauma-exposed boys (Danielson, et al., 2010). Thus, low distress tolerance may be a
key risk factor for the development of internalizing and externalizing psychopathology, the
specific manifestation of which is dependent on additional factors. Although continued
research is needed to determine how distress tolerance manifests across individuals, our
knowledge to date indicates that distress tolerance is a specific target for prevention and
early intervention efforts. Additionally, data from the cohort studies in this paper suggest
that distress tolerance was related to risk taking behaviors under the context of high risk
taking propensity (MacPherson, et al., 2010). The current study extends these findings by
potentially further identifying specific features (genotypes) and thus subgroups who may
have difficulty tolerating negative affect—and potentially clarifying why previous studies
have not yielded consistent findings among distress tolerance problems and negative
outcomes among all youth. For example, perhaps youth with the ss genotype have lower
distress tolerance and may benefit from bolstering of related coping skills—so as to
ultimately reduce risk for substance use problems and/or PTSD following trauma exposure.
Future research is needed to test this and other hypotheses.

Limitations and Future Directions

An important caveat about the measurement of distress tolerance in the current study is
important to note; specifically the use of a behavioral task versus self-report. Recent
findings have indicated that there are inconsistencies in the measurement of this construct
with respect to self-report versus behavioral tasks (Levro, Zvolensky, & Bernstein, 2010;
Marshall-Berenz, Vujanovic, Bonn-Miller, Bernstein, & Zvolensky, 2010; McHugh et al.,
2011) and accordingly speculations that these assessment methods capture different aspects
of distress intolerance. It has been suggested that self-report measurement more directly taps
perceived sensitivity to distress whereas behavioral measurement assess the inability to
persist in a goal-directed behavior when distressed (McHugh et al., 2011). This work
comparing methods of measurement has been conducted exclusively with adults thus it is
difficult to say with much certainty how these findings apply to youth and consequently
whether the generalizability of our findings is limited. Future work would benefit from
examining both how these types of measurement relate in youth as well as if the
relationships with the genes outlined in the current study vary by method of measurement.

Although this study represents an important extension to the literature, it is not without its
limitations. First, ancestral informative markers were not available in this study, and
therefore we had to rely on controlling for population stratification was based on self-
reported racial/ethnic status. Additionally, when analyzing the EA-only sample the
independent polymorphism analyses were only trends, not significant, however, the
combined polygenetic risk score analysis was significant in this subsample. Second, the
sample size is relatively small for a genetic association study. Third, we focused on single
polymorphisms. Future studies should utilize fine mapping of candidate genes to capture the
majority of the variation in regions of interest. Additionally, the 5-HTTLPR data only
captured the VNTR two alleles (i.e., s and I). Within the L allele there is an A-to-G single
nucleotide polymorphism rs25531 (Nakamura, Ueno, Sano, & Tanabe, 2000) that affects the
transcriptional activity of the gene, with Lg having functional activity comparable to the s
allele (Hu et al., 2005). This should be examined in future studies. Additionally, the COMT
rs4680 polymorphism was examined in a dominate model given the small sample and low
power. Although we believe the BIRD is a promising behavioral measure of distress
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tolerance, it still needs to be subject to increased research and psychometric validation.
Lastly, the present study is only using one wave of data from a longitudinal study. As
additional waves of data become available from this project, we will be able to further
examine the use of the genetic predictors of performance on this behavioral task of distress
tolerance as potential indicators of a latent vulnerability towards future engagement in risk
behaviors among youth.
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Figure 1.
Percent of participants who quit the BIRD by 5-H7TTLPR genotype.
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Figure 2.
Percent of participants who quit the BIRD by COMT Vall58Met genotype.
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Table 1

Frequencies for Independent Variables by Genotype, (N=218)

5-HTTLPR COMT Vall58Met Total
sls s/l N Met/Met Met/Val Val/Val n=218
n=28 n=99 n=91 N=43 N=99 N=76
Age (M, SD) 12.2(98) 12.1(83) 12.0(96) 12.2(.76) 12.0 (.92) 12.0(.96) 12.1(.91)
Sex
Female (n,%)  10(35.7)  46(46.5)  41(45.1) 15 (34.9) 41 (41.4) 41(53.9) 97 (44.5)
Male (n, %) 18(64.3)  53(535)  50(54.9) 28 (65.1) 58 (58.6) 35(46.1) 121 (55.5)
Race/Ethnicity
EA (n, %) 18 (64.3)  56(56.6)  38(41.8) 30 (69.8) 49 (49.5) 33(43.4) 112 (51.4)
AA (n, %) 4(143)  30(303) 37(40.7)  9(20.9) 30 (30.3) 32(421) 71(32.6)
Other (n, %) 6(21.4)  13(131) 16(17.6) 4(9.3) 20 (20.2) 11(145) 35(16.1)
Family Income
0-48,000 5(17.9)  19(19.2) 26(286) 5(11.6) 26 (26.3) 19 (25.0) 50 (22.9)
48,001-85,000 4(143)  26(263) 22(242) 11(256) 20 (20.2) 21(276) 52(23.9)
85,001-120,000  5(17.9)  24(24.2) 22(24.2) 11(25.6) 24 (24.2) 16 (21.1)  51(23.4)
120,000-highest 14 (50.0)  30(30.3)  21(23.1) 16(37.2) 29 (29.3) 20(26.3) 65 (29.8)
Emot Abuse
Yes (n, %) 10 (35.7)  54(545)  48(52.7) 20 (46.5) 54 (54.5) 38(50.7) 105 (48.4)
No (n, %) 17 (60.7)  45(455)  43(47.3) 23 (53.5) 45 (45.5) 37(49.3) 112 (51.6)

Page 17

Note. Due to some missing data not all n’s add up to 218 (valid percentages presented). Abbreviations, EA is European American, AA is African
American, Emot Abuse is emotional abuse.
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Final Logistic Regression Analysis of the Association between 5-HTTLPR and COMT genotypes and BIRD

Performance in the Full Sample

BIRD Quit vs. No-Quit

Adjusted Odds

Variable Ratio 95% ClI p

Age .92 .66-1.30 .65
Male Sex (vs. female) .95 .54-1.67 .87
European American (vs. non-European American) 1.55 .70-3.45 .28
African American (vs. non-African American) 1.73 .75-3.99 .20
Emotional Abuse Subscale Total 1.02 .94-1.01 .72
5-HTTLPR (s allele is risk) 3.86 1.37-10.88 .01
COMT Val*>®Met (Val/- vs. Met/Met) 5.08 1.54-16.72 .007
5-HTTLPR x COMT Val'%8Met .34 .11-1.06 .06
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Table 3
Final Regression Analysis of the Association of the Genetic Sum Score and BIRD Performance in the Full
Sample
BIRD Quit vs. No-Quit
Adjusted Odds
Variable Ratio 95% ClI p
Age 91 .65-1.28 .58
Male Sex (vs. female) 91 .52-1.58 74
European American (vs. non-European American) 1.34 .61-2.92 A7
African American (vs. non-African American) 1.69 .73-3.90 22
Emotional Abuse Subscale Total 1.01 94-1.09 .77
Genetic Sum Score 1.75 1.22-251 .003

J Psychiatr Res. Author manuscript; available in PMC 2013 June 20.



