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Abstract

A number of studies have found an association between attentional bias for negative stimuli and
variation in the serotonin transporter promoter region polymorphism (5-HTTLPR). The current
project examined whether a positive social environment mitigates this association. More
specifically, we examined the relationship between attentional bias on the dot-probe task, variation
in the 5-HTTLPR and current social support among a community sample of adults (N=216).
Consistent with prior research, the S/Lg homozygotes were more likely than the other genotype
groups to have a negative attention bias. However, social support moderated the association
between 5-HTTLPR variation and attentional bias. The S/Lg homozygote group was particularly
likely to exhibit greater attentional bias towards negative stimuli at low levels of social support.
However, as social support improved, negative attention bias decreased. Findings suggest that
supportive environments may attenuate genetic associations with negative attention bias.

Keywords
Depression; Environmental Effects; Genetics; Attention; Cognitive Processes

Introduction

The cognitive model of depression (Beck, 1967) posits that attentional bias towards negative
stimuli plays an important role in the development of depression. A negative attentional bias
occurs when an individual disproportionately attends to negative stimuli over neutral or
positive stimuli. Negative attentional bias has been implicated in the onset of depression
(Beevers, Lee, Wells, Ellis, & Telch, 2011), has been linked to prolonged negative affect
(Clasen, Wells, Ellis, & Beevers, 2013; Sanchez, Vazquez, Marker, LeMoult, & Joormann,
2013), and increases in stress responsivity (Fox, Cahill, & Zougkou, 2010). Although
depression-vulnerable individuals often show a negative attentional bias compared to
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controls (Joormann & Gotlib, 2007), not all vulnerable individuals shows this bias. Thus,
individual differences may play a critical role in determining who is likely to possess a
negative attentional bias.

Serotonergic function is one individual difference that has been associated with the
pathogenesis of depression (Olfson et al., 2002; Stockmeier et al., 1998), although the exact
mechanisms behind this association are not yet completely understood (Lacasse & Leo,
2005). In recent years, serotonergic genetic variation has been intensely studied in relation to
depression. The serotonin transporter linked polymorphic region polymorphism (5-
HTTLPR) in the promoter region of the serotonin transporter gene (SLC6A4) has been of
particular interest to researchers, as it putatively influences transcriptional activity and
availability of serotonin (Collier et al., 1996). Of note, a recent meta-analysis suggests that
individuals with two copies of the 5-HTTLPR S/Lg variants are more likely to have a
negative attentional bias than carriers of other variants (Pergamin-Hight, Bakermans-
Kranenburg, van ljzendoorn, & Bar-Haim, 2012). Thus, variation in the 5-HTTLPR appears
to be reliably associated with negatively biased attention.

The current study aims to determine whether social support moderates the association
between 5-HTTLPR variation and negative attention bias. We focus on this possibility for
the following reasons. First, environmental adversity is an important risk factor for the onset
of depression (Mazure, 1998), although it seems unlikely that all environmental adversity is
created equally. Social support may be especially important in the context of depression. For
example, low social support prospectively predicted the emergence of depressive symptoms
(George, Blazer, Hughes, & Fowler, 1989), while high social support can buffer the
deleterious effects of stressors and attenuate the onset of depression (Cohen & Hoberman,
1983). The presence of social support also influences the course of depression. For example,
low social support increases the risk of suicidal behavior (Suresh Kumar & George, 2013)
and is associated with depression persistence (Lara, Leader, & Klein, 1997).

Second, earlier work suggests that carriers of at least one short allele of the 5-HTTLPR are
at increased likelihood for developing depression when they encounter environmental
adversity (Caspi et al., 2003), although this finding remains somewhat controversial as a
number of conflicting meta-analytic results have been observed (Risch et al. 2009; Karg K,
Burmeister M, Shedden K, & Sen S, 2011). Nevertheless, and most importantly for the
current study, social stressors have specifically been shown to interact with 5-HTTLPR
variation to predict MDD onset (Vrshek-Schallhorn et al., 2013). Notably, non-social
stressors did not have a similar association, suggesting that social stressors are particularly
important for the development of depression. Furthermore, the short allele of 5-HTTLPR
has been shown to predispose individuals to depression in the context of environmental
adversity and low social support (Kilpatrick et al., 2007). Thus, it appears likely that the
social environment could also impact the association between 5-HTTLPR variation and
other depression-related phenotypes, such as a negative attention bias.

The aim of this study was twofold. First, we examined whether we could replicate prior
research that suggests S or Lg 5-HTTLPR homozygotes have a greater negative attentional
bias than other 5-HTTLPR genotype groups. Second, we examined if the social environment
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moderated the relationship between 5-HTTLPR variation and negative attentional bias. We
hypothesized that S or Lg 5-HTTLPR homozygotes would show more negative attentional
bias, particularly under conditions of low social support. In contrast, the association between
5-HTTLPR variation and negative attentional bias would be attenuated when high social
support is present.

Methods

Participants

Participating community members (N=216, Mean age= 25, SD= 4.28, 58% female) were
61% Caucasian, 20% Asian, 5% African American, 5% more than one race, and 1%
Hawaiian/Pacific Islander, with 8% not endorsing race. Participants did not meet criteria for
serious current psychopathology, as determined by the Mini International Neuropsychiatric
Interview (MINI;Sheehan et al., 1998). Healthy individuals with no past or current
psychopathology were recruited in an effort to isolate the genetic and environmental
contributions to the attentional bias while removing third variable explanations, such as the
presence of psychopathology, which may be related to both social support and variation
within the selected gene.

Measures

Genotyping—Genomic DNA was isolated from buccal cells and saliva using a
modification of published methods (Freeman et al., 1997; Lench, Stanier, & Williamson,
1988; Meulenbelt, Droog, Trommelen, Boomsma, & Slagboom, 1995; Spitz et al., 1996).
Participants expectorated 2 ml of saliva into a 50ml tube. Swabs previously impregnated and
dried with lysis buffer (500 ul of 1 MTris—HCI; pH 8.0) 500 ul of 10% sodium docecyl
sulfate; and 100 pl of 5 M sodium chloride were then added to the 50ml tube. Samples were
stored at 4 °C until the DNA was extracted.

The assay for 5-HTTLPR was a modification of that used by Lesch and colleagues (Lesch et
al., 1996). The primer sequences are forward, 5-GGCGTTGCCGCTCTGAATGC-3’
(fluorescently labeled), and reverse, 5’-GAGGGACTGAGCTGGACAACCAC-3 with yield
products of 484 or 528 bp. To distinguish between the S, L, and Lg fragments, the PCR
fragment was digested with Mspl by methods described in Wigg et al. 2006. Allele sizes are
scored by two investigators independently and inconsistencies were reviewed and rerun
when necessary. An exact test for multiallelic Hardy Weinberg Equilibrium suggested that
the sample deviated significantly from Hardy Weinberg Equilibrium (p = 3.5 x 10 ~°) as
there were an excess of homozygotes.

Previous research (Hu et al., 2005; Zalsman et al., 2006) suggests that the Lg allele and the
S allele are similar in terms of transcriptional activity. Therefore, the S and Lg alleles were
treated as equivalents. For the sake of brevity and ease, Lg will hereafter be referred to as S.

Interpersonal Support Evaluation List—Quality of social support was measured by
the Interpersonal Support Evaluation List (ISEL:Cohen & Hoberman, 1983). The ISEL
consists of 40-items and is made up of 4 scales; Appraisal support, Belonging support,
Tangible support and Self-esteem support, which consist of 10 items each. In this study only
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total ISEL scores were considered. Items are scored on a four-point Likert scale ranging
from “probably false” to “definitely true”. Internal and test-retest reliability are satisfactory,
and the scale has demonstrated convergent validity (Cohen, Mermelstein, Kamarck, &
Hoberman, 1985).

Dot-probe task—Attentional bias was measured with the dot-probe task. The task was
presented on a 20-inch computer monitor. A fixation cross was presented for 500 ms,
followed by a pair of stimuli depicting an emotional or neutral facial expression that was
presented for 1000ms. The stimuli were selected from the KDEF stimulus set (REF) and
presented on the left and right side of visual field. Location of the emotion and neutral
stimulus varied randomly. The stimuli pairs consisted of an emotionally valenced facial
expression (e.g., sad or happy) and a neutral facial expression. Following offset of the
stimuli pair, a target, consisting of the letter O or Q, appeared in the place of either stimulus.
The target remained on screen until participants responded by classifying the target as O or
Q. The latency and accuracy of their responses was recorded. Incorrect responses were
excluded from the analyses. A total of 12 sad, 12 happy, and 24 neutral facial expressions
were presented four times each in two different blocks for a total of 192 trials. Stimuli were
matched for actor so that the only difference between stimuli pairs was emotion expression.

As described elsewhere (Gotlib, Krasnoperova, Yue, & Joormann, 2004), attentional bias
scores were calculated using the following formula:

[(RtLe - RtRe)+ (LtRe - LtLe)]

N | =

Attentional bias score=

where R = right position, L = left position, t = target and e = emotional word stimulus. A
positive bias score reflects a bias toward the emotional stimuli while a negative bias score
reflects a bias away from the emotional stimuli.

Center for Epidemiological studies Depression scale—The Center for
Epidemiological studies Depression scale (CESD; Radloff, 1977) was used to measure
severity of depressive symptoms. The CESD has 20 items; a sample item is “I thought my
life had been a failure”. The presence of symptoms in the last week is rated on a four-point
Likert scale ranging from “Not at all” to “A lot”. The CESD has demonstrated reliability and
validity (Radloff, 1977).

Procedure: All study procedures were completed at the University of Texas. Informed
consent was obtained and eligibility criteria were confirmed by structured clinical interview.
The self-report measures and a saliva sample for genetic analysis were collected during a
one-time laboratory assessment. This study was approved by the Institutional Review Board
at the University of Texas at Austin.

Statistical Analysis: All analyses were performed in Stata 12 (StataCorp, 2013). The
assumptions underlying regression were tested and confirmed for all analyses. Standardized
residuals following statistical modeling were examined for outliers using the Grubbs test. No
outliers were detected.
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Linear regressions were used to examine the relationship between 5-HTTLPR genotype,
social support and attentional bias. Social support and attentional bias were modeled as
continuous variables and 5-HTTLPR genotype was modeled as a group variable. Depression
severity (as measured by the CESD) was entered into all models as a covariate. The
correlation between 5-HTTLPR genotype and the social environment (as measured by the
ISEL) was non-significant (r = —0.0899, p = 0.1870), thus ruling out substantial gene-
environment correlation. All reported results were highly consistent when race was
accounted for, reducing the likelihood that the results were the result of population
stratification.

There was a significant main effect of 5-HTTLPR genotype on negative attentional bias
(F(2,212) = 4.01, p=0.02, R?= 0.04). Individuals with the SS genotype had significantly
more negative attentional bias than individuals with the SL and LL genotype (see Figure 1).
In a separate model, there was no significant main effect of level of social support on
negative attentional bias (F(2,213) = 0.98, p=0.4, R?= 0.01). To examine the specificity of
these results to negative attentional bias, we also examined the main effects of 5-HTTLPR
genotype and social support with positive attentional bias. There was no main effect of 5-
HTTLPR genotype on positive attention bias (F(2,212) = 1.24, p=0.29), nor a main effect of
social support (F(2,213) = 0.96, p=0.4, R2= 0.01).

5-HTTLPR x ISEL interaction

We then examined the interaction between ISEL scores and 5-HTTLPR: this interaction
significantly predicted negative attentional bias (F(2,206) = 3.96, p=0.02, R?(model)= 0.095;
see Figure 2). To clarify this interaction we first examined which slopes significantly
differed from 0. The slope for the SS group (b = -.48, SE = .19, p = 0.01) was significantly
different from 0, but the slopes of the SL (b =.39, SE =.30, p=0.2) and LL (b = .68, SE =.
34, p=0.5) groups were not. This indicates that negative attention bias decreased as ISEL
scores increased, but only in the SS group.

Next, we examined if the slopes for each genotype were significantly different from each
other. The slope of the SS group was marginally different from the slope of the LL group
(F(1,206) = 3.61, p=0.06) and significantly different from the slope of the SL group
(F(1,206) = 6.11, p=0.01). Regions of significance testing for the LL versus SL groups
indicated no region where the slopes differed from each other; however, the slope for the SS
group differed from the slope of the LL group at an ISEL total < 100 (p = .009) and the SS
and SL slopes differed at an ISEL < 96 (p=0.046). These cut-points were just above the
ISEL sample mean (M = 95.85, SD = 14.50).

Augain, to establish the specificity of these results, we examined the interaction of 5-
HTTLPR genotype and social support on positive attentional bias. This interaction was not
significant (F(2,206) = 1.06, p=0.35).
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Conclusion

In the current study we examined the relationship between 5-HTTLPR genotype, social
support and negative attentional bias. We first replicated previous findings that S/Lg
homozygotes were more likely to have a negative attentional bias than the other 5-HTTLPR
genotype groups (Pergamin-Hight et al., 2012). There are now a large number of studies that
have found this association, which is notable for genetic association studies that have often
been quite inconsistent (Kruijt, Putman, & Van der Does, 2014; Naudts, Azevedo, David,
van Heeringen, & Gibbs, 2012).

However, we build upon this prior work by demonstrating for the first time that the
relationship between 5-HTTLPR genotype and negative attentional bias may be moderated
by the social environment. More specifically, negative attention biases were present among
S allele homozygotes with adverse social circumstances (i.e., low social support).
Furthermore, the model that included social environment as a moderating variable explained
more of the variance than the model examining the main effect of 5-HTTLPR only (9.5% vs
4%).

These findings have several implications. First, when examining genetic contributions to
negative attentional bias it may also be important to consider the role of the environment in
order to maximize explanatory power. Second, these findings support earlier work (Slavich,
O'Donovan, Epel, & Kemeny, 2010; Vrshek-Schallhorn et al., 2013) suggesting that the
social environment may be especially important in the etiology of depression. Going
forward, investigators might distinguish between different types of environmental stressors
—the so-called candidate environment—since it seems unlikely that all environmental
stressors influence depression (or related phenotypes) to the same degree.

There are several limitations to this study that should be noted. The sample size (N = 216) is
relatively small for a genetic association study (particularly given our interest in the
interaction between social support and genetic variation), so these results need to be
replicated in a larger sample before we can be highly confident in the reliability of these
findings. In this study no measures of non-social environments were included, therefore we
cannot conclude that that the moderating effect of the environment is specific to the social
environment. We also relied on self-report measures of environment, which are prone to bias
(Monroe & Reid, 2008). Including interview-based measures that cover a broad range of
environment types (e.g., Adrian & Hammen, 1993; Hammen, 1991) would strengthen the
methodology. Future work may also examine the severity and timing of environmental
stressors. More severe stressors (Vrshek-Schallhorn et al., 2013) and stressors that occur
early in life (Heim, Plotsky, & Nemeroff, 2004) may be especially important in the context
of a genetic vulnerability. Since it is impossible to assign individuals to genotypes, we
cannot exclude that unmeasured third variables (e.g., linkage disequilibrium or population
stratification) are driving these results. Lastly, attentional bias is likely influenced by many
genes, therefore using methods that model the contribution of multiple genes to attentional
bias might explain more of the variance (Lubke et al., 2012).
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Despite these limitations, to our knowledge this study is the first to examine the relationship
between 5-HTTLPR genotype, social environment and negative attentional bias. These
findings suggest that individual differences in attentional bias might be influenced by
genetic variation and social support, suggesting a pathway through which genetic and
environmental vulnerability might influence the onset of depression.
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Figure 1.
Relationship between 5-HTTLPR genotype and negative attentional bias.
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Figure 2.
Relationship between negative attentional bias and social support (ISEL total scores)

presented as function of 5-HTTLPR genotype.
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