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Abstract: Major Depressive Disorder (MDD) is a pervasive, debilitating condition that affects 

roughly 16% of Americans in their lifetime. However, treatments for MDD are considered 

adequate in only 21% of cases. Although biological and cognitive models have significantly 

added to our understanding of MDD, relatively little work has been undertaken to bridge the two. 

In particular, the biological factors that contribute to cognitive risk factors for MDD remain 

largely unknown. This dissertation used a translational approach to identify the specific 

neurobiological underpinnings of cognitive vulnerability for MDD, with the goal of identifying 

neurocognitive interventions to help improve treatment outcomes. These results were built on an 

empirical foundation beginning with the neural substrates of Aaron Beck’s cognitive model of 

depression, and expanded on that literature by identifying genetic factors that predict the onset of 

maladaptive cognitive biases. Prospective research linking specific cognitive biases to 

naturalistic change in dysphoric symptoms was incorporated to establish the link between biased 

information processing and MDD maintenance. Finally, neuroenhancement techniques, such as 

low-level light therapy (LLLT), were used to augment the neural substrates of attention bias 

modification (ABM), a form of neurocognitive intervention, in order to optimize the treatment’s 

clinical efficacy. This line of research helps to establish cognitive biases as a causal 

endophenotype for MDD, explores novel augmentative treatment strategies, and advances our 

understanding about biomarkers that predict improved clinical outcome. 
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Introduction 

Major Depressive Disorder (MDD) is a pervasive, debilitating condition characterized by 

significant impairment across numerous affective, cognitive, and physical domains. The 

worldwide impact of MDD is staggering – the World Health Organization estimates depression 

to be the leading cause of disease burden and disability worldwide (World Health Organization, 

2001). Individuals experiencing depression are at an increased risk of unemployment, 

interpersonal problems, substance abuse, and suicide attempts (Kessler & Walters, 1998). 

Numerous models have attempted to uncover the factors that lead to the onset and 

maintenance of MDD. These models generally focus on individual domains of impairment, often 

with a focus on cognitive influences, e.g. (Beck, 1987), or biological influences, e.g. (Mayberg, 

1997; Schildkraut, 1965). Such models have been used as foundations for clinical interventions 

targeting the respective domain of impairment. These include attempts to improve upon the 

cognitive substrates of depression, e.g. cognitive behavioral therapy (CBT) (Beck, Rush, Shaw, 

& Emery, 1979), and attempts to improve upon the biological substrates of depression, e.g. 

antidepressant medication, electroconvulsive therapy, or deep brain stimulation (Fournier et al., 

2010; Mayberg et al., 2005; Rudorfer, Henry, & Sackeim, 2003). National treatment guidelines 

for MDD have been developed in order to standardize care for MDD (American Psychiatric 

Association, 2000; W. D. Robinson, Geske, Prest, & Barnacle, 2005). However, the success rate 

of such treatment has been poor, with adequate treatment estimated in only 7-30% of cases 

(Beautrais et al., 1996; Harman, Edlund, & Fortney, 2004; Katz, Kessler, Lin, & Wells, 1998; 

Kessler et al., 2003; A. S. Young, Klap, Sherbourne, & Wells, 2001).  

One likely explanation for the inadequacy of depression treatment is difficulty 

reconciling the various models used to explain MDD. Although cognitive models and biological 
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models for depression date back decades, only recently have researchers attempted to view the 

interplay between the two. For example, subgenual cingulate hypoactivity and amygdala 

hyperactivity were shown to predict CBT response (Siegle, Carter, & Thase, 2006), and CBT has 

been shown to influence cortical-limbic pathways and brain glucose metabolism (Goldapple et 

al., 2004; Kennedy et al., 2007). However, research to date has been largely retrospective (i.e., 

observing to see how cognition changes as a function of biological intervention and vice versa). 

Relatively little research has been conducted with the goal of using biology as a guide for 

ameliorating the maladaptive cognitions that contribute to MDD. 

This dissertation aims to address this gap by developing a translational approach for 

modeling the relationship between biology and cognition in the onset and maintenance of 

depression. Translational approaches that use biological research to develop or improve 

treatments have been emphasized by the National Institute of Mental Health (NIMH) as a way to 

improve public health outcomes (Insel, 2009). Considering the strong support identifying 

maladaptive cognition as a causal endophenotype for MDD, research designed to identify and 

correct the biological substrates of maladaptive cognition could significantly improve treatment 

efficacy.  

This dissertation includes five studies designed to support this translational effort. 

Collectively, these projects identified specific cognitive biases that predict depression symptom 

course (study 1), established an integrated cognitive-biological model of depression (study 2), 

explored genetic predictors of cognitive vulnerability (studies 3 & 4), and used 

neuroenhancement to modulate key brain regions and augment the clinical efficacy of a 

cognitive treatment intervention (study 5).   
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Before discussing the research in more detail, I provided a brief epidemiological 

description of MDD, summarized the existing cognitive and biological models of depression, and 

reviewed the current status of depression treatments. I will then outline the specific aims of the 

dissertation research and provide an overview of the studies involved.  Finally, I will conclude 

with a discussion that integrates the findings from all five studies while proposing future 

directions for research. 

 

Depression: Description, Epidemiology, and Impact 

MDD is the formal name applied to unipolar depression by the Diagnostic Statistical 

Manual for Mental Disorders (5th edition) (DSM) (American Psychiatric Association, 2013). 

MDD is characterized by numerous symptoms, including sadness, loss of interest in pleasurable 

activities, decreased energy, and somatic complaints. Although feelings of depression are 

common, particularly following life stress, MDD is characterized by a consistent pattern of 

depressive feelings (i.e. most of the day, nearly every day) for at least two consecutive weeks. 

Specifically, the DSM defines MDD as the presence of five or more of the following symptoms, 

with at least one coming from symptoms 1 or 2: 

 

(1) depressed mood most of the day, nearly every day.  

(2) markedly diminished interest or pleasure in almost all activities (anhedonia).  

(3) significant weight loss/gain or decrease/increase in appetite.  

(4) insomnia or hypersomnia.  

(5) psychomotor retardation or agitation.  

(6) fatigue or loss of energy.  
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(7) feelings of worthlessness (or excessive or inappropriate guilt).  

(8) diminished ability to concentrate or make decisions.  

(9) recurrent thoughts of death. 

 

To qualify for MDD, these symptoms must cause significant distress or impairment in 

social, occupational, or other areas of functioning. In the United States, the 12-month prevalence 

for MDD is 6.6% (95% CI, 5.9 – 7.3%) and lifetime prevalence is 16.2% (95% CI, 15.1 – 

17.3%) (Kessler et al., 2003). These figures suggest that roughly 20.7 million Americans will 

experience a depressive episode in the next 12 months, and that roughly 50.8 million will 

experience a depressive episode at some point in their lives. 

MDD is generally described as an episodic, recurrent disorder, with individual episodes 

sometimes lasting months or years. Although untreated depression can improve over time 

(Posternak & Miller, 2001), roughly 20% of depression cases worldwide follow a chronic course 

with no remission (Thornicroft & Sartorius, 1993). For individuals who are able to achieve 

remission, the recurrence rate within two years is roughly 35%, and within twelve years is 

roughly 60% (Disner, Beevers, Haigh, & Beck, 2011). Furthermore, subthreshold symptoms of 

depression are experienced by roughly 53% of remitted individuals within two years and 65% of 

remitted individuals within five years (Kanai et al., 1999; World Health Organization, 2001). 

These findings suggest that the deleterious impact of MDD does not end once the symptoms 

remit. 

Worldwide, unipolar depression is one of the leading causes of disease burden, and the 

leading cause of years of life lived with disability (World Health Organization, 2001). 

Depression is responsible for over twice as many years of disability as the next highest health 
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issue, and is responsible for a greater percentage of years lived with disability and disability-

adjusted life years than the next three highest mental health issues combined (see Introduction, 

Figure 1) (World Health Organization, 2001).  

 

Introduction, Figure 1 – Worldwide causes of years of life lived with disability as of 

2000, in all ages (top table) and in adults age 15-44 (bottom table). Issues pertaining to 

mental health are highlighted. From (World Health Organization, 2001) 

	  
Both	  sexes,	  all	  ages	  

	  Rank	   Condition	   %total	  
1	   Major	  depressive	  disorder	   11.9	  
2	   Hearing	  loss,	  adult	  onset	   4.6	  
3	   Iron-‐deficiency	  anemia	   4.5	  
4	   Chronic	  obstructive	  pulmonary	  disease	   3.3	  
5	   Alcohol	  use	  disorders	   3.1	  
6	   Osteoarthritis	   3	  
7	   Schizophrenia	   2.8	  
8	   Falls	   2.8	  
9	   Bipolar	  disorder	   2.5	  
10	   Asthma	   2.1	  
11	   Congenital	  abnormalities	   2.1	  
12	   Perinatal	  conditions	   2	  
13	   Alzheimer's	  and	  other	  dementias	   2	  
14	   Cataracts	   1.9	  
15	   Road	  traffic	  accidents	   1.8	  
16	   Protein-‐energy	  malnutrition	   1.7	  
17	   Cerebrovascular	  disease	   1.7	  
18	   HIV/AIDS	   1.5	  
19	   Migraine	   1.4	  
20	   Diabetes	   1.4	  

 

 

 

 



 6 

Introduction, Figure 1, cont. 

	  
Both	  sexes,	  15-‐44	  year	  olds	  

	  Rank	   Condition	   %total	  
1	   Major	  depressive	  disorder	   16.4	  
2	   Alcohol	  use	  disorders	   5.5	  
3	   Schizophrenia	   4.9	  
4	   Iron-‐deficiency	  anemia	   4.9	  
5	   Bipolar	  disorder	   4.7	  
6	   Hearing	  loss,	  adult	  onset	   3.8	  
7	   HIV/AIDS	   2.8	  
8	   Chronic	  obstructive	  pulmonary	  disease	   2.4	  
9	   Osteoarthritis	   2.3	  
10	   Road	  traffic	  accidents	   2.3	  
11	   Panic	  disorder	   2.2	  
12	   Obstructed	  labor	   2.1	  
13	   Chlamydia	   2	  
14	   Falls	   1.9	  
15	   Asthma	   1.9	  
16	   Drug	  use	  disorders	   1.8	  
17	   Abortion	   1.6	  
18	   Migraine	   1.6	  
19	   Obsessive-‐compulsive	  disorder	   1.4	  
20	   Maternal	  sepsis	   1.2	  

 

Considering the scope of depression’s impact and the costs associated with MDD, both at 

the individual and societal level, the need for improved treatment efficacy is clear. With current 

treatment options found to be inadequate in over 70% of cases (Beautrais et al., 1996; Harman et 

al., 2004; Katz et al., 1998; A. S. Young et al., 2001), there is a strong need for new and 

improved techniques which rely on empirical research and account for diverse clinical 

influences. In order to improve outcomes for existing treatments, we must first review the 

models on which they are based.    
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Prominent Models of Depression 

 Although varied in their nature, all models of depression set out to explain the complex 

etiology that contributes to the onset, maintenance, and recurrence of major depressive episodes. 

Such models come from fundamentally diverse backgrounds and draw from divergent principles. 

For example, developmental models often focus on the accumulation of risk factors across 

various periods of the lifespan (e.g. (Kendler, Gardner, & Prescott, 2002; 2006)). Interpersonal 

models put forth that individuals are influenced by social pressures but also reciprocally 

influence the social environment they inhabit (Joiner & Coyne, 1999; Rudolph et al., 2000). 

However, the most prominent models of depression over the past 50 years have been based off of 

cognitive or biological underpinnings for MDD. 

Perhaps the best known of the cognitive models of depression was formed and later 

refined by Beck (Beck, 1967; 2008; D. A. Clark, Beck, & Alford, 1999). Study 2 of this 

dissertation presents a detailed review of Beck’s cognitive model as well as leading biological 

models put forth by Mayberg (Mayberg, 1997; 2003) and Phillips (M. L. Phillips, Drevets, 

Rauch, & Lane, 2003a; 2003b). However, we will briefly review the main points underlying 

these models here. 

Beck’s model is based on an empirically validated framework for understanding the 

influence of maladaptive cognition. Specifically, biased acquisition and processing of 

information is implicated as playing a primary role in the etiology of depression (Beck, 1987). 

According to Beck’s model, depressed individuals have latent negative schemas that influence 

the perception of daily experiences. Negative schemas, which can be triggered by environmental 

factors, are believed to influence the manner that incoming information is processed via biased 

cognitive processes. These maladaptive cognitive processes include biased attention (i.e. 
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increased attention for mood-congruent stimuli), biased processing (i.e. increased awareness and 

biased interpretation towards negative aspects of the self, the environment, or the future), and 

biased memory (i.e. preferential recall of negative stimuli). Beck theorized, and subsequent 

research supports, that individual biased processes are associated with and likely modulate the 

onset and impact of other cognitive biases, supporting the so-called combined cognitive bias 

hypothesis of depression (Everaert, Koster, & Derakshan, 2012; Everaert, Tierens, Uzieblo, & 

Koster, 2013). The combined influence of these cognitive biases is theorized to fuel depressive 

symptoms, which reciprocally reinforce the negative schemas. This cycle creates a positive 

feedback loop, which can contribute to the chronic nature of MDD.  

Unlike cognitive models, biological models of depression generally emphasize how the 

depressed brain differs from the healthy brain. Although individual models vary, most generally 

focus on cortical dysregulation as a primary mechanism for depression (Mayberg, 1997; M. L. 

Phillips, Drevets, Rauch, & Lane, 2003b). Functional neuroimaging techniques have identified 

two primary pathways implicated in depression onset. The first is a ventral pathway, consisting 

of the amygdala, insula, ventral striatum, ventral anterior cingulate, and other limbic areas. This 

pathway is thought to be responsible for identifying emotional salience and generating affective 

states (M. L. Phillips, Drevets, Rauch, & Lane, 2003a). The second is a dorsal pathway, 

consisting of numerous regions including the hippocampus, dorsal anterior cingulate, and 

prefrontal cortex. These regions, generally representing higher-order cognitive processes, are 

recruited for effortful regulation of mood states and behavior (M. L. Phillips, Drevets, Rauch, & 

Lane, 2003a).  

Over the past decade, significant research has identified structural and functional 

abnormalities in these pathways in depressed individuals. In particular, depression has been 
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characterized as a decoupling of the functional connectivity between these two pathways, 

characterized by hyperactivity in the ventral pathway and hypoactivity in the dorsal pathway 

(Mayberg, 1997; M. L. Phillips, Drevets, Rauch, & Lane, 2003b). This combination leads to an 

increase in emotional salience and a decrease in the effectiveness of conscious regulation, which 

result in the affective disruption that characterizes depression. 

One shared characteristic of leading cognitive and biological models of depression is 

their use of diathesis-stress principles. Specifically, individuals are likely predisposed to 

depression by latent vulnerabilities (or diatheses), which may go unnoticed until the individual 

experiences life stress (Monroe & Simons, 1991). The diathesis magnifies the impact of the 

stressor, likely triggering a sequence of events that culminates in a depressive episode. In the 

context of cognitive models, dysfunctional attitudes and biased cognitive processing are shown 

to occur during non-depressed periods, and independently predict greater reaction to life stress 

(Abela & D'Alessandro, 2002; Ingram, Miranda, & Segal, 1998; Joormann, Talbot, & Gotlib, 

2007; Robins & Block, 1989; Rude, Durham-Fowler, Baum, Rooney, & Maestas, 2010; Rude, 

Valdez, Odom, & Ebrahimi, 2003; Scher, Ingram, & Segal, 2005). In biological models, 

vulnerability factors include a range of predictors, with a growing emphasis placed on genetic 

differences (Karg, Burmeister, Shedden, & Sen, 2011; López-León et al., 2007). Identifying 

factors that convey cognitive and biological vulnerability is critical, since it allows for a more 

thorough understanding of depression and facilitates prevention and early treatment intervention.  

 

Biological and Cognitive Interventions 

 The current state of depression treatment is generally split between biological 

approaches, favored by the psychiatric community, and psychotherapeutic approaches, favored 
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by the psychological community. The former includes pharmaceutical interventions, such as 

selective serotonin reuptake inhibitors (SSRIs), and neuromodulation techniques, such as 

electroconvulsive therapy or deep brain stimulation. The latter encapsulates numerous types of 

individual and group therapy, including CBT, psychodynamic therapy, and interpersonal therapy. 

Both biological and psychotherapy treatments have been shown to be effective, but the ways that 

each treatment manipulates behavior, particularly with regard to relapse prevention, merits 

further review.   

 Antidepressant medication has been shown to reduce symptoms in literally thousands of 

placebo-controlled clinical trials (J. W. Williams et al., 2000). Antidepressant medications 

generally target neurotransmitter levels with the goal of regulating maladaptive neural 

functioning (J. W. Williams et al., 2000). These effects are most prominent in limbic areas, such 

as the amygdala, thalamus, and medial frontal lobe, where mood-influencing neurotransmitters 

like serotonin are commonly projected (Buchsbaum et al., 1997; R. J. Davidson, Irwin, Anderle, 

& Kalin, 2003; Mayberg et al., 2000). However, antidepressant medications are often criticized 

as being symptom-suppressive rather than curative (DeRubeis, Siegle, & Hollon, 2008; Hollon, 

Thase, & Markowitz, 2002), a claim supported by the high rate of relapse once medications are 

discontinued (American Psychiatric Association, 2000).  

There is also considerable evidence supporting the clinical efficacy of psychotherapy, 

most prominently cognitive interventions such as CBT (Butler, Chapman, Forman, & Beck, 

2006). However, the benefits of CBT have been shown to endure longer following treatment than 

medication (Blackburn, Bishop, Glen, Whalley, & Christie, 1981; Blackburn, Eunson, & Bishop, 

1986; Kovacs, Rush, Beck, & Hollon, 1981; G. E. Murphy, Simons, Wetzel, & Lustman, 1984; 

Rush, Beck, Kovacs, & Hollon, 1977), particularly in mild to moderate depression (Elkin et al., 
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1995). These findings suggest that interventions specifically designed to target cognitive bases 

for depression, rather than biology alone, may more robustly influence the factors that contribute 

to depression vulnerability. However, CBT involves numerous techniques besides pure cognitive 

interventions (Beck et al., 1979; Butler et al., 2006). In order to test the hypothesis that 

remediation of cognitive factors plays a central role towards sustained recovery, we must more 

closely investigate the substrates of maladaptive cognition. 

A growing area of research is looking into neurocognitive interventions, with the goal of 

confirming the role of biased cognition as an intermediary endophenotype of depression, and 

testing techniques for negating biased cognition (L. Clark, Chamberlain, & Sahakian, 2009). 

Both antidepressant medication and CBT deserve mention as neurocognitive treatments, 

although they are not expressly designed with that goal. Biased processing of emotional 

information, in particular biased attention for mood congruent stimuli, has been shown to 

improve following a course of antidepressant medication (Browning, Holmes, & Harmer, 2010; 

Pringle, Browning, Cowen, & Harmer, 2011) and following CBT (Browning et al., 2010; R. M. 

Pearson et al., 2013). However, clinical interventions may not completely eradicate cognitive 

biases (Joormann & Gotlib, 2007; McCabe, Gotlib, & Martin, 2000; Paelecke-Habermann, Pohl, 

& Leplow, 2005), and the biases that remain following remission appear to predict future relapse 

(Mathews & MacLeod, 2005; Scher et al., 2005; Segal, Gemar, & Williams, 1999; Segal et al., 

2006). 

Several techniques have grown in popularity with the express goal of ameliorating 

maladaptive cognition. One such approach is attentional bias modification (ABM). ABM is a 

technique that implicitly reinforces adaptive patterns of attention (Koster, Fox, & MacLeod, 

2009a). In the most common iteration of ABM, a task is built around the dot probe paradigm, 
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where a participant is presented with two simultaneous emotion stimuli, followed by a target 

probe that requires the participant’s response. While a standard dot probe paradigm will 

distribute the probe equally behind the two stimuli, the ABM paradigm staggers the presentation 

so that the probe appears behind the non-dysphoric stimuli a majority of the time (generally 

75%-90%) (Browning et al., 2010; Koster, Fox, & MacLeod, 2009a; MacLeod, Rutherford, 

Campbell, Ebsworthy, & Holker, 2002). This approach implicitly reinforces diverting attention 

away from dysphoric stimuli, which is theorized to reduce the strength of cognitive biases thus 

diminishing the cognitive influence on mood (Browning et al., 2010; Koster, Fox, & MacLeod, 

2009a; MacLeod et al., 2002). ABM has been consistently shown to decrease attentional bias in 

both anxiety and depression (Browning et al., 2010; Hallion & Ruscio, 2011). When used to 

divert attention from threatening stimuli, it has been shown to lower anxiety symptoms reliably 

(Hakamata et al., 2010; Hallion & Ruscio, 2011). Similarly promising results have been 

observed in some depression trials (e.g. (T. T. Wells & Beevers, 2010)), although the overall 

efficacy of ABM in reducing depression symptoms is not as well established (Cristea, Kok, & 

Cuijpers, 2015; Hallion & Ruscio, 2011; Mogoaşe, David, & Koster, 2014).  

Cognitive bias modification is not limited to attention. Alternative approaches have 

targeted processing biases, with particular focus on biased interpretation of ambiguous stimuli 

(Blackwell & Holmes, 2010; E. A. Holmes, Lang, & Shah, 2009; E. A. Holmes, Mathews, 

Dalgleish, & Mackintosh, 2006). Negatively skewed interpretation of ambiguous stimuli is a 

central component to many models of cognitive vulnerability (Mathews & MacLeod, 2005). 

Although there are several iterations of interpretation bias modification (IBM), the form most 

closely linked with change in affect uses a mental imagery paradigm to alter perception of 

ambiguous stimuli (Blackwell & Holmes, 2010; E. A. Holmes et al., 2006; 2009; T. J. Lang, 
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Blackwell, & Harmer, 2012). Participants are instructed to read or listen to stories that begin in 

an ambiguous fashion, but consistently resolve with a positive outcome. Prior to the task, 

participants are instructed to use mental imagery to imagine that the story was happening to 

them. The consistent pattern of positive outcomes to ambiguous stimuli leads to decreased 

interpretation bias and increased positive affect in healthy volunteers (E. A. Holmes et al., 2006; 

2009) and depressed volunteers (Blackwell & Holmes, 2010; T. J. Lang et al., 2012).  

Cognitive bias modification, such as ABM and IBM, is theorized to serve a protective 

role that decreases an individual’s cognitive vulnerability to depression (Hallion & Ruscio, 2011; 

E. A. Holmes et al., 2009). The link between cognitive bias modification techniques and mood 

change supports the causal role of cognitive biases. However, more research into the substrates 

of cognitive biases is needed in order to conceptualize the best techniques for intervention (Beck, 

2008; MacLeod, Koster, & Fox, 2009). Through this type of translational research, we can draw 

from biological and cognitive findings to construct more efficient and more robust treatments for 

depression. 

 

Overview of Dissertation Studies 

 This dissertation aims to heed the NIMH’s call for new and improved treatment 

techniques based on neuroscientific and genetic substrates of maladaptive behavior (Insel, 2009; 

Insel et al., 2010). In particular, the five studies presented here serve to underscore the causal 

role maladaptive cognition plays in MDD, isolate biological predictors of maladaptive cognition, 

and investigate novel interventions that integrate biological and cognitive influence. 

Study 1 sets out to identify specific cognitive predictors of naturalistic depression 

symptom course. Since depression symptoms are known to vary substantially during their 
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naturalistic course (Posternak & Miller, 2001), this study could help to identify specific patterns 

of cognition that predict symptom change free from external factors.  

Study 2 reviews the existing neurobiological literature as it relates to Beck’s cognitive 

model of depression (Beck, 1987). By identifying specific functional and structural correlates of 

the cognitive model, this study will help support an integrated cognitive-biological model of 

depression.  

Study 3 explores one such biological predictor of maladaptive cognition. The serotonin 

transporter gene (SLC6A4) promoter polymorphism (5-HTTLPR) is a region known to moderate 

the relationship with life stress and depression (Caspi, Sugden, Moffitt, Taylor, Craig, 

Harrington, McClay, Mill, Martin, Braithwaite, & Poulton, 2003; Karg et al., 2011). Study 3 will 

explore whether 5-HTTLPR genotype can predict the acquisition of maladaptive cognition 

following exposure to war zone stress.  

Study 4 expands on the behavioral genetic approach by generating a cumulative genetic 

score (CGS) based on the aggregate risk conveyed by multiple serotonergic candidate genes. 

Specifically, key candidate genes that influence serotonergic function were combined into a 

CGS, which was used to model the extent that genetic vulnerability interacts with mood 

reactivity (i.e. mood change following sad mood induction) to predict cognitive biases. Studies 3 

and 4 together help to identify genetic risk factors that may predict maladaptive cognition 

following stressors in the lab (study 4) and in the environment (study 3).  

Study 5 will build on the integrated biological-cognitive model by investigating a joint 

biological and cognitive intervention. As was previously discussed, ABM is a cognitive approach 

designed to decrease biased attention associated with depression. However, ABM has shown 

inconsistent efficacy in decreasing depressive symptoms (Hallion & Ruscio, 2011; T. T. Wells & 
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Beevers, 2010). Based on neuroscientific research linking frontal lobe hypoactivity with 

decreased emotion regulation (Mayberg, 2003; M. L. Phillips, Drevets, Rauch, & Lane, 2003b), 

we believe that neuromodulation techniques associated with improved frontal activity may 

enhance the efficacy of ABM. Low level light therapy (LLLT), a safe, non-invasive technique 

for modulating cortical functioning, was added to an ABM paradigm in dysphoric adults. By 

targeting LLLT towards regions of the brain associated with negative affective processing, we 

hope to reinforce the causal role that frontal lobe hyperactivity plays in maladaptive cognition, 

and, by extension, improve the efficacy of ABM as an antidepressant treatment.  
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Study 1 – Self-referential schemas and attentional bias predict severity 

and naturalistic course of depression symptoms1 

Introduction 

Depression is a major public health issue that predicts numerous harmful psychological, 

social, and physical consequences (Kessler & Walters, 1998). Mild to moderate levels of 

depression are also important in their own right, as it is an important risk factor for future onset 

of Major Depressive Disorder (Judd et al., 1998) and functional impairment is comparable to 

individuals with chronic health conditions (K. B. Wells et al., 1989). Important features of 

depression include persistent episodes of sadness and negative cognition (American Psychiatric 

Association, 2013). The naturalistic course of these symptoms can vary widely, with individuals 

experiencing improvement, worsening, or symptom stability (Posternak et al., 2006).  

Cognitive theories assert that the maintenance of depression is influenced by maladaptive 

cognition (Beck, 1967). Beck’s cognitive model of depression posits that once latent negative 

schemas (internal representations of the environment, commonly pertaining to the self) are 

activated by negative life events (Beck, 1987; D. A. Clark et al., 1999), these cognitions serve to 

maintain sad mood. For instance, depressed individuals with prominent self-referential schemas 

may perceive incoming stimuli as being reflective of personal flaws (e.g. “People are not talking 

to me because I am an unlikable person”). More negative self-referent schemas in turn should 

predict greater depression severity and a more persistent course of symptoms (Beck, 2008; 

Trincas et al., 2014).  

Schema strength has been measured using the self-referent encoding task (SRET), which 

requires individuals to make categorical decisions about whether emotionally valenced adjectives 

                                                
1 Study 1 is currently under review 
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are self-referential (Derry & Kuiper, 1981). Depressed individuals have been shown to endorse 

more negative adjectives as self-referential (Davis, 1979) and are faster to endorse negative 

words and reject positive words (Gilboa, Roberts, & Gotlib, 1997; Kuiper, 1981) compared to 

healthy controls. A recent meta-analysis suggested that the correlation between SRET response 

time and depression is stronger than any other form of automatic cognition (W. J. Phillips, Hine, 

& Thorsteinsson, 2010). Critically, a stronger tendency to endorse negative words was associated 

with longer retrospectively reported episodes of depression (Davis & Unruh, 1981), suggesting 

that schema strength may play a prominent role in the maintenance of depressive symptoms.  

Negative self-referential schemas are interrelated with biased patterns of attention in 

depressed individuals (Beck, 1987). Depressed individuals demonstrate greater attention for 

negative stimuli and decreased attention to positive stimuli relative to non-depressed individuals 

(Armstrong & Olatunji, 2012; Beck, 1967; Gotlib, Krasnoperova, Yue, & Joormann, 2004; 

Koster, De Raedt, Goeleven, Franck, & Crombez, 2005; Peckham, McHugh, & Otto, 2010). 

Biased attention likely influences the course of depression by increasing the rate of incoming 

negative affective information and decreasing positive information (Beck, 1987; Joormann & 

Arditte, 2013; Scher et al., 2005). This bias is thought to promote sustained processing of 

negative information, leading to a more persistent negative mood (Todd, Cunningham, Anderson, 

& Thompson, 2012). 

Negative attentional bias has been shown to predict the onset of depression symptoms 

(Beevers, Lee, Wells, Ellis, & Telch, 2011b) and symptom relapse during periods of remission 

(Joormann & Gotlib, 2007; Segal, Gemar, Truchon, Guirguis, & Horowitz, 1995). Cognitive 

interventions designed to decrease attentional bias appear to decrease symptoms of depression 

(Beevers, Clasen, Enock, & Schnyer, n.d.; D. A. Clark et al., 1999; T. T. Wells & Beevers, 2010; 
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W. Yang, Ding, Dai, Peng, & Zhang, 2014). And in a laboratory setting, depressed individuals 

with greater attentional bias towards negative stimuli took longer to recover from a sad mood 

induction (Clasen, Wells, Ellis, & Beevers, 2013; Sanchez, Vazquez, Gomez, & Joormann, 

2014), suggesting that biased attention may also contribute to the maintenance of negative affect.  

Although self-referential schemas and attentional biases are prominent in depression, 

longitudinal research is needed to determine what role, if any, individual differences in 

maladaptive cognition may play in symptom course. Identifying cognitive processes that predict 

symptom course would provide much needed information about the mechanisms that contribute 

to the maintenance of depression. Further, it could help to establish the most promising (and 

evidence-based) treatment targets for future work that aims to treat elevated symptoms of 

depression with neurocognitive interventions.  

In the current study, young adults with elevated symptoms of depression were first 

assessed for self-referential schemas and negative attentional bias and then completed weekly 

depression inventories for the subsequent five weeks. We hypothesized that greater negative self-

referential schema strength and attentional bias towards negative and away from positive stimuli 

will be associated with depressive symptom trajectory, such that individuals with stronger 

cognitive biases would be more likely to have stable or worsening symptoms while those with 

lower levels of bias would be more likely to see naturalistic improvement.  

Methods 

Participants 

 Fifty-seven adults (41 female, 16 male, mean age = 18.75, SD = 0.87) with elevated 

levels of depressions symptoms were selected from the pool of undergraduate students enrolled 

at the University of Texas at Austin. All participants provided informed consent using 
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documentation approved by the university’s institutional review board. Participants received 

course credit in exchange for their participation. A meta-analysis has shown that assessing the 

relationship between biased cognition and depression in an undergraduate sample results in 

effect sizes that do not significantly differ from clinical or community samples (Derry & Kuiper, 

1981; W. J. Phillips et al., 2010). 

The ethnic and racial distribution of the sample was 37% Hispanic or Latino, 58% 

Caucasian, 21% Asian, 5% African-American, 2% American Indian/Alaska Native, 2% Native 

Hawaiian or other Pacific Islander, 2% mixed race, and 10% unspecified. Of the included 

participants, 12% were currently using psychotropic medication and 26% had participated in 

psychotherapy within the previous year. Eligible participants must have had no treatment change 

(either medication or psychotherapy) for at least two months prior to enrollment. Although 

participants were permitted to adjust their treatment as needed following enrollment, data from 

assessments following the treatment change was excluded from all analyses. A total of six 

assessments from three participants were excluded as a result.  

Measures 

Center for Epidemiologic Studies – Depression Scale (CESD) 

The CESD (Radloff, 1977) is a 20-item, self-report scale designed to assess the presence 

and severity of depressive symptoms over the past week. A total score of 16 or higher was 

required for study inclusion. This threshold is often used as a cut-score to identify individuals at 

risk for MDD (Radloff, 1977) and therefore is thought to reflect a clinically significant elevation 

of depression. Participants completed CESD assessments via a secure online server. 

Dot Probe Task  
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 Selective attention for emotion stimuli was assessed by measuring gaze fixation during an 

administration of the dot probe task. In this task, two words are presented concurrently on the left 

and right half of a 20 inch LCD screen, one emotionally valenced (positive or negative) and one 

neutral. Each session consisted of 192 trials, comprised of 48 negative words, 48 positive words, 

and 96 neutral words presented twice each. Positive and negative word lists were balanced for 

valence strength (M. M. Bradley & Lang, 1999; Doost, Moradi, Taghavi, Yule, & Dalgleish, 

1999). Emotion words were paired with a randomly selected neutral word that was balanced for 

word length and frequency of use. 

Each trial consisted of a white fixation cross on a black background for 500 ms followed 

by the word pair for 1000 ms. The location of the emotion and neutral word varied randomly. 

Following the offset, a probe appeared on screen (either the letter “O” or “Q”) in the same 

location as one of the words, randomized to appear behind the emotion and neutral word with 

equal frequency. Participants responded by identifying the probe using a button box.  

Throughout each trial, participants’ gaze location and duration was assessed using a 

remote optics eye tracking system model R6 from Applied Science Laboratories (Bedford, 

Massachusetts, USA). Gaze coordinates were sampled at 60 Hz (every 16.7 ms), yielding 60 

location measurements per trial. Fixations were defined as any period of 100ms or longer where 

eye movements were stable within 1° of visual angle. Total fixation duration was calculated by 

summing the duration of all fixations for a specific word within a trial and then averaging the 

duration for similarly valenced words across trials. Using this technique, each participant 

generated four total fixation duration scores, one each for positive and negative words, and one 

each for neutral words depending on which valence it appeared with (i.e. separate scores for 

neutral words paired with negative compared to neutral words paired with positive). To calculate 
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positive and negative gaze bias, total fixation duration for neutral words was subtracted from 

total fixation duration from the emotion word category it was paired with. 

Self-Referent Encoding Task (SRET) 

 Task 

 The SRET (Derry & Kuiper, 1981) is a computer-based task designed to assess schema 

strength by measuring the content and speed of the participants’ self-referential affective 

judgments. Participants see a black screen with the word “Ready” displayed for 1000 ms, 

followed by a word randomly selected from a list of 60 interpersonally oriented adjectives (30 

positive and 30 negative). The adjectives were balanced for valence and did not significantly 

differ in arousal or word frequency based on the Affective Norms for English Words (ANEW) 

(B. P. Bradley, Mogg, & Lee, 1997). SRET words were distinct from words used during the dot 

probe task. Participants were asked to decide as quickly as possible whether or not the word was 

self-descriptive. Thus, this was a two-choice decision making task. Primary outcomes include the 

number of positive and negative words endorsed as self-referential, as well as components 

identified by the diffusion model (discussed below). Eye movements were not recorded during 

the SRET task.  

 Analysis 

Ratcliff’s diffusion model (Ratcliff & McKoon, 2008; C. N. White, Ratcliff, Vasey, & 

McKoon, 2010) was used to enhance the interpretability of the SRET reaction time data. The 

diffusion model is a sequential sampling technique designed to deconstruct reaction time for 

two-choice decision tasks into components of cognitive processing separate from non-decision 

processes such as encoding and motor response (Ratcliff & McKoon, 2008; C. N. White et al., 

2010). The diffusion model assumes that, within each trial, decisions are formed through the 
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accumulation of sensory evidence until one of two response criteria has been met (e.g. self-

referential or not self-referential). Once the threshold for that criteria has been met, the decision 

process concludes and a response is initiated (Ratcliff & McKoon, 2008; C. N. White et al., 

2010).  

The diffusion model yields several parameters, including drift rate, relative starting point, 

threshold separation, response time constant, and differences in speed of response execution 

(Ratcliff & McKoon, 2008). Drift rate is particularly germane, since it indexes the rate of 

evidence accumulation, which reflects how strongly the stimulus is able to influence the decision 

making process. For the SRET, a positive drift rate (i.e. drift > 0) reflects evidence accumulation 

that leads to endorsing the stimulus as self-referential, whereas a negative drift rate (i.e. drift <0) 

reflects evidence accumulation that leads to rejecting the stimulus as self-referential (see Figure 

1). The absolute value of drift rate reflects the efficiency of evidence accumulation, with larger 

absolute values reflecting a more efficient and therefore faster decision-making process. For 

example, a drift rate of 2 reflects more efficient endorsing of self-reference compared to drift rate 

of 1, while a drift rate of -2 reflects more efficient rejection of self-reference compared to a drift 

rate of -1. Negative and positive schema strength are operationalized as the drift rate for negative 

and positive adjectives, respectively, such that a high positive drift rate for negative adjectives 

(i.e. more efficient endorsing of negative words) reflects strong negative schema strength, while 

a high positive drift rate for positive adjectives (i.e. more efficient endorsing of positive words) 

reflects strong positive schema strength. Fast-dm, a free software program, was used to 

implement the diffusion model (A. Voss & Voss, 2007). For more information about the theory 

and methodology underlying the diffusion model, see (Ratcliff & McKoon, 2008). 
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Study 1, Figure 1 – Illustration of the diffusion model. The two schematics shown here represent 

a subset of trials selected from hypothetical results for two individuals, the left image 

displaying a strong self-referential drift rate (i.e. positive slope, high absolute value), and the 

right image displaying a moderate non-self-referential drift rate (i.e. negative slope, low 

absolute value). Overall SRET reaction time is broken down into three components: 

encoding period, decision phase, and motor response. During the decision phase, evidence 

accumulation begins at the relative starting point (which varies across subjects) and 

continues until one of the thresholds is met. The time taken to reach the threshold across all 

trials is used to determine drift rate. Each individual generated two drift rates, one pertaining 

to decision making for positive adjectives and one for negative adjectives.  

 

 

 

Procedures 

 Participants were recruited to the Mood Disorders Lab at the University of Texas at 

Austin following their completion of a prescreening questionnaire, which included the CESD. 

During the baseline session, participants completed the CESD and demographic questionnaire 
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(which included treatment history). Participants must have scored 16 or higher on the CESD 

during prescreening and also at baseline in order to qualify for the study. Eligible participants 

completed the cognitive assessments (dot-probe and SRET) in a randomly assigned order that 

was counterbalanced across participants. Following the baseline session, participants completed 

the CESD online once per week for five additional assessments. During weekly online 

assessments, participants were also asked to report about any treatment changes. 

Missing Values 

Out of the 342 scheduled assessments, 33 were missed (9.6% of the total), distributed 

across 14 participants. Six of these participants had a total of 8 isolated missing data points, 

meaning either the participant was assessed on both weeks preceding and subsequent to the 

missed week (in which case the missing data points were imputed as the average of the preceding 

and subsequent values) or the isolated missing data point was the final assessment (in which case 

it was imputed to be the same as the preceding week). The remaining 8 participants, who missed 

two or more consecutive weeks of assessment, were excluded from the analysis, for a final 

sample size of N = 49. 

Response Measures: Baseline Mood and Mood Trajectory 

 We were interested in predicting two response measures: baseline mood (CESD score at 

initial assessment) and mood trajectory (whether mood was improving, worsening, or staying the 

same). Mood trajectory was operationalized as the linear trend in the time series of CESD 

measurements. For each participant, a linear trend line was fit to the time series data, and the 

slope of this line was used to measure the rate of mood change (Figure 2). This slope was then 

multiplied by -1 so that decreasing CESD scores would correspond to + values (mood 
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improving) and increasing CESD scores would correspond to – values (mood worsening). These 

mood-trajectory slopes were approximately normally distributed. 

Study 1, Figure 2 – Time series plot (solid line) and linear trend (dashed line) of CESD scores 

over weeks. 

 

 

Because of regression to the mean, one might expect higher initial CESD scores to trend 

down over time and lower initial CESD scores to trend up. For example, participants who are 

severely depressed at the initial assessment cannot get much worse; they can only stay the same 
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or get better. However, this is unlikely to be an issue for our data because, by design, all of the 

participants were well above floor levels of depression (CESD = 0), and none of the participants 

were near ceiling (CESD = 60) at the initial assessment. Moreover, there was no significant 

relationship between initial CESD score and the calculated mood-trajectory score, r(47) = .06,  

95% CI [-.23, .34], p = .69.  This suggests that for our sample the rate of mood change was 

independent of initial mood. 

Predictors and Model Selection 

Six measures were candidate predictors of baseline mood and mood trajectory: 1) number 

of positive words endorsed as self-referential, 2) number of negative words endorsed as self-

referential, 3) positive schema strength—drift rate for positive adjectives, 4) negative schema 

strength—drift rate for negative adjectives, 5) positive gaze bias, and 6) negative gaze bias. To 

find the best combination of predictors, we applied the best subset selection approach using the 

leaps library (version 2.9) in R (version 3.1.2) and cross-validated prediction error (k = 5 and 10 

folds) to select the optimal number of predictors. This approach prevents overfitting to our data 

set and selects the models that will best generalize to new data sets.  

Results 

Summary statistics for outcome metrics 

 For the entire sample, the mean baseline CESD score was 25.8, 95% CI [23.9, 27.7]  

Baseline CESD score did not vary significantly as a function of age (p=0.20), gender (p=0.16), 

race (p=0.66), current medication status (p=0.91), or therapy (p=0.17). The mean CESD score 

averaged across all sessions was 23.9, 95% CI [21.6, 26.3], and the mean mood-trajectory score 

was +0.2, 95% CI [-0.27, +0.68]. Thus, the average participant did not experience a significant 

change in mood. However, mood-trajectory scores ranged from -3.7 to +4.1, meaning some 
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participants experienced mood worsening up to a maximum rate of 3.7 CESD points per week, 

and some participants experienced mood improvement up to a maximum rate of 4.1 CESD 

points per week.  

 Summary statistics for predictor metrics 

Dot Probe. Of the 49 participants included in the final sample, two were excluded from 

dot probe analyses because the eye-tracking system was unable to record their gaze. Mean 

positive and negative bias  (defined as total fixation duration for affective stimuli minus total 

fixation duration for the co-occurring neutral stimuli) were -0.63 ms, 95% CI [-7.7, 6.4], and 

0.65 ms, 95% CI [-6.3, 7.6], respectively. Positive gaze bias was not significantly different from 

negative gaze bias within participants: mean of differences = -1.3 ms, 95% CI [-12, 9], t(46) = -

0.25, p = 0.8.   

 SRET - Behavioral Output. Across the entire sample, participants endorsed as self-

referential a mean of 13.7 positive adjectives, 95% CI [12.1, 15.3], and a mean of 9.8 negative 

adjectives, 95% CI [8.5, 11.1].  Participants endorsed significantly more positive words than 

negative words: mean of differences = 3.9 words, 95% CI [1.7, 6.2], t(48) = 3.6, p < 0.001.  

 SRET - Diffusion Model Output. The mean drift rate for positive adjectives was 0.29, 

95% CI [-0.06, 0.64], and mean drift rate for negative adjectives was -0.5, 95% CI [-0.79, -0.20]. 

Drift rate for positive adjectives was significantly higher than for negative adjectives, mean of 

differences = 0.79, 95% CI [0.26, 1.3], t(48) = 3.0, p=0.004.  

 Relationships between predictors. Positive drift rate was largely collinear with the 

number of positive words endorsed (r = .84), as was negative drift rate with the number of 

negative words endorsed (r = .76). This suggests that the SRET information provided by the 
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diffusion model was largely redundant to that of the simpler behavioral output. All other 

predictors appear, for the most part, to be linearly independent. See Table 1. 

 

Study 1, Table 1 – Correlations between predictor variables 

 

 Positive 

Words 

Negative 

Words 

Positive Drift 

Drift 

Negative 

Drift Bias 

Positive Gaze 

Bias Gaze 

Bias 

Negative 

Words 

-.14     

Positive Drift .84 -.24    

Negative 

Drift 

-.13 .76 -.26   

Positive Gaze 

Bias 

-.19 -.05 -.13 -.12  

Negative 

Gaze Bias 

.06 -.30 .15 -.01 -.03 

   

Prediction of Baseline Mood and Mood Trajectory 

 All possible combinations of the six predictor variables listed in Table 1 were evaluated 

with linear regression models, with the criterion of selecting the model with the smallest test 

error as estimated by cross-validation. That is, observations were randomly assigned to one of k 

folds, and the model was repeatedly fitted using k-1 folds and tested against the remaining fold. 
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The resulting prediction errors were then averaged together. Figure 3 shows these cross-

validation errors as a function of the number of predictors and the choice of k. These graphs 

suggest that the best model of baseline CESD scores should contain two predictors, and the best 

model of mood trajectory should contain a single predictor. 
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Study 1, Figure 3 – Cross-validation error (y-axis) as a function of increasing number of 

predictors (x-axis) selected by best subset regression using either 5 or 10 cross-validation folds 

(labeled to the right of each row). The points represent mean squared error (MSE) for the 

prediction of the left-out folds, standardized to the null model (labeled 0 on the x-axis), which 

simply predicts the sample mean for each observation. The subsequent points represent the 

scaled MSE for the single best predictor, the two best predictors, etc. Models were chosen based 

on the parameters that minimized the cross-validation error.  
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Baseline CESD scores were best predicted by a linear combination of both the number of 

self-endorsed positive adjectives (β = -0.46) and the number of self-endorsed negative adjectives 

(β = 0.50). On average, for every additional positive adjective, there was a half-point reduction in 

the CESD score, and, for every additional negative adjective, there was a half-point increase. 

Because these two variables reflect opponent features from the same task (positive vs. negative 

self-adjectives) and because the linear regression model assigns them approximately equal and 

opposite weights, the more parsimonious way to interpret this result is that the net valence of 

self-endorsed adjectives is a negative predictor of CESD scores. That is, if we subtract the 

number of negative adjectives from the number of positive adjectives, we arrive at a new feature 

that reflects the net balance between self-positivity and self-negativity. This interpretation, 

depicted in Figure 4, explains 30% of the variance in concurrent CESD scores, p < .001.    
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Study 1, Figure 4 – Baseline CESD scores as a function of net valence of self-descriptive 

adjectives from the SRET. Net valence was calculated by subtracting the number of self-

endorsed negative words from the number of self-endorsed positive words. A more negative self-

view was associated with higher CESD scores, r = -.55, 95% CI [-.72, -.31], p < .001.  
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While the SRET adjectives were highly indicative of mood state, they were not predictive 

of future mood. Instead, the single predictor of mood trajectory was negative gaze bias (r2 = 

0.18, p = 0.003). Figure 5 shows a scatter plot of mood-trajectory scores as a function of negative 

gaze bias. Participants with a negative gaze bias less than 0 were more likely to experience 

improved mood over the next 5 weeks, whereas participants with a negative gaze bias greater 

than 0 were more likely to experience worsening mood. In other words, the more that 

participants fixated on neutral rather than negative stimuli, the more likely their symptoms were 

to improve in the future; and the more that participants fixated their gaze on negative stimuli, the 

more likely they were to experience symptom worsening in the future.    
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Study 1, Figure 5 – Mood-trajectory scores as a function of negative gaze bias in the dot probe 

task. Mood-trajectory scores reflect the negative rate of change in CESD score per week, such 

that positive scores indicate a positive trajectory (improving mood) and negative scores indicate 

a negative trajectory (worsening mood). Increased negative gaze bias predicts worsening mood, r 

= -.42, 95% CI [-.64, -.15], p = .003.  
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Discussion 

The findings presented in this report support the theory that affective information 

processing plays a prominent role in the severity and trajectory of depression symptoms. 

Specifically, schema strength, defined as the net valence of words endorsed as self-referential, 

was a significant predictor of baseline symptom severity, with stronger negative schemas 

(relative to positive) predicting more severe depression symptoms. Furthermore, negative 

attentional bias significantly predicted dysphoric symptom course, such that participants who 

spent more time fixating on negative stimuli showed naturalistic symptom worsening, while 

those who spent more time fixating away from negative stimuli showed greater symptom 

improvement.  The former results replicate critical findings establishing negative schemas as a 

significant predictor of depression (W. J. Phillips et al., 2010; Segal, 1988), while the latter 

results expand our knowledge of cognitive models of depression by establishing attentional bias 

as a depression symptom maintenance factor, not simply a correlate.  

This study is among the first to show that individual differences in information 

processing predict the course of depressive symptoms among individuals with elevated 

symptoms of depression. Although attentional bias has been previously linked with the onset and 

relapse of depression (Beevers & Carver, 2003; Ingram & Ritter, 2000; Segal et al., 2006), there 

has been no research to date supporting the theory that attention bias predicts naturalistic 

symptom change. Linking negative attentional bias to naturalistic symptom course is a 

significant validation of Beck’s cognitive model of depression (Beck, 1987), and sheds 

considerable light on the cognitive systems that serve to prolong depressive episodes.  

Linking negative attentional bias with symptom course will hopefully encourage further 

investigation into cognitive bias modification techniques such as attention bias modification 
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(ABM), a growing area of research in depression and anxiety treatment. ABM aims to shift 

attention away from negative stimuli and towards more adaptive stimuli. Though results using 

ABM in depression have been mixed to date (Hallion & Ruscio, 2011; Mogoaşe et al., 2014), 

several studies have shown promise in using ABM to decrease symptoms (Baert, De Raedt, 

Schacht, & Koster, 2010; Beevers et al., n.d.; T. T. Wells & Beevers, 2010; W. Yang et al., 

2014) and prevent clinical worsening (Browning, Holmes, Charles, Cowen, & Harmer, 2012). 

Although ABM is one putative method to alter attention bias in depression, it should be noted 

that other possibilities exist, including antidepressant medication. Indeed, a cognitive 

neuropsychological model of antidepressant treatment suggests that shifting of emotional 

processing, including negative attentional bias, mediates the clinical benefits (Harmer, Goodwin, 

& Cowen, 2009a; Harmer et al., 2009b). 

Decreasing negative attention may lead to greater adaptive engagement with 

environmental factors and improved coping overall for individuals with mild to moderate 

depression. This approach has been shown to decrease depression risk factors (Browning et al., 

2012) and improve decision making (Cooper et al., 2013), although the extent of clinical 

improvement may depend on symptom severity (Baert et al., 2010). Future research in this area 

would benefit by including more severely depressed individuals.  

The significant amount of variance in baseline CESD scores explained by self-referential 

schema strength is in line with previous research (Beck, 1987; W. J. Phillips et al., 2010; Segal, 

1988), and highlights the critical role that negative perceptions of self play in the lived 

experience of depression. These findings highlight the importance of measuring negative schema 

strength as a component of a clinical assessment battery, possibly in conjunction with more self-

report assessments of schema strength such as the Dysfunctional Attitude Scale (Weissman, 
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1979) or the Young Schema Questionnaire (J. E. Young & Brown, 1994). These results reinforce 

the importance of targeting self-oriented negative thoughts for cognitive-based interventions 

such as cognitive behavioral therapy (Beck et al., 1979).  

In order to accurately model individual differences in cognitive bias, it is critical to use 

techniques that minimize the influence of confounding variables and more directly (i.e., more 

signal and less noise) assess the construct of interest. In the current article, we used eye-tracking 

methods to directly measure line of gaze. This is a significant improvement upon inferring 

attentional bias based on response time patterns (Isaacowitz, Wadlinger, Goren, & Wilson, 

2006). In addition, this paper is the first to use the diffusion model to better understand decision-

making on the SRET. The diffusion model provides considerable advantages compared to pure 

reaction time analyses since it is designed to decompose behavioral data into separate processing 

components (Ratcliff & McKoon, 2008; C. N. White et al., 2010). Although the diffusion results 

ultimately were collinear with behavioral outcomes (i.e. words endorsed as self-referential), the 

technique still provides a more precise measurement of the ease with which participants classify 

negative and positive stimuli as self-referent (schema strength), without influence from 

confounding factors such as differences in encoding time or motor response (C. N. White et al., 

2010). As these computational modeling techniques are now more accessible (A. Voss & Voss, 

2007), we anticipate use of diffusion models in clinical research will expand considerably, 

shedding new light on the cognitive processes that underlie mental illness. 

There are several limitations to the current study design. The follow-up period assessed 

depression symptoms and treatment change, but did not include any measures of life stress, 

making it difficult to explore any possible diathesis-stress relationships. In addition, the 

longitudinal follow-up period was relatively short compared to the duration of the average 
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depressive episode. For the purposes of developing a more reliable assessment tool, future 

research would benefit from using a sample with more clinical and demographic diversity and 

collecting comprehensive evaluations of psychosocial wellbeing for a period of 6 months or 

more.  

These findings represent a critical step forward in our understanding of cognitive biases 

in depression. Although we have long known about the heterogeneity in depression symptoms, 

the current evidence suggests that affective biases may play a central role in predicting symptom 

severity and course. In particular, linking attentional biases with the naturalistic course of 

depression symptoms provides a critical validation of the cognitive theory of depression. 

Identifying the cognitive mechanisms that underlie depression severity and persistence could 

also lead to more efficacious treatments by facilitating the development of neurocognitive 

therapeutics that target cognitive processes, such as negative attention bias, that are known to 

maintain, sustain, or worsen depressive symptoms. 
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Study 2 – Neural Mechanisms of the Cognitive Model of Depression2 

Preface 

In the forty years since Aaron Beck first proposed his cognitive model of depression, the 

elements of this model – biased attention, biased processing, biased thoughts and rumination, 

biased memory, and dysfunctional attitudes and schemas – have been consistently linked with 

the onset and maintenance of depression. Although numerous studies have examined the neural 

mechanisms underlying the cognitive aspects of depression, their findings have not been 

integrated with Beck’s cognitive model. In this Review, we identify the functional and structural 

neurobiological architecture of Beck’s cognitive model of depression. Although the mechanisms 

underlying each element of the model differ, in general, negative cognitive biases in depression 

are facilitated by increased influence from subcortical emotion-processing regions combined 

with attenuated top-down cognitive control. 

 

Introduction 

Beck’s introduction of the cognitive model of depression over 40 years ago (Beck, 1967) 

advanced our understanding of the monolithic concept of depression that afflicts millions of 

people (see Study 2, Box 1). The cognitive model represents an empirically based framework for 

identifying and understanding factors that maintain an episode of depression. The cognitive 

model also served as the foundation for the development of cognitive therapy, a highly effective 

and durable treatment for a wide variety of disorders, including depression (Dobson, 1989). 

                                                
2 Study 2 appears in Nature Reviews Neuroscience  - Disner, S., Beevers, C. G., Haigh, E. A. P., 
& Beck, A. T. (2011). Neural mechanisms of the cognitive model of depression. Nature Reviews 
Neuroscience, 12(8), 467–477. 
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Recent developments in neuroimaging and cellular biology have enabled researchers to examine 

components of the cognitive model and isolate their underlying biological mechanisms. 

In this Review, we synthesize research findings from neuroimaging studies and provide a 

neurobiological formulation of the cognitive model of depression (Beck, 2008). Other 

neurobiological models (Liotti et al., 2000; Mayberg, 1997; 2003; M. L. Phillips, Drevets, Rauch, 

& Lane, 2003a; 2003b) have also provided compelling and parsimonious accounts of depression, 

but focused primarily on the affective disruption associated with the disease. With this Review 

we aim to link neurobiological and cognitive perspectives of depression, providing an integrated 

account of the neurobiological substrates that perpetuate the maladaptive behaviors that comprise 

the cognitive model of depression. Further, developing an integrative model is in line with a 

central tenet of National Institute of Mental Health’s strategic plan to strengthen the public health 

impact of translational research (Insel, 2009) and, perhaps more importantly, will yield a fuller, 

more nuanced understanding of this complex and debilitating disorder.  

 

The Cognitive Model of Depression 

According to Beck’s cognitive model of depression (Study 2, Figure 1), biased acquisition and 

processing of information has a primary role in the development and maintenance of depression 

(Beck, 1967; 1987; 2008). In this model, latent schemas — internally stored representations of 

stimuli, ideas, or experiences — are activated by internal or external environmental events and 

then influence how incoming information is processed (Beck, 1967). Schemas influence 

information processing by guiding how stimuli are encoded, organized, and retrieved. In this 

sense, they determine how an individual interprets their experiences in a given context. Adverse 

events that occur early in life might lead to the development of depressive schemas, which are 
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generally characterized by negative self-referential beliefs.  Such latent depressive self-

referential schemas can be activated by subsequent stressors, which are often salient events that 

reflect the underlying schema content (e.g., a job loss may be devastating for someone who 

equates full time employment with self-worth) (Beck, 2008).  Once activated, depressive 

schemas confer vulnerability for depression onto the individual by altering information 

processing with negative self-referential thoughts about the self, the personal world, and the 

future — also known as the negative cognitive triad (D. A. Clark et al., 1999).  

 

Study 2, Figure 1 - Information processing in the cognitive model of depression. Activation of 

depressive self-referential schemas is both the initial and penultimate element of the cognitive 

model. The initial activation of a schema triggers biased attention, biased processing, and biased 

memory for emotional stimuli. As a result, incoming information is filtered so that schema-

consistent elements in the environment are over-represented. The presence of depressive 

symptoms then reinforces the self-referential schema, which further strengthens the individual’s 

belief in its depressive elements. This sequence triggers the onset and then maintenance of 

depressive symptoms.  
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Activation of depressive self-referential schemas leads to specific impairments in 

attention, interpretation, and memory (D. A. Clark et al., 1999). Negative and pessimistic 

processing of one’s self and context become pervasive, including interpretations, evaluations, 

and appraisals (D. A. Clark et al., 1999). As a result, the depressed individual develops schema-

based dysfunctional attitudes whereby he views himself as defective, his day-to-day life rife with 

struggle, and assumes that his current difficulties or suffering will continue indefinitely (Beck, 

1967). The activation of these dysfunctional attitudes increases the likelihood that the depressed 

person will selectively attend to mood-congruent stimuli, thereby encoding negative affective 

information and filtering out positive information (Kellough, Beevers, Ellis, & Wells, 2008). 

This process increases awareness for depressive elements in the environment and can decrease 

positive emotion experienced during a pleasing event, a phenomenon often referred to as a 

positive blockade (Beck, 2004). Similarly, there is strong evidence for memory biases in 

depression. In particular, depressed individuals tend to exhibit preferential recall of negative over 

positive material (Mathews & MacLeod, 2005).  

Recent research has suggested that specific impairments in memory and attention are 

related to inhibitory deficits or, in other words, the inability to disengage from negative stimuli. 

Several theorists have suggested that inhibitory deficits are manifested clinically as a ruminative 

response style (Beck, 2008; Gotlib & Joormann, 2010; Joormann, 2006). Depressive rumination 

— the tendency to think repetitively about the causes and consequences of negative affect — has 

been associated with the onset (Just & Alloy, 1997), deteriorating course (Kuehner & Weber, 

1999), chronicity (Nolen-Hoeksema, 2000), and duration of depression (Just & Alloy, 1997; 

Nolen-Hoeksema, Morrow, & Fredrickson, 1993).  
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In summary, in Beck’s cognitive model of depression, early adverse events (in 

combination with genetic and personality factors) contribute to the establishment of depressive 

self-referential schemas (also known as latent dysfunctional attitudes). Negative schemas, once 

they have been activated by stressors, influence information processing in the brain, resulting in 

negatively biased attention, processing and memory. Specific biases in attention and memory 

result from inhibitory deficits, which also contribute to a ruminative response style that 

perpetuates negative thoughts about the self, the world and the future. This process instigates a 

feedback loop within the cognitive system that serves to initiate and maintain an episode of 

depression (Study 2, Figure 1).  

 

Correlates of the Cognitive Model  

In the following sections, we will review recent discoveries regarding the functional and 

structural neurobiological architecture associated with depression and then present these findings 

in the context of the cognitive model. Integrating neurobiological data within a cognitive 

framework will allow for a holistic, theory-driven examination of the model, which is crucial for 

advancing our understanding of the etiology and treatment of depression. In parallel with 

existing neurobiological models of depression that focus on affective symptomatology (Liotti et 

al., 2000; Mayberg, 1997; 2003; M. L. Phillips, Drevets, Rauch, & Lane, 2003a; 2003b), our 

Review suggests that cognitive biases in depression are due to maladaptive bottom-up processes 

(i.e. patterns of activation starting in subcortical brain regions that are lower along the cognitive 

hierarchy, which proceed sequentially to connected cortical areas higher up) that are generally 

perpetuated by attenuated cognitive control (i.e. failure of regions higher on the cognitive 

hierarchy to effectively regulate activity in those lower regions).   
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Biased Attention for Emotional Stimuli 

The inability to allocate attention to appropriate emotional cues is central to the cognitive model 

(Posner & Rothbart, 2000). For individuals without mood disturbance, attention is generally 

biased towards positive stimuli (Gotlib et al., 2004). However, clinically depressed individuals 

have no such selective attention towards angry, happy, or neutral stimuli and instead show an 

attentional bias for sad stimuli (Gotlib et al., 2004). The inability to disengage from negative 

stimuli is thought to exacerbate symptoms of dysphoria and perpetuate the positive-feedback 

loop of depressive symptoms (Hasler, Drevets, Manji, & Charney, 2004). Below we discuss the 

neural mechanisms that may underlie biased attention in individuals with depression.  

Cortical areas associated with attention in healthy individuals, including areas controlling 

shifts in gaze, include the intraparietal sulcus, precentral sulcus, superior temporal sulcus, and 

prefrontal cortex (Corbetta et al., 1998). These areas help select competing visual stimuli, which 

are represented in the visual cortex as mutually-suppressive signals. The directing of attention to 

one stimulus simultaneously suppresses processing of other, competing stimuli (Kastner, De 

Weerd, Desimone, & Ungerleider, 1998). The act of switching attention requires attentional 

disengagement, which necessitates top-down intervention from high-order cortical structures 

such as the ventrolateral prefrontal cortex (VLPFC; associated with control over stimulus 

selection), dorsolateral prefrontal cortex (DLPFC; associated with executive functioning) and 

superior parietal cortex (associated with shifts in gaze) (Beevers, Clasen, Stice, & Schnyer, 2010; 

Cohen & Lieberman, 2010; Fales et al., 2008; Passarotti, Sweeney, & Pavuluri, 2009) (Study 2, 

Figure 2). 
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It is possible that in depression, attentional focus on a negatively valenced stimulus 

effectively blocks out the processing of other, potentially more positive information. Indeed, 

there is evidence that depressed people show increased attention for negative stimuli and 

decreased attention for positive stimuli relative to non-depressed individuals (Kellough et al., 

2008). This effect may stem from inefficient attentional disengagement from negative stimuli, 

which in depressed individuals is associated with decreased activity in the right VLPFC, right 

DLPFC, and right superior parietal cortex compared to healthy controls (Beevers et al., 2010; 

Fales et al., 2008). We propose that reduced activity in these regions contributes to depressed 

individuals’ difficulty with disengagement from negative stimuli, thereby lengthening the 

duration of exposure to depressive items (Beevers et al., 2010; Fales et al., 2008; Gotlib & 

Hamilton, 2008; Koster et al., 2005).  

One putative mechanism that contributes to impaired disengagement is deficient 

inhibition (i.e., the inability to disengage can be viewed as an impaired ability to inhibit attention 

for negative stimuli). Normal inhibitory processing has been associated with activity in the 

rostral ACC (G. Bush, Luu, & Posner, 2000; Shafritz, Collins, & Blumberg, 2006), but the 

pattern of ACC activity is substantively different in depressed individuals. Healthy individuals 

show greater rostral ACC activity when successfully inhibiting attention to positive stimuli, 

whereas depressed individuals show greater activation when successfully inhibiting attention to 

negative stimuli (Elliott, Rubinsztein, Sahakian, & Dolan, 2002; Eugène, Joormann, Cooney, 

Atlas, & Gotlib, 2010; Mitterschiffthaler et al., 2008). This suggests that healthy individuals 

require greater cognitive effort to divert attention away from positive stimuli, but depressed 

individuals require greater cognitive effort to divert attention away from negative stimuli. In the 
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context of the cognitive model, altered rostral ACC function likely contributes to biased attention 

for negative information in depression by disrupting efficient inhibition of negative stimuli.  

 

Study 2, Figure 2 - Putative cognitive neurobiological model of biased attention for negative 

stimuli in depressed individuals. The areas associated with biased attention for negative stimuli 

include the anterior cingulate cortex (ACC), dorsolateral prefrontal cortex (DLPFC), 

ventrolateral prefrontal cortex (VLPFC), and superior parietal cortex (SPC). Although it is 

unclear which process instigates the bias, research indicates that the VLPFC is involved in 

selecting gaze targets, the DLPFC and ACC inhibit the VLPFC to promote disengagement, and 

the SPC is involved in coordinating shifts in gaze. All four regions show decreased functional 

activity (indicated in blue) in depressed individuals compared to healthy controls, suggesting that 

all three of the above steps are attenuated to some degree. Solid arrows (which represent intact 

associations) and dotted arrows (which represent attenuated associations) are intended to 

represent functional connections, not necessarily anatomical connections. 

 

In sum, the observed differences in cortical activity between healthy and depressed 

individuals can be individually associated with elements of biased attention. Within the cognitive 

model framework, depressed individuals are less efficient at selecting stimuli (due to decreased 
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VLPFC function), coordinating disengagement from negative stimuli (due to decreased DLPFC 

and ACC function), and shifting gaze onto other, potentially adaptive stimuli (due to decreased 

superior parietal cortex function) (see Study 2, Figure 2). 

  

Biased Processing of Emotional Stimuli 

Once stimuli have been perceived from the environment, the cognitive model predicts that 

depressed individuals will show particular awareness for negative aspects of the stimuli 

(Mathews & MacLeod, 2005). Below we discuss the neural mechanisms that might underlie this 

bias (Study 2, Figure 3).  

Emotional stimuli are relayed to the thalamus, which projects directly to the amygdala 

(LeDoux, 1996). The amygdala, which is an important brain structure involved in detecting 

emotion (possibly linked to its proposed role in salience detection (Sander, Grafman, & Zalla, 

2003; A. Santos, Mier, Kirsch, & Meyer-Lindenberg, 2011)), interprets and perpetuates the 

emotional quality of the stimulus, and appears to be regulated in part by indirect inhibitory input 

from the left DLPFC (R. J. Davidson, 2000; Drevets, 2001). Amygdala activity increases in 

healthy individuals during processing of emotional information (Costafreda, Brammer, David, & 

Fu, 2008), but has an inverse relationship with left DLPFC activation, which is theorized to 

represent a system of higher-order cognitive intervention (Costafreda et al., 2008; R. J. Davidson, 

2000; Fales et al., 2008; Siegle, Steinhauer, Thase, Stenger, & Carter, 2002).  

When depressed individuals process negative stimuli, they show amygdala reactivity that 

is more intense (by up to 70%) and longer lasting (up to three times as long) than healthy 

controls, even when an emotional task is immediately followed by a non-emotional task (Drevets, 

2001; Siegle et al., 2002). The association appears to be linear in depressed individuals, such that 
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processing of increasingly sad faces is accompanied by increasing activation in the left amygdala 

and putamen (Surguladze et al., 2005). Recent studies indicate that this pattern of amygdalar 

response, indicative of biased stimulus processing, is automatic and exists even if the emotional 

valence of the stimulus is masked to the conscious mind via subliminal presentation (Dannlowski, 

Ohrmann, Bauer, Kugel, et al., 2007b; Suslow et al., 2009; Victor, Furey, Fromm, Ohman, & 

Drevets, 2010). An increased amygdala response is associated with faster processing of negative 

stimuli, along with decreased levels of psychological well-being (van Reekum et al., 2007). 

Further, excessive amygdala reactivity in depressed individuals persists even after the aversive 

stimulus is no longer present (S. M. Schaefer et al., 2002), and antidepressant medication has 

been shown to diminish the extent of amygdalar reactivity to negative stimuli (Anand, Li, Wang, 

Gardner, & Lowe, 2007; Fu et al., 2004). Thus, it appears that untreated depressed individuals 

are not only more likely to attend to negative stimuli than healthy controls (see above), they are 

experiencing a stronger and longer-lasting neural response to these stimuli (for an in-depth 

review of functional changes following depression treatment, see (DeRubeis et al., 2008)).  

In depressed individuals, increased amygdala reactivity creates a bottom-up signal that 

biases emotional stimulus processing in higher cortical areas and can maladaptively alter 

perceptions of the environment and of social interactions (Victor et al., 2010). The perception of 

negative information may persist as a result of reduced cognitive control over the amygdala 

associated with aberrant activation in the bilateral DLPFC (Drevets, 2001; Fales et al., 2008; 

Gotlib & Hamilton, 2008). Anatomical and functional abnormalities in the DLPFC differentiate 

depressed and healthy individuals, such as decreased gray matter volume (C.-T. Li et al., 2010), 

lower resting-state activity, and decreased reactivity to both positive and negative stimuli (Gotlib 

& Hamilton, 2008). These abnormalities may contribute to a decoupling of left DLPFC and 
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amygdala activation, particularly when cognitive resources are being otherwise utilized, although 

depressed individuals may not show both effects simultaneously (Siegle, Thompson, Carter, 

Steinhauer, & Thase, 2007). Additionally, hyperactivity in the right DLPFC, commonly observed 

alongside left DLPFC hypoactivity (Liotti, Mayberg, McGinnis, Brannan, & Jerabek, 2002; 

Mottaghy et al., 2002), is associated with anticipation of negative stimuli (Ueda et al., 2003) and 

may bias attentional resources towards emotional stimuli (Grimm et al., 2008). Altered function 

in the DLPFC bilaterally has been associated with decreased cognitive control, thereby 

facilitating heightened amygdala reactivity, and ultimately contributing to dysfunctional 

emotional processing (Gotlib & Hamilton, 2008; Hooley, Gruber, Scott, Hiller, & Yurgelun-

Todd, 2005; H. S. Schaefer, Putnam, Benca, & Davidson, 2006; Siegle et al., 2002).  
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Study 2, Figure 3 - Putative cognitive neurobiological model of biased processing of negative 

stimuli in depressed individuals. Negative signals from incoming stimuli induce hyperactivity in 

the thalamus, from the thalamus to the amygdala and on to the subgenual cingulate cortex, which 

relays limbic activity to higher cortical regions such as the prefrontal cortex (PFC). 

Concurrently, hypoactivity in the dorsolateral prefrontal cortex (DLPFC) is associated with 

attenuated cognitive control, which impairs the ability of the dorsal anterior cingulate cortex 

(ACC) to adaptively regulate the lower regions. The net result of this process is increased 

awareness and conscious processing of negative stimuli in the environment. Solid arrows (which 

represent intact associations) and dotted arrows (which represent attenuated associations) are 

intended to represent functional connections, not necessarily anatomical connections. 
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A discrete, though not mutually exclusive, explanation for the sustained processing of 

negative emotional information in individuals with depression involves differences in the 

thalamocortical pathway — a pathway responsible for organizing and processing environmental 

stimuli (Greicius et al., 2007). Pertinent elements of this pathway include the thalamus, 

responsible for the distribution of afferent signals (Guillery, 1995; Sherman & Guillery, 2002), 

the dorsal ACC, a region that relays top-down cognitive control from the DLPFC (Ochsner & 

Gross, 2005), and the subgenual cingulate cortex, a region that integrates emotional feedback 

from the limbic system and projects to higher-order cognitive structures (Greicius et al., 2007) 

(Study 2, Figure 3).  

Dysphoric individuals show increases in thalamic activity during depressive episodes 

(Greicius et al., 2007; Holthoff et al., 2004; Neumeister et al., 2004). It has been posited that the 

increase in activity in depressed individuals may be a compensatory mechanism, attempting to 

make up for lost signal resulting from reduced functional connectivity between the medial 

thalamus and the dorsal ACC (Anand et al., 2005; Greicius et al., 2007). The dorsal ACC exerts 

less inhibitory influence over the limbic system in depressed individuals, meaning that ‘more 

depressive’ limbic feedback is able to proceed via bottom-up pathways through the subgenual 

cingulate cortex upstream to the higher-order regions (Greicius et al., 2007). Therefore, in the 

context of the cognitive model, impaired connectivity between the thalamus and the “cognitive” 

dorsal ACC may increase routing of information through the “emotional” subgenual cingulate 

cortex, which increases the perceived emotionality of incoming stimuli for depressed individuals.  

The research discussed above indicates that negative stimuli have a higher salience in 

depressed individuals compared to healthy people. In addition, depressed individuals generally 

experience a positive blockade, in the sense that they have decreased capacity to process positive 
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emotion and that positive stimuli seem to have decreased salience (Beck, 2004; Nutt et al., 

2007). For example, processing of happy faces involves activation of the right fusiform gyrus in 

healthy individuals, but activity in this area decreases as depressive symptoms increase 

(Surguladze et al., 2005). Unlike the experience of negative emotion, which is common in mood 

and anxiety disorders, decreased positive emotion is thought to be a distinctive feature of 

depression (Watson, Clark, & Carey, 1988). 

In healthy individuals, the ability to experience and maintain positive affect is closely 

associated with brain systems that mediate reward and motivation, which include the nucleus 

accumbens (NA) (Nestler & Carlezon, 2006; Tremblay et al., 2005). Top-down activity from the 

PFC has been shown to trigger dopamine release, which incites NA and amygdala activity in 

response to rewards (Del Arco & Mora, 2008; Wager, Davidson, Hughes, Lindquist, & Ochsner, 

2008). In effect, specific patterns of activity in the PFC have been shown to predict the extent 

and duration of affective responses to reward (S. H. Kim & Hamann, 2007). 

Decreased positive affect in response to reward in depressed individuals (Beck, 2004) is 

consistent with fMRI results indicating that NA and PFC activity decreased more dramatically in 

depressed individuals than healthy controls during the period following positive stimulus 

presentation (Epstein et al., 2006; Heller et al., 2009). The decrease in NA and PFC activity was 

especially prominent when subjects were asked to consciously upregulate or sustain positive 

mood (Heller et al., 2009), suggesting an impaired capacity to maintain positive affect through 

top-down control. Indeed, when depressed individuals were asked to maintain positive mood 

following a reward, those who showed sustained NA and PFC activity reported more positive 

affect several days later than those with significant decreases in NA and PFC activity (Heller et 

al., 2009).  
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Additionally, decreased reward responses can perpetuate depressed mood by failing to 

trigger adaptive behaviors. In healthy individuals, the NA is associated with the hedonic coding 

of incoming stimuli for rewarding properties, which can then be interpreted by the caudate 

nucleus to prompt appropriate reinforcement mechanisms (O'Doherty et al., 2004; Pizzagalli et 

al., 2009; Tricomi, Delgado, & Fiez, 2004). As was previously discussed, NA activity is 

influenced by PFC activity in healthy individuals (S. H. Kim & Hamann, 2007). In depressed 

individuals, reduced NA responses to rewards are associated with diminished volume and 

activity in the caudate nucleus (Epstein et al., 2006; Pizzagalli et al., 2009), and this suggests that 

rewarding properties associated with a stimulus may not be accurately labeled (Pizzagalli et al., 

2009). As a result, rewarding stimuli may fail to trigger reinforcement mechanisms, which could 

impair depressed individuals’ ability to pursue rewarding behaviors (Tricomi et al., 2004). Based 

on this evidence, we propose that decreased PFC activity reduces reward sensitivity of the NA, 

which, in turn, contributes to depressed individuals’ inability to adaptively alter reward-seeking 

behavior.  

In sum, several lines of research point to separate mechanisms (e.g., amygdala 

hyperactivity, hypoactivity in the DLPFC, blunted NA response) in individuals with depression 

that increase the salience of negative stimuli and decrease the salience of positive or rewarding 

stimuli (see Study 2, Figure 3). As a result, a depressed person displays a cognitive bias towards 

negative information and away from positive information, thus contributing to the maintenance 

of a depressed mood state. 

 

Biased Thoughts and Rumination 
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According to the cognitive model, internalizing negative emotional stimuli (i.e., letting negative 

life events influence self-esteem and self-image) leads to the experience of depression symptoms 

(Beck, 1967), and the relationship between risk factors and onset of depression symptoms has 

been shown to be mediated in part by ruminative patterns of thought (Spasojevic & Alloy, 2001).  

In addition, depressive symptoms are often reinforced by ruminative thoughts, particularly those 

that constantly remind the individual of his or her perceived flaws (Nolen-Hoeksema et al., 

1993). We posit that rumination is associated with three elements: altered emotion and memory 

processing, increased self-referential processing, and decreased top-down inhibition of these 

processes.  

Ruminative thoughts are associated with activity in regions involved in emotional recall, 

such as the amygdala and hippocampus (Denson, Pedersen, Ronquillo, & Nandy, 2009; Siegle et 

al., 2006). In depressed individuals, rumination has been correlated with sustained amygdala 

activation paired with increased reactivity in the subgenual cingulate cortex (Siegle et al., 2006). 

Interestingly, amygdala activation was weakly associated with depression severity but strongly 

associated with rumination severity, indicating the central role of emotional processing in 

ruminative thought (Siegle et al., 2006). 

In addition, rumination appears to be facilitated by a broader version of the neural 

network associated with self-referential processing (Study 2, Figure 4). The medial prefrontal 

cortex (MPFC) (Cooney, Joormann, Eugène, Dennis, & Gotlib, 2010), a key region associated 

with rumination (Cooney et al., 2010), projects directly to the amygdala (McDonald, Mascagni, 

& Guo, 1996), is considered the home of the internal representation of self (Gusnard, Akbudak, 

Shulman, & Raichle, 2001), and is associated with both self-referential attribution as well as self-

referential appraisal (Denson et al., 2009; Greicius et al., 2007; Ray et al., 2005). Attempting to 
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decrease rumination through cognitive reappraisal correlates with decreased MPFC activity, 

suggesting that ruminators who decrease negative cognition also decrease self-reference 

(Johnstone, van Reekum, Urry, Kalin, & Davidson, 2007; Ray et al., 2005). Therefore, increased 

MPFC activation in response to negative rumination (i.e. prior to reappraisal) may underlie the 

tendency of depressed individuals to interpret stimuli as self-referential (Denson et al., 2009; Ray 

et al., 2005). 

 

  



 56 

Study 2, Figure 4 - Putative cognitive neurobiological model of ruminative thought in depressed 

individuals. Regions proposed to be involved in rumination include the amygdala and the 

hippocampus, two proximal structures that exhibit mutual facilitation during processing of 

emotional stimuli. Among depressed people, hyperactivation in the amygdala and hippocampus 

(indicated in red) correlates with increased activity in the subgenual cingulate cortex, a region 

that integrates limbic feedback and relays it to the PFC. Activity in the subgenual cingulate 

appears to correspond with increased activity in the medial prefrontal cortex (MPFC), a region 

that shows default-mode activity and is associated with internal representations of self.  

Concurrently, in depressed individuals activation appears to be decreased in neighboring PFC 

regions associated with cognitive control (indicated in blue), specifically the DLPFC and 

VLPFC. Consequently, these regions are thought to have less regulatory influence on subcortical 

regions involved in memory, which facilitates the undesired recall of mood-congruent (generally 

negative) events. The net result of this process is increased ruminative thought. Solid arrows 

(which represent intact associations) and dotted arrows (which represent attenuated associations) 

are intended to represent functional connections, not necessarily anatomical connections. 
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Prolonged processing of emotional experiences in people with depression — a result of 

ruminative thought — is likely maintained by impaired top-down cognitive control over limbic 

areas, generally associated with hypoactivation in the left DLPFC and VLPFC concurrent with 

rumination (Gotlib & Hamilton, 2008; Ochsner et al., 2004; Ray et al., 2005).  Decreased activity 

in these regions might impair depressed individual’s ability to block out negative, repetitive 

thoughts (Joormann, 2006). More specifically, DLPFC and VLPFC hypoactivity are correlated 

with previously discussed depressive patterns of rostral ACC activity (i.e. decreased activation 

needed to inhibit positive stimuli and increased activation needed to inhibit negative stimuli), 

which is thought to contribute to rumination by facilitating the inhibition of positive information 

and impeding the inhibition of negative information (Elliott et al., 2002; Eugène et al., 2010; 

Mitterschiffthaler et al., 2008). The presence of either decreased inhibition for negative affect or 

increased inhibition for positive affect predicts greater depression severity (Eugène et al., 2010).  

In summary, ruminative thought patterns in depression are facilitated by sustained 

amygdala, hippocampal, and subgenual cingulate cortex activation (which prolongs the 

emotional experience), increased MPFC activity (which promotes self-referent cognition) and 

altered rostral ACC function (which modulates inhibition of emotional stimuli) (see Study 2, 

Figure 4). These effects, in turn, lead to greater rumination and often a more severe episode of 

depression (Nolen-Hoeksema, 2000). 

 

Biased Memory for Negative Stimuli 

The extent to which negative stimuli are disproportionately encoded and recalled as part of short- 

and long-term memory is an important element of the cognitive model of depression (Mathews & 

MacLeod, 2005). Biased memory is closely related to biased attention and processing, in that 



 58 

increased awareness for negative stimuli influences the probability that negative information will 

be encoded and later recalled (Beevers, Ellis, & Reid, 2011a; Koster, Raedt, Leyman, & 

Lissnyder, 2010). As such, the neurological correlates of biased memory share characteristics 

with the pathways of biased attention and processing, while incorporating regions associated 

with memory. 

 As with biased processing, amygdala reactivity plays a key role in biased memory 

through bottom-up influence of other areas (Hamilton & Gotlib, 2008). Activity in the amygdala 

facilitates the encoding and retrieval of emotional stimuli in healthy individuals (Adolphs, Cahill, 

Schul, & Babinsky, 1997; Cahill, Babinsky, Markowitsch, & McGaugh, 1995) by modulating 

activity in the hippocampus, a region central to episodic memory (Packard, Cahill, & McGaugh, 

1994; Steinvorth, Levine, & Corkin, 2005), and in the caudate and putamen, regions associated 

with skill learning (Packard et al., 1994). In depressed individuals, hyperactivity in the right 

amygdala was associated with better encoding of negative stimuli, but not positive or neutral 

stimuli (Hamilton & Gotlib, 2008). Further, amygdala activity in depressed individuals during 

encoding was correlated with increased hippocampus, caudate and putamen activity, which in 

turn facilitated recall of negative (but not positive) information (Hamilton & Gotlib, 2008). This 

finding suggests that memory biases in depression may be due to both increased amygdala 

function during encoding and enhanced hippocampal, caudate and putamen activity during recall 

of negative information compared to non-depressed individuals (Study 2, Figure 5).  

 Attempting to recall emotionally charged autobiographical memories yields divergent 

neural responses in depressed and healthy individuals. The ventral MPFC, a region associated 

with abstract representations of reward value (amongst other functions) (Elliott, Friston, & Dolan, 

2000; Knutson, Fong, Adams, Varner, & Hommer, 2001), is hyperactive during recall of self-
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relevant happy events and hypoactive during recall of self-relevant sad events in depressed 

individuals compared to healthy controls (Keedwell, Andrew, Williams, Brammer, & Phillips, 

2005). One interpretation is that depressed individuals require greater cognitive effort (for 

example, by the MPFC) to recall happy personal memories whereas recall of negative memories 

requires less top-down influence (partly due to increased automatic bottom-up processing of sad 

stimuli) (Keedwell et al., 2005).  

 

Study 2, Figure 5 - Putative cognitive neurobiological model of biased memory for negative 

stimuli in depressed individuals.  Biased memory in depressed individuals is another process that 

is consistently correlated with amygdala hyperactivity (indicated in red). As negative stimuli are 

processed, amygdala activity is heightened and sustained. This leads to reciprocal activation in 

the hippocampus, a region critical to episodic memory formation, as well as the caudate and 

putamen, two regions closely involved with implicit memory and skill learning.  In depressed 

individuals, this circuit is hyperactive during processing of negative but not positive stimuli, and 

has been shown to increase the rate of recall of negative but not positive stimuli. Solid arrows 

(which represent intact associations) and dotted arrows (which represent attenuated associations) 

are intended to represent functional connections, not necessarily anatomical connections. 
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In sum, it appears that biased memory for negative stimuli in depression may be 

associated with hyperactivity in the amygdala, triggering bottom-up regulation of the 

hippocampus, caudate and putamen, which may allow for depressive recall without the need to 

recruit top-down prefrontal regions, although further research will be needed to support this 

perspective (see Study 2, Figure 5). 

 

Dysfunctional Attitudes/Negative Schema 

Dysfunctional attitudes, specifically negative self-referential schemas, play a central role in the 

cognitive model of depression. Here, the individual forms firm beliefs or representations about 

themselves, their environment, or their future that directly relate to their own self-worth. 

Although relatively few studies have examined the networks involved with dysfunctional 

attitudes, existing research has identified several areas associated with these maladaptive beliefs. 

During negative self-referential tasks, depressed individuals show activation in the MPFC, ACC, 

and amygdala that is correlated with depression symptom severity (Craik, 1999; Fossati et al., 

2003; Gusnard et al., 2001; Kelley et al., 2002; Yoshimura et al., 2009). These regions, which 

represent the higher, intermediate, and lower levels of the cognitive hierarchy respectively, 

comprise a network of self-referential thought, in which maladaptive patterns of activation lay 

the groundwork for biased schemas (Study 2, Figure 6).  

The roles of these regions may be inferred from what is known about their involvement 

in other processes. The amygdala, located near the bottom of the cognitive hierarchy, is closely 

implicated in emotionality and emotional processing (DavidsonIrwin, 1999; Sergerie, Chochol, 

& Armony, 2008). The MPFC, located near the top of the cognitive hierarchy, is thought to be 

the key region for internal representation of self (Gusnard et al., 2001). In fMRI studies, this area 
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shows the highest baseline activation when the subject is not actively involved in a task, 

suggesting that the MPFC may respond to self-focused stimuli (Gusnard et al., 2001). The ACC 

serves three key intermediary functions; the dorsal ACC relays top-down cognitive signals 

(Ochsner & Gross, 2005), the ventral ACC influences the extent to which incoming sensory 

information is labeled with emotional valence (Moran, Macrae, Heatherton, Wyland, & Kelley, 

2006) and the rostral ACC influences the extent to which incoming sensory information is 

labeled as self-referential (Yoshimura et al., 2010). Depressed individuals have been shown to 

exhibit decreased resting-state connectivity between the dorsal ACC and limbic areas (Anand et 

al., 2005), which is associated with increased amygdalar response to negative stimuli(Anand et 

al., 2005) (likely related to decreased cognitive intervention). Hyperactivation in the amygdala, 

MPFC, and ACC together predict a greater propensity towards self-attribution of external stimuli  

(Yoshimura et al., 2009; 2010), which, due to biased attention and processing in depressed 

individuals, is more likely to be negative. Thus, consistent with the cognitive theory of 

depression, the amygdala, ACC, and MPFC form a circuit that, if hyperactive, likely facilitates 

and maintains a depressed person’s negative, self-referential beliefs (Study 2, Figure 6). 

Extensive research has also focused on the role of serotonin transporter (5-HTT) binding 

as a key moderator of pessimism, a specific self-referential schema(Meyer, 2007; Meyer et al., 

2003). In the synapse, elevated levels of 5-HTT binding facilitates serotonin reuptake, which, by 

decreasing the amount of available extracellular serotonin, is thought to contribute to heightened 

risk of depression (Owens & Nemeroff, 1994). In depressed patients with marked pessimism –a 

form of dysfunctional attitude as measured by the Beck Hopelessness Scale (Bouvard, Charles, 

Guerin, Aimard, & Cottraux, 1992)—5-HTT binding was elevated in the PFC, ACC, putamen, 

and thalamus compared to depressed patients without pessimism (Meyer, 2007). Similar 
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serotonin binding results were found in adults with a history of recurrent depression, which 

suggests that vulnerability to dysfunctional attitudes is biologically present even when depressive 

symptoms are not (Bhagwagar et al., 2006). For further review on the role of serotonin and other 

neuropeptides in depression, see (Werner & Covenas, 2010)or (Nutt, 2008). 
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Study 2, Figure 6 - Putative cognitive neurobiological model of self-referential schemas in 

depressed individuals. The development and reinforcement of self-referential schemas in 

depression are perpetuated by consistent patterns of hyperactivation (indicated in red) along a 

pathway that increases the salience and self-referential elements of negative stimuli or events. 

Signals representing negative stimuli or events are routed by the thalamus along the cognitive 

hierarchy, starting with the amygdala. Increased amygdalar activity induces increased activity in 

its projection regions, specifically the anterior cingulate cortex (ACC). Different subregions of 

the ACC have different cognitive roles, with the ventral ACC being involved in labeling stimuli 

with emotional valence, and the rostral ACC being involved in labeling stimuli with self-

reference values. However the dorsal ACC, which is involved in relaying top-down cognitive 

inputs, demonstrates reduced functional connectivity with limbic regions, which contributes to 

attenuated cognitive control. Activity in the ACC is correlated with hyperactivity in the MPFC, a 

higher-order region associated with internal representations of the self. Finally, increased 5-HTT 

binding in the PFC, ACC, putamen, and thalamus has been associated with increased 

dysfunctional attitudes among depressed individuals. Solid arrows (which represent intact 

associations) and dotted arrows (which represent attenuated associations) are intended to 

represent functional connections, not necessarily anatomical connections. 
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In sum, self-referential schemas likely result from a sequence of processes, starting with 

altered resting-state functional connections, and proceeding to include aberrant activity in lower 

emotion detection regions (amygdala), intermediate regions mediating stimulus encoding (rostral 

and ventral ACC), and higher-order, self-referential brain regions (MPFC). In the context of the 

cognitive model of depression, these regions form a pathway that emphasizes the emotionality 

and self-referential nature of incoming stimuli.  In addition, decreased serotonin expression, 

facilitated by increased 5-HTT binding, appears to play a prominent role in the development of 

dysfunctional attitudes (see Study 2, Figure 6).  

 

An Integrated Cognitive-Biological Model  

As reviewed above, the neurobiological mechanisms that putatively underlie cognitive biases in 

depression appear to be influenced by two key processes: neurobiological processes that initiate 

the cognitive bias, and attenuated cognitive control, which allows the bias to persist (Study 2, 

Figure 7). Based on the presented findings, we propose that the former is best attributed to a 

bottom-up process that begins with hyperactivity of the limbic system (most notably the 

amygdala) and proceeds through the subgenual cingulate cortex, ACC, caudate, putamen, NA, 

hippocampus, to the prefrontal and frontal cortex. Limbic hyperactivity is associated with a 

redistribution of cerebral blood flow, which modulates the distribution of oxygen and incites 

reciprocal suppression in regions that are “higher up” along the cognitive hierarchy (Drevets & 

Raichle, 1998). In this way, heightened functional responses to emotion stimuli directly 

influence the individual’s capacity to accurately interpret information in their environment.  

The second component takes the form of attenuated cognitive control—a diminishing of 

the top-down system that prevents unrestrained activation in emotional regions of the brain. This 



 65 

attenuation in cognitive control appears to be region specific (e.g., MPFC for self-referential 

schemas, DLPFC for rumination and biased processing, and VLPFC for biased attention), and 

curbs the top-down relationship (via the ACC and thalamus) with pertinent subcortical regions. 

With limited top-down cognitive control from the prefrontal cortex, the consequences of 

maladaptive bottom-up activity persevere, including enhanced amygdala reactivity (which 

contributes to biased attention and processing), blunted NA response (which contributes to 

positive blockade), and aberrant functioning of the caudate and putamen (which contributes to 

dysfunctional attitudes and biased memory). In the context of the cognitive model of depression, 

subcortical regions, unchecked by cognitive control, reinforce the cognitive biases, leading to the 

ultimate outcome of increased awareness for schema-consistent stimuli, which in turn 

perpetuates depression.  
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Study 2, Figure 7 - Summary of an integrated cognitive neurobiological model of depression. 

This flowchart represents the sequence of events that are proposed to be involved in the 

development of depression, beginning with depression vulnerability factors and environmental 

stressors and resulting in depressive symptomatology. The figure outlines the neurobiological 

events that are associated with each step of the cognitive model: schema activation, biased 

attention, biased processing and biased memory and rumination. The brain regions in this 

flowchart are divided into two groups – on the top (in the white box) are regions associated with 

bottom-up, limbic system influences, and on the bottom (in the black box) are regions that 

maintain bottom-up influences via altered top-down, cognitive control. Note that all elements 

contribute directly to depressive symptomatology, but also feed back, exacerbating schema 

activation.   
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The cognitive-neurobiological model we propose (Study 2, Figure 7), which implicates 

bottom-up activation that is unchecked by top-down cognitive control, is consistent with current 

models of depressive phenomenology, most notably those of Phillips (M. L. Phillips, Drevets, 

Rauch, & Lane, 2003a; 2003b) and Mayberg (Liotti et al., 2000; Mayberg, 1997; 2003). Phillips 

and colleagues describe the neural substrates of depression that are associated with altered 

emotion processing, which they break down into three functions: identifying the emotional 

significance of incoming stimuli, producing an affective state in response to these stimuli, and 

regulating the parameters of the affective state (M. L. Phillips, Drevets, Rauch, & Lane, 2003a). 

The first two are associated with a ventral system (e.g. amygdala, striatum, and subgenual 

cingulate), while the regulatory third function is associated with a dorsal system (e.g. PFC, dorsal 

ACC) (M. L. Phillips, Drevets, Rauch, & Lane, 2003a). Similarly, Mayberg conceptualizes 

depression as a multidimensional, systems-level disorder which stems from limbic-cortical 

dysregulation (Mayberg, 1997; 2003). Mayberg’s model is characterized by decreased activity in 

dorsal neocortical regions paired with increased activity in ventral paralimbic regions, a 

relationship that is mediated by aberrant rostral ACC activity (Mayberg, 1997; 2003). Our 

formulation integrates the hierarchical structure of these systems-level models for emotion 

regulation with the dominant cognitive model of depression. 

Fortunately, the cognitive-neurobiological model proposed in this Review points to 

potential techniques to interrupt the cycle of altered cognitive processing in depression. From a 

global perspective, increasing the amount of serotonin available in the PFC may ameliorate 

excessive 5-HTT binding and bolster cognitive control, which could decrease the propensity to 

attend to schema-consistent (that is, negative) stimuli. Such a mechanism could explain the 

success of serotonin-based pharmaceutical interventions, such as SSRIs (Hirschfeld, 1999; 
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Owens & Nemeroff, 1994). Using Deep Brain Stimulation to reduce hyperactivity in the 

subgenual cingulate cortex, thereby reducing bottom-up influence to some extent, appears to be a 

promising depression treatment (Mayberg et al., 2005). Less invasively, specific cognitive biases 

(and presumably the neural circuits that support these biases) can be targeted with cognitive 

interventions such as attention training, where patients learn to automatically shift attention away 

from negative material (Hakamata et al., 2010; T. T. Wells & Beevers, 2010), or interpretation 

training, where depressed individuals repeatedly learn to develop less negative and more benign 

interpretations of ambiguous situations (E. A. Holmes et al., 2009). These approaches have a lot 

of potential, but they are in the very early stages of development and their effectiveness with 

clinically depressed individuals has not yet been established (T. T. Wells & Beevers, 2010). In 

addition, traditional cognitive behavioral therapy (CBT) is used to target the elements of Beck’s 

model, particularly dysfunctional attitudes, using direct cognitive interventions such as thought 

records and guided discovery (Beck et al., 1979). Using CBT and other techniques to ameliorate 

cognitive biases aims to undermine patients’ perceived accuracy of the schema (Butler et al., 

2006). As a result, fewer negative stimuli elicit bottom-up reactivity, and the burden on cognitive 

control systems to regulate subcortical regions would also be mitigated (Goldapple et al., 2004). 

This hypothesis is supported by research showing that CBT normalizes amygdala and DLPFC 

activity in depressed individuals (DeRubeis et al., 2008). 

Future research should seek to identify which neurobiological mechanisms contribute to 

the selective processing towards negative and away from positive environmental stimuli. 

Maladaptive activity in the amygdala and prefrontal cortex appear to be frequent associates of 

biased information processing, but few research studies have addressed why negative stimuli are 

favored over equally salient positive or fearful stimuli in depressed individuals. Cognitive theory 
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suggests that negative mood states favor processing of mood congruent stimuli. There is 

evidence to support this idea (Suslow et al., 2010) but additional imaging work is needed to 

confirm this initial finding. In addition, researchers should endeavor to address the dearth of 

longitudinal studies in this area. Cognitive biases could theoretically serve as a predictor of the 

length and severity of depressive episodes, as some studies suggest (Chan, Harmer, Goodwin, & 

Norbury, 2008; Rude et al., 2010). Similarly, CBT can modulate cognitive and behavioral factors 

that maintain biases in attention, information processing and memory (Goldapple et al., 2004), 

yet few such studies have investigated these effects over time. Further, the processes that 

contribute to the development of these cognitive and neural anomalies largely remain unknown, 

although a growing field of research implicates childhood abuse with the onset of cognitive 

biases later in life (Gibb, Schofield, & Coles, 2009). Once biases have been formed, the extent to 

which their neurobiological underpinnings are necessary or sufficient for the maintenance of 

depression is another important direction for future research.  

With this Review, we hope to have provided a preliminary framework that identifies the 

neurobiological underpinnings of Beck’s cognitive model of depression. In so doing, we provide 

a psychobiological formulation that synthesizes cognitive and neurobiological areas of research. 

From our perspective, research that integrates work across levels of analysis is critical to the 

development of a more thorough understanding of major depressive disorder. Doing so would 

not only improve etiological models of depression, but could also facilitate the development of 

more effective somatic and psychological treatments and reduce suffering associated with this 

debilitating disorder.  
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Study 3 - War zone stress interacts with the 5-HTTLPR polymorphism 

to predict the development of sustained attention for negative emotion 

stimuli in soldiers returning from Iraq.3 

Introduction 

Soldiers returning from a war zone environment are at high risk for the development of 

psychopathology, particularly anxiety and mood disorders (Boscarino, 1995; Fontana & 

Rosenheck, 1994; Foy, Sipprelle, Rueger, & Carroll, 1984; Kessler, Sonnega, Bromet, Hughes, 

& Nelson, 1995; Mellman, Randolph, Brawman-Mintzer, Flores, L. P., & Milanes, 1992; Seal, 

Bertenthal, Miner, Sen, & Marmar, 2007). Approximately 28% of US veterans serving in 

Operation Enduring Freedom (OEF) or Operation Iraqi Freedom (OIF) reported clinically 

significant levels of depression or anxiety following deployment (Hoge et al., 2004). Prevalence 

of clinical depression in veterans deployed to a war zone is nearly 50% higher than non-deployed 

soldiers (Hoge et al., 2004), while incidence of post-traumatic stress disorder (PTSD) jumps over 

300%, from 2.3% in non-deployed personnel to 7.6% for soldiers exposed to war zone stress (T. 

C. Smith et al., 2008). These figures likely underestimate the degree of impairment for veterans, 

considering that roughly 60% of veterans who meet criteria for mental illness do not seek mental 

health care (Hoge et al., 2004). 

Cognitive theorists suggest that altered cognitive processing of emotion stimuli serves as 

a putative foundation for the onset and maintenance of such disorders (Bar-Haim et al., 2010; 

Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007; Beck & Clark, 

                                                
3 Study 3 appears in Clinical Psychological Science  - Disner, S.G., Beevers, C. G., Lee, H.-J., 
Ferrell, R. E., Hariri, A. R., & Telch, M. J. (2013). War Zone Stress Interacts With the 5-
HTTLPR Polymorphism to Predict the Development of Sustained Attention for Negative 
Emotion Stimuli in Soldiers Returning From Iraq. Clinical Psychological Science. 



 71 

1997; Eysenck, Derakshan, Santos, & Calvo, 2007; Mathews & MacLeod, 1994). Specifically, 

biased attention for mood-congruent negative stimuli (relative to neutral or positive stimuli) has 

been consistently observed across anxious and depressed populations, yet does not appear in 

nonclinical control groups (Bar-Haim et al., 2007; B. P. Bradley et al., 1997; B. P. Bradley, 

Mogg, White, Groom, & De Bono, 1999; Bryant & Harvey, 1997; Koster et al., 2005; Mogg, 

Bradley, & Williams, 1995; Vythilingam et al., 2007).  

More specifically, in anxiety disorders, biased attention can have divergent influences 

depending on context. In stressful situations, gaze bias towards fear-related stimuli can be 

adaptive, while gaze bias away from fear-related stimuli can predict future onset of anxiety 

disorders (Bar-Haim et al., 2010; Wald et al., 2011). However, in a non-stressful environment, 

attention biased towards fear-related stimuli appears to represent a vulnerability factor for 

anxiety disorders. A meta-analysis involving 4,031 participants across 172 studies found bias 

towards fear-related stimuli to be consistently observed in patients suffering from PTSD, 

generalized anxiety disorder, panic disorder, obsessive-compulsive disorder, social phobia, and 

specific phobia, as well as those who self-report with high trait anxiety (Bar-Haim et al., 2007). 

There were no significant differences in attentional bias across disorder type, experimental 

paradigms (e.g. emotional Stroop task, the dot-probe task, and emotional spatial cuing task) or 

levels of conscious awareness (e.g. subliminal or supraliminal presentation) (Bar-Haim et al., 

2007). Importantly, biased attention has been observed in veterans with PTSD following service 

in Iraq, who show increased gaze fixation and greater pupillary response when viewing fear-

related images (Kimble, Fleming, Bandy, Kim, & Zambetti, 2010). Biased attention towards 

fear-related stimuli appears to be a robust and generalized finding across numerous domains of 

anxiety. 
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Similarly, for patients diagnosed with mood disorders such as major depressive disorder 

(MDD), attention appears to be consistently biased towards sad stimuli (Koster et al., 2005), 

although the findings are, in general, less consistent than in anxiety disorders (Mogg & Bradley, 

2005). Unlike anxiety disorders, where attentional biases are observed at 500 ms or less, biases 

in MDD generally appear in later stages of processing, often between 500 and 1000 ms (Caseras, 

Garner, Bradley, & Mogg, 2007; Donaldson, Lam, & Mathews, 2007; Gotlib et al., 2004).  

It is theorized that bias in MDD is not characterized by rapid orientation towards negative 

stimuli (as with anxiety), but rather with delayed disengagement away from negative stimuli 

(Gotlib & Joormann, 2010). This hypothesis is supported by visual search results in which MDD 

patients were no more effective at detecting negative words, but were more easily distracted once 

they did attend to negative words (Rinck & Becker, 2005). Furthermore, eye-tracking studies of 

depressed individuals have consistently shown longer gaze fixation towards sad stimuli 

compared to other emotional valences, which supports the hypothesis of delayed disengagement 

(Caseras et al., 2007; Eizenman et al., 2003; Kellough et al., 2008). Although the underlying 

cognitive processes may differ, both depressed and anxious individuals demonstrate a significant 

and reliable attentional bias that increases exposure to negative stimuli. 

In addition to co-occurring with mental illness, there is evidence to suggest that biased 

attention for negative stimuli may play a key role in the formation and maintenance of anxiety 

and mood disorders. Attentional biases towards negative stimuli are believed to stem from the 

activation of specific negative cognitive schemas (Beck, 1967; 2008; D. A. Clark et al., 1999; 

Foa, Feske, Murdock, Kozak, & McCarthy, 1991; Foa, Steketee, & Rothbaum, 1989). When 

these schemas are activated, it likely interferes with adaptive cognitive mechanisms that would 

otherwise be used to integrate contextual information or facilitate reappraisal of incoming 
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stimuli.  As a result, salience for the negative stimuli is enhanced and coping may be attenuated 

(Beck, 2008; D. A. Clark et al., 1999; Foa et al., 1989; 1991).  

Recent studies have identified the role of attentional biases in predicting 

psychopathology, particularly in the context of environmental stressors. Increased gaze towards 

negative stimuli has been shown to interact with life stress to prospectively predict increases in 

depression symptoms (Beevers & Carver, 2003). More specifically, prospective research in OIF 

soldiers has found that negative attentional bias moderates the relationship between war zone 

stress exposure and worsening of clinical symptoms reported during deployment (Beevers, Lee, 

Wells, Ellis, & Telch, 2011b). For those exposed to war-related threat (including civilians), 

increases in the magnitude of biased attention predicted increases in overall psychological 

distress, including symptoms of PTSD, depression, and anxiety (Bar-Haim et al., 2010). These 

findings suggest that biased attention is more than a symptom or scar of mental illness, but rather 

an indicator of cognitive vulnerability to anxiety and depression (De Raedt & Koster, 2010; Foa 

et al., 1989; Ingram, Bernet, & McLaughlin, 1994). 

 The presence and severity of attentional bias for negative stimuli may have a direct and 

possibly causal role in the etiology of emotional disorders. However, the etiological processes 

that contribute to the acquisition of attentional biases are not firmly understood. Childhood 

maltreatment appears to predict the development of attentional biases in children (Pine et al., 

2005), as well as adults (Fani, Bradley-Davino, Ressler, & McClure-Tone, 2011; Gibb et al., 

2009). In addition, negative peer experiences may predict attentional bias to stimuli associated 

with social threat (Haddad, Lissek, Pine, & Lau, 2013). However, research investigating the 

etiology of attentional biases is generally lacking. 
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In this study, we examined the association between level of exposure to war zone 

stressors and pre- to post-deployment changes in attention for negative stimuli. Soldiers who 

show increased gaze towards negative stimuli following deployment may be at increased risk for 

subsequent anxiety and depression symptoms (Beevers, Lee, Wells, Ellis, & Telch, 2011b). 

Greater understanding of the factors that moderate this cognitive vulnerability could help 

mitigate the risk of these negative outcomes.  

Of particular interest is whether allelic differences in the serotonin transporter gene 

(SLC6A4) promoter polymorphism (5-HTTLPR), a region known to moderate cognitive 

vulnerability in anxiety and depression (Beevers, Scott, McGeary, & McGeary, 2009a; Caspi, 

Sugden, Moffitt, Taylor, Craig, Harrington, McClay, Mill, Martin, Braithwaite, & Poulton, 2003; 

Schinka, Busch, & Robichaux-Keene, 2004; Xie et al., 2009), interact with the harmful effects of 

stressful environments. The 5-HTT gene, which regulates serotonin reuptake, has two common 

variants in the promoter region: a short allele (S) and a long allele (L) (Heils et al., 1996). The 

presence of the S allele is associated with decreased available serotonin transporter and 

decreased cellular serotonin uptake (Heils et al., 1996; Lesch et al., 1996).  

The 5-HTTLPR short allele has been associated with increased susceptibility to 

environmental factors (Belsky & Pluess, 2009). In the absence of life stress, this genetic 

plasticity predicts increased life satisfaction, decreased depression, and decreased neuroticism 

(Belsky & Pluess, 2009; Kuepper et al., 2012; S. E. Taylor et al., 2006). However, the short 

allele has also been shown to predict negative cognitive, behavioral, and physiological outcomes 

for those experiencing significant life stress (Caspi, Sugden, Moffitt, Taylor, Craig, Harrington, 

McClay, Mill, Martin, Braithwaite, & Poulton, 2003; Xie et al., 2009), including acute, life-

threatening situations (Mercer et al., 2012; Telch et al., n.d.). Specifically, the short allele has 
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been associated with greater attentional bias as a function of environmental influences. This has 

been shown in experimental manipulations, where attention bias modification yielded greater 

bias towards negative stimuli in short allele carriers (Fox, Zougkou, Ridgewell, & Garner, 2011). 

It is consistent with a recent meta-analysis (Pergamin-Hight, Bakermans-Kranenburg, van 

IJzendoorn, & Bar-Haim, 2012), which showed that short allele homozygotes display 

significantly longer attentional fixation towards negative stimuli than other 5-HTTLPR genotype 

groups (see also, (Fox, Ridgewell, & Ashwin, 2009; Osinsky et al., 2008; Pérez-Edgar et al., 

2010). 

Based on these findings, we hypothesized that the soldiers’ 5-HTTLPR genotype will 

moderate the association between war zone stress exposure and pre- to post-deployment 

increases in attention for negative stimuli. In particular, we expect SS participants who 

experience more war zone stress will show greater change in attention towards negative stimuli 

(e.g. sad and fearful faces) upon returning from Iraq. This finding would help explain the close 

relationship between war zone stress exposure and negative outcomes, and would shed light on 

mechanisms that underlie the development of cognitive biases that confer risk for emotional 

disorders. 

Methods and Materials 

Participants 

Participants were 91 US Army soldiers with no prior war zone experience who were 

scheduled for deployment to Iraq from Fort Hood, Texas. Participants were predominantly males 

in their early-to-mid twenties (80/11 male/female ratio with a mean age of 23.9 years old). The 

military rank for the majority of participants was either Private First Class (33%) or Private E-2 

(29%). Participants were deployed for an average of 400 days and time between pre-deployment 
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and post-deployment assessments was 515 days. Racial breakdown was as follows: 70.3% 

Caucasian, 11% African American, 9.9% American Indian/Alaska Native, 4.4% mixed race, and 

2.2% each for Asian and Native Hawaiian/Pacific Islander. There were no significant differences 

in genotype distribution as a function of race (Study 3, Table 1). Additionally, all of the final 

analyses were consistent with analyses run in separate sub-populations consisting of Caucasian 

participants (n=64) and non-Caucasian participants (n=27), though sub-populations of this size 

lack the power to merit further discussion. Due to the lack of group differences, race will not be 

discussed further. 

 

Study 3, Table 1 Distribution of 5-HTTLPR genotype as a function of race – Study 3, Table 

1 presents the frequency breakdown across race for each of the three genotype variants – 

homozygous long allele (LL), heterozygous (SL), and homozygous short allele (SS). There 

was no significant difference in genotype frequency across race.   

 

Genotype	   Total	   Caucasian	   African-‐
American	  

American	  
Indian/Alaska	  

Native	  

Native	  Hawaiian	  
/	  Pacific	  Islander	  

Asian	   Mixed	  
Race	  

LL	   24	   16	   4	   2	   0	   0	   2	  
SL	   50	   39	   5	   5	   1	   0	   0	  
SS	   17	   9 1 2 1 2 2 

 

Participants were selected from a sample of 184 soldiers who provided informed consent.  Of 

the excluded participants, 6 were not deployed to Iraq and 1 withdrew consent. Of the remaining 

177, genetic data was not available for 31 soldiers, 17 soldiers failed to come in for post-

deployment assessment, and eye tracking was unsuccessful for 38 soldiers (i.e. less than 7 of the 

8 eye tracking trials with 60% or more data points available on either assessment). The 
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participants who were excluded from the final sample did not differ in age (p=0.37) or stress 

exposure (p=0.65), nor did they differ on in situ measures of PTSD (p=0.80) or depression 

symptoms (p=0.80) compared to those who completed all study assessments.  

Assessments 

War zone stressors. War zone stress was recorded using the Combat Experience Log (CEL). 

The CEL is a web-based system which allows soldiers to select from a list of 18 well-validated 

war zone stressors (e.g., received hostile incoming fire, observed homes or villages being 

destroyed, received bad news from home) (H.-J. Lee, Goudarzi, Baldwin, Rosenfield, & Telch, 

2011a). These stressors were chosen from a modified version of the Deployment Risk and 

Resilience Inventory (L. A. King, King, Vogt, Knight, & Samper, 2006). Soldiers may also list 

up to two unique stressors not covered by the 18 standard items. Due to the nature of military 

service and intermittent internet access during active combat, frequency of CEL completion was 

highly variable. The CEL prompts participants to log the number of war zone stressors they 

experienced since their previous CEL assessment. Soldiers could therefore be reporting across 

different lengths of time, depending on their access to the CEL system. To control for this 

variability in reporting time, the sum total of war zone stressors endorsed across all CELs was 

used to estimate level of war zone stress exposure during deployment. Number of CEL 

assessments was entered as a covariate in all analyses.  

PTSD symptoms. The 17-item PTSD checklist (PCL) – military version is a self-report scale 

designed to assess the presence and severity of PTSD symptoms in response to stressful military 

experiences (Weathers, Litz, Herman, Huska, & Keane, 1993). It is used for screening, 

diagnosing, and monitoring symptom change for active service members and veterans of military 

service. Questions are divided into three domains: re-experiencing, avoidance/psychic numbing, 
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and hyperarousal. A total score of 50 is commonly used as a cutoff for PTSD diagnosis 

(Blanchard, Jones-Alexander, Buckley, & Forneris, 1996; Perrin et al., 2007). The PCL was 

administered before and after deployment. 

Depression symptoms. The Center for Epidemiologic Studies – Depression scale (CES-D) is 

a 20-item, self-report scale designed to assess the presence and severity of depressive symptoms 

over the previous week (Radloff, 1977). Questions cover a range of potential symptoms, 

including sad mood, self-worth, motivation, and appetite. The CES-D was administered before 

and after deployment. 

Genetic assessment.  Assays of 5-HTTLPR were conducted by sampling epithelial cells 

collected via passive drool of whole saliva. Previously reported methods were used to isolate 

genomic DNA from buccal cells (Freeman et al., 1997; Lench, Stanier, & Williamson, 1988) and 

for assaying the 5-HTTLPR (Pooley, Houston, Hawton, & Harrison, 2003). The primer 

sequences are forward 5’-GCG TTG CCG CTC TGA ATG C-3’ and reverse 5’ GGA CTG AGC 

TGG ACA ACC AC-3’. Genotyping yielded three distinct SNP iterations: S, LA, and LG. As per 

standard convention (Hu et al., 2005; Zalsman et al., 2006), LG was treated as equivalent to S.  

Allelic frequency was in Hardy-Weinberg equilibrium (Pearson chi-square = 1.20, df = 1, p = 

0.27). Participants were subdivided into one of three groups depending on their genotype: 

homozygous long (LL; n=24), heterozygous (SL; n=50), and homozygous short (SS; n=17).  

Eye Tracking Paradigm. Participants completed a passive viewing task consisting of 

simultaneous presentation of four images selected from the Pictures of Facial Affect (Ekman & 

Friesen, 1976). Stimuli were faces from 6 male and 6 female actors. Each stimulus consisted of 

an actor with one of four possible facial expressions: happy, sad, fear, and neutral. Participants 
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viewed four simultaneous images of a single actor displaying all four emotions. Facial 

expressions were randomly assigned to each quadrant with equal frequency. 

Participants underwent 8 critical trials (using happy, sad, fear, or neutral faces) and 4 filler 

trials (using faces from other emotion categories). Each trial began with a central fixation cross, 

followed by a 30 second presentation of the face stimuli. Gaze orientation was assessed using a 

remote optics eye tracking system model R6 from Applied Science Laboratories (Bedford, 

Massachusetts, USA). Coordinates for gaze were sampled every 16.7 milliseconds (60Hz) 

producing 1,796 gaze location measurements for each 30-second trial. Eye movements that were 

stable for more than 100ms within 1° of visual angle were classified as a fixation. In critical 

trials, total duration of fixation periods for each valence was summed. The use of total fixation 

duration as a measure of sustained attention has been employed repeatedly in various domains of 

attention research (e.g. (Green, Williams, & Davidson, 2003; Horley, Williams, Gonsalvez, & 

Gordon, 2004; LaBar, Mesulam, Gitelman, & Weintraub, 2000). Within each valence, total 

fixation duration in pre-deployment trials was subtracted from total fixation duration from post-

deployment trials to yield change in fixation duration, which serves as our dependent measure. 

This task represents one of many ways to operationalize attentional bias. Others, such as the 

dot probe or the emotional Stroop task, require active task involvement and assess sustained 

attention by examining behavioral response time. These tasks can provide precise measurement 

of acute attentional biases and are capable of detecting subtle differences in response time. The 

passive viewing task complements these other reaction time approaches in that it may capture 

more sustained and effortful viewing patterns of participants. Sustained attention for affective 

stimuli has been identified as an important marker of affect regulation (Todd et al., 2012). 

Although the parameters and scale of the tasks differ considerably (passive viewing, for 
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example, is measured in seconds, while dot probe is measured in milliseconds), the use of eye 

tracking methodology also avoids many of the confounds inherent to reaction time data 

(Hermans, Vansteenwegen, & Eelen, 2013). 

Procedure 

Approximately three months prior to deployment, participants underwent a full day of 

assessment at the University of Texas. Following informed consent, participants provided 

demographic information, completed questionnaires, and were interviewed for the presence of 

DSM-IV diagnoses. Study procedures included a number of assessments that are not the focus of 

the current study but are reported elsewhere (Beevers, Lee, Wells, Ellis, & Telch, 2011b; 

Beevers, Marti, Lee, Stote, Ferrell, Hariri, et al., 2011c; Josephs et al., 2012; Telch et al., n.d.; 

Telch, Rosenfield, Lee, & Pai, 2012).  

Eye tracking generally occurred in the early afternoon. Participants were calibrated to the 

device and instructed to look at a fixation cross prior to each trial to standardize starting location. 

Participants were told to view images that seemed interesting, as if they were watching television 

or viewing a photo album.  

Self-report assessments, such as the CEL, PCL, and CES-D, were obtained before, during, 

and after deployment via a web-based system developed by study personnel (H.-J. Lee et al., 

2011a). Upon return from Iraq, participants were invited to return for a post-deployment 

assessment, which followed the same overall procedures as the pre-deployment assessment.  

Statistical analyses 
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The primary analysis examined change in total fixation duration from pre- to post-

deployment within each emotional valence4. Non-parametric robust regression models were used 

to examine the influence of 5-HTTLPR genetic variation and total war zone stress on change in 

fixation duration for emotion stimuli. Non-parametric robust regression was conducted using 

Stata 12 (StataCorp, College Station, TX, USA) and was selected over standard multiple 

regression due to non-normative distribution of residuals resulting from ordinary least squares 

regression. The technique eliminates any observation with Cook’s D greater than 1 and then 

utilizes iterative Huber and biweight estimation to converge on the best model. All results 

presented from robust regression models were consistent with results from standard regression 

techniques. For regression models, the 5-HTTLPR variable was dummy coded to form three 

variables. To explore the influence of genotype, models either used the LL group for comparison 

(i.e. SS vs. LL and SL vs. LL) or used the SL group for comparison (i.e. SS vs. SL). Subsequent 

analyses controlled for each participant’s number of CEL assessments.  

Results 

Clinical symptoms 

Amongst the soldiers included in this sample, post-deployment PTSD symptoms, 

measured using the PCL, were relatively low (range = 17-59, mean = 25.00, SD = 8.67), with an 

average PCL increase of 7.34 (SD = 9.39) from pre- to post-deployment. Two individuals 

exceeded the cutoff for clinically significant PTSD symptoms at post-deployment, compared to 

one at pre-deployment. Post-deployment depression symptoms, measured using the CESD, were 

also low (range = 0-47, mean = 11.41, SD = 9.09), with an average CESD increase of 0.51 (SD = 

                                                
4 Statistical models using post-deployment gaze fixation as dependent variable and baseline gaze 
fixation as covariate were generally consistent with the reported models. 
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8.92) from pre- to post-deployment. A total of 24 individuals exceeded the cutoff for clinically 

significant depression symptoms at post-deployment, compared to 23 at pre-deployment. 

Prediction of Change in Fixation Duration 

 Mean fixation duration within each genotype group, time point, and emotional valence 

can be found in Study 3, Table 2. Two sample mean-comparison t-tests were used to compare 

pre- and post-deployment fixation duration.  There were no significant differences across time 

points for sad stimuli, t(90)=-0.20, p=0.84, fear stimuli, t(90)=-0.63, p=0.53, happy stimuli, 

t(90)=-1.71, p=0.09, and neutral stimuli, t(90)= 0.66, p=0.51. 

 

Study 3, Table 2 Gaze fixation (in seconds) across genotype, time point, and stimuli 

valence Study 3, Table 2 presents the mean and standard deviation for total gaze fixation 

per 30-second trial. Results are broken down to reflect the three genotype variants (LL, 

SL, and SS), the two time points (pre-deployment and post-deployment) and the four 

stimuli valences (fear, sad, happy, and neutral). 

 
 	   Fear	  Stimuli	   Sad	  Stimuli	   Happy	  Stimuli	   Neutral	  Stimuli	  
 Time	   Mean	   SD	   Mean	   SD	   Mean	   SD	   Mean	   SD	  

Homozygous	  
Long	  (LL)	  

Pre	   5.59	   1.65	   5.52	   2.07	   6.05	   2.60	   5.18	   1.44	  
Post	   6.37	   3.10	   5.41	   1.38	   5.12	   1.30	   5.24	   1.64	  

Heterozygous	  
(SL)	  

Pre	   6.77	   3.95	   4.87	   1.84	   7.10	   3.96	   5.56	   2.32	  
Post	   5.85	   2.84	   4.72	   1.83	   6.61	   3.44	   5.82	   2.46	  

Homozygous	  
Short	  (SS)	  

Pre	   4.75	   2.22	   4.61	   1.82	   8.97	   5.10	   5.23	   2.06	  
Post	   5.18	   1.86	   4.96	   2.29	   7.21	   3.55	   5.46	   2.33	  

 

 Main effects. The 5-HTTLPR and war zone stress were used to predict change in total 

fixation duration for each valence category. For war zone stress exposure, there were no 

significant main effects for fear, R2=0.03, F(1, 86)=0.06, p=0.80, or sad stimuli, R2=0.02, F(1, 

86)=0.43, p=0.52. However, war zone stress did significantly predict increased attention towards 
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neutral stimuli, R2=0.06, F(1, 86)=6.22, p=0.01, and decreased attention towards happy stimuli 

R2=0.07, F(1, 86)=7.62, p<0.01. There were no significant main effects for 5-HTTLPR genotype 

across stimulus valences: fear, R2=0.03, F(2, 86)=1.00, p=0.37, sad, R2=0.02, F(2, 86)=0.44, 

p=0.64, happy, R2=0.07, F(2, 86)=1.75, p=0.18, and neutral, R2=0.06, F(2, 86)=0.15, p=0.86.  

5-HTTLPR x war zone stress interaction effects. There was a significant gene-by-

environment interaction for change in total fixation duration for fear stimuli. Specifically, 

increases in war zone stress exposure predicted greater increases in total fixation time for fear 

stimuli at post-deployment in the SS group, but not in the SL or LL groups, R2=0.07, F(2, 

85)=3.65, p=0.03 (Study 3, Figure 1). The influence of war zone stress on attention for fear 

stimuli was significantly greater in the SS group compared to the LL (β=0.18, SE=0.07, t=2.65, 

r=0.28, p=0.01) and SL groups (β=0.15, SE=0.06, t=2.38, r=0.25, p=0.02). Exposure to war zone 

stress leads to increased post-deployment fixation duration for fear stimuli among the SS group 

compared to the LL and SL groups. The association between war zone stress and attention for 

fear stimuli did not differ for the SL and LL groups (β=0.04, SE=0.05, t=0.79, r=0.09, p=0.43). 
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Study 3, Figure 1 – Change in attention towards fear stimuli as a function of war zone stress – 

Study 3, Figure 1 shows the change in total fixation duration for fear stimuli (from pre- to post-

deployment) as a function of number of war zone stressors experienced during deployment. 

Participants are divided based on their 5-HTTLPR genotype – homozygous long allele (LL), 

heterozygous (SL), and homozygous short allele (SS). Whereas the SL and LL groups show no 

relationship between war zone stress exposure and change in fixation for fear stimuli, the SS 

group does show a significant interaction, such that participants exposed to more war zone stress 

generally spent longer attending to fear stimuli. These findings are consistent with the theory that 

the SS group is more susceptible to environmental stressors.   
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The same gene-by-environment interaction was observed for sad stimuli. Specifically, 

increases in war zone stress exposure predicted greater increases in total fixation time for sad 

stimuli at post-deployment in the SS group, but not in the SL or LL groups, R2=0.07, F(2, 

85)=3.42, p=0.04 (Study 3, Figure 2). The influence of war zone stress on attention for sad 

stimuli was greater in the SS group compared to the LL (β=0.12, SE=0.05, t=2.11, r=0.22, 

p=0.04) and SL groups (β=0.13, SE=0.05, t=2.61, r=0.27, p=0.01). As with fear stimuli, the 

interaction between war zone stress and total fixation time for sad stimuli was not significantly 

different between the SL and LL groups (β=-0.01, SE=0.04, t=0.36, r=0.04, p=0.72). These 

findings suggest that total fixation duration for negative stimuli increases as war zone stress 

exposure accumulates in the SS group; however, attention for negative stimuli was relatively 

constant among SL and LL groups regardless of war zone stress exposure.  
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Study 3, Figure 2 - Change in attention towards sad stimuli as a function of war zone stress – 

Study 3, Figure 2 shows the change in total fixation duration for sad stimuli (from pre- to post-

deployment) as a function of number of war zone stressors experienced during deployment. As 

with fear stimuli, the SL and LL groups show no relationship between war zone stress exposure 

and change in fixation for sad stimuli, whereas the SS group does show a significant interaction. 

These findings, in conjunction with the findings regarding fear stimuli, suggest that the impact of 

the SS genotype can be generalized to negatively valenced stimuli, rather than simply fear or sad 

stimuli.    
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In contrast to the findings for negative stimuli, there was no significant gene-by-

environment interaction for change in total fixation duration for happy or neutral stimuli in 

models comparing the SS and LL groups (happy - β=0.09, SE=0.09, t=1.05, r=0.11, p=0.30; 

neutral - β=-0.05, SE=0.07, t=0.68, r=0.07, p=0.50) or models comparing the SS and SL groups 

(happy - β=0.10, SE=0.08, t=1.28, r=0.14, p=0.20; neutral - β=-0.10, SE=0.07, t=1.50, r=0.16, 

p=0.14). Importantly, the gene-by-environment interaction observed for fear and sad stimuli in 

the SS group persisted when controlling for post-deployment PTSD symptoms (SS vs. LL - β=-

0.18, SE=0.07, t=2.56, r=0.27, p=0.01; SS vs. SL - β=-0.15, SE=0.06, t=2.27, r=0.24, p=0.03) 

and depression symptoms (SS vs. LL - β=-0.11, SE=0.05, t=2.08, r=0.22, p=0.04; SS vs. SL - 

β=-0.13, SE=0.05, t=2.59, r=0.27, p=0.01), respectively. From this, we can infer that the 

increased gaze towards negative stimuli is independent of post-deployment PTSD and 

depression, and therefore cannot be accounted for by the presence of clinical symptoms.  

Controlling for CEL assessment frequency. Participants completed an average of 7 CEL 

assessments during the course of their deployment (or approximately one every 57 days) and 

reported an average of 3.10 stressors per assessment (SD = 2.93). Given the variability in number 

of reports obtained from each soldier (mean: 7.09, standard deviation: 5.67), we controlled for 

number of completed CEL assessments as a main effect in the above analyses. However, we also 

examined whether number of completed CEL assessments moderated the interaction between 

genotype and war zone stress. The three way interaction between genotype, total war zone stress, 

and number of CEL assessments was non-significant for change in fixation duration for fear 

stimuli, F(5,79)=0.49, p=0.78, and change in fixation duration for sad stimuli, F(5,79)=0.78, 

p=0.56. These models suggest that the main two-way interaction (5-HTTLPR-by-war zone 

stress) was not influenced by CEL frequency. 
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Discussion 

We examined the interaction between 5-HTTLPR genotype and war zone stress exposure 

as it predicted change in attention for negative stimuli following deployment. We found that the 

impact of war zone stress on attention for emotion stimuli was strongest in short allele 

homozygotes. Specifically, the SS group showed greater increase in post-deployment gaze 

fixation towards negative stimuli (i.e. fearful and sad faces) as exposure to war zone stress 

increased during deployment in Iraq, whereas war zone stress was not linked to the increase of 

attention for any stimuli valence in the SL and LL groups. These findings are consistent with the 

outcome of a recent meta-analysis (Pergamin-Hight et al., 2012), but go further by longitudinally 

demonstrating that the development of a negative attentional bias depends on both 5-HTTLPR 

genotype and exposure to an adverse environment (i.e., war zone stress). 

Biased attention for negative stimuli is uncommon in nonclinical populations compared 

to patients with anxiety and mood disorders (Bar-Haim et al., 2007; B. P. Bradley et al., 1997; 

Bryant & Harvey, 1997; Koster et al., 2005; Mogg et al., 1995; Vythilingam et al., 2007). 

Although it is generally not thought to cause distress, biased attention can be viewed as a 

prodromal marker of future pathology. As such, these findings point to important factors that 

may contribute to the development of this cognitive vulnerability. Consistent with findings in 

other domains (Caspi, Sugden, Moffitt, Taylor, Craig, Harrington, McClay, Mill, Martin, 

Braithwaite, & Poulton, 2003; Mercer et al., 2012; Xie et al., 2009), the influence of significant 

environmental stressors appears to be more pathogenic for the SS group. Based on the role of 

attentional bias in the formation and maintenance of psychopathology (Beevers & Carver, 2003; 

Beevers, Lee, Wells, Ellis, & Telch, 2011b; De Raedt & Koster, 2010; Foa et al., 1989; Ingram 
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et al., 1994), this interaction suggests that the SS group is at increased risk for emotional 

disorders following exposure to war zone stressors.  

These findings are consistent with the diathesis-stress model of cognitive vulnerability, 

suggesting that the SS group is predisposed to respond poorly (e.g. with increased processing of 

negative stimuli) in response to negative environmental factors (e.g. war zone stress). These 

results are also consistent with the differential susceptibility perspective of Belsky and Pluess 

(2009), although it is difficult to support this connection considering that positive environmental 

factors were not measured. There are numerous positive factors associated with military service 

that could be viewed as adaptive or even protective. These include developing strong 

interpersonal relationships, team building, enhanced self-efficacy, and increased physical fitness. 

Further exploration into the influence of positive environmental factors would allow for a fuller 

understanding of how the environment combines with the 5-HTTLPR to enhance risk and 

resilience. 

It may seem surprising that the interaction of 5-HTTLPR genotype and war zone stress 

can predict increased attention for negative stimuli independent of current clinical symptoms. 

The dissociation between attentional bias and clinical symptoms can be interpreted in several 

ways. It could be viewed as a credit to the psychological and social support available to veterans 

returning from deployment. There are a growing number of mental illness prevention treatments 

(Armfield, 1994; Feldner, Monson, & Friedman, 2007), and increased efforts to destigmatize 

psychological care in the armed forces (such as the US Army’s “Real Warriors Campaign”). At-

risk veterans have increased awareness for early signs of PTSD and depression symptoms and 

numerous mental health services available to them, which may prophylactically prevent 

symptom worsening. 
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Alternatively, another possibility is that increased attention for negative stimuli may be a 

residual effect of attention patterns that were adaptive and often used during deployment. In life 

threatening situations, hypervigilance for threat-related stimuli can serve a protective function, 

allowing for quicker threat detection and increased time for decision-making (Grillon et al., 

2009; O. J. Robinson, Letkiewicz, Overstreet, Ernst, & Grillon, 2011). In threatening situations, 

it is attentional avoidance of negative stimuli that could be construed as maladaptive (Bar-Haim 

et al., 2010; Wald et al., 2011). However, characteristics that were adaptive in a war zone setting 

may be maladaptive upon returning from deployment. Since life-threatening situations are rare at 

home, sustained attention for fear-related stimuli is less likely to serve a protective role and more 

likely to increase the salience and awareness of negative elements in the environment. 

Yet another alternative, however, is that the military trauma could manifest clinical 

symptoms that do not immediately follow the occurrence of war zone stress. Research has linked 

war zone trauma with delayed-onset PTSD (Gray, Bolton, & Litz, 2004; Prigerson, Maciejewski, 

& Rosenheck, 2001), and has estimated that 38.2% of all military PTSD cases fail to reach 

diagnostic threshold until six or more months following the trauma, compared to 15.3% in the 

civilian population (Andrews, Brewin, Philpott, & Stewart, 2007). Vulnerability factors may be 

present in soldiers, but lie dormant during periods of relative wellness. This cognitive 

vulnerability indicates that the SS group could be at greater risk of developing full-fledged 

emotional disorders following return from deployment, particularly once mental health services 

are less readily available. However, it will be impossible to test this hypothesis until additional 

prospective, longitudinal research that follows soldiers over time after deployment is completed. 

Although speculative, the disparity between increased attention for negative stimuli and 

psychopathology is likely due to a combination of the previously discussed factors. Bias towards 
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negative stimuli may be advantageous in a combat setting (Bar-Haim et al., 2007; Wald et al., 

2011), and 5-HTTLPR short allele homozygotes may easily develop this bias in the military 

milieu. They may also be slower to develop symptoms of PTSD and MDD due to the 

comprehensive mental health services offered by the military and Veterans Administration. 

Ultimately, the necessity for further research into the prevention and treatment of mental illness 

in returning veterans is clearly important and should be a high priority.  

There are several features of this study design that merit further comment. First, the use 

of eye tracking methodology to directly assess attention for emotion stimuli provides distinct 

advantages compared to indirect measures of attention that rely on behavioral reaction time. 

Second, the prospective design used in this study is more reliably interpreted compared to 

retrospective or cross-sectional approaches. By measuring attention for emotion stimuli before 

and after deployment, we can use temporal precedence to more clearly assess the impact of 

environmental influences. Third, our repeated, in situ use of the CEL allows for a more accurate 

and comprehensive assessment of war zone stress compared to post-deployment, retrospective 

reporting of stressors. In addition to these strengths, small sample size is arguably the most 

important study limitation. Replication with significantly larger samples is clearly warranted. 

These findings represent a key link between genetic factors and potentially detrimental 

consequences of war zone stressor exposure. 5-HTTLPR short allele homozygotes are more 

likely to develop a negative attentional bias with increased war zone stress exposure. Greater 

awareness for negative stimuli, in turn, likely contributes to the development of psychopathology 

at a later date (Beck, 2008; D. A. Clark et al., 1999; Foa et al., 1989; 1991). Thus, the 5-

HTTLPR polymorphism in combination with negative life events, such as war zone stress 

exposure, may give rise to future psychopathology via increased attention for negative stimuli. 
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Additional longitudinal research that tests this possibility is critically important, as it could help 

to better understand factors that prevent the development of debilitating post-deployment 

symptoms. Investigating integrative models that incorporate etiological mechanisms across 

levels of analysis (e.g., genetics, environment, cognition), as in the current study, may facilitate a 

comprehensive understanding of vulnerability to affective psychopathology.  
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Study 4 - Serotonin cumulative genetic score interacts with mood 

reactivity to predict mood-congruent gaze bias.5 

Introduction 

Maladaptive cognitive processes are a common characteristic of affective 

psychopathologies, including Major Depressive Disorder (MDD) (Beck, 1967; 1987). The 

failure to properly allocate cognitive resources has been linked to dysregulated experience of 

emotion, and has been identified as putative risk factor for the onset and maintenance of mood 

disorders (Gotlib & Joormann, 2010; Gross, 2001). Specifically, attention biased towards mood-

congruent stimuli has been consistently observed in depressed individuals relative to healthy 

controls (Koster et al., 2005). Sustained attention for negative, mood-congruent stimuli is 

believed to contribute to depression by increasing the emotional impact of negative information 

in the environment and thereby exacerbating the effects of stressful life events (Beck, 1967; D. A. 

Clark et al., 1999). Furthermore, attention biased towards mood-congruent stimuli is thought to 

detract from more adaptive cognitive mechanisms, such as cognitive reappraisal and the 

integration of contextual information (Beck, 2008; D. A. Clark et al., 1999).  

Increased attentional bias has been observed following negative environmental 

experiences (Bar-Haim et al., 2010; Disner et al., 2011), and is believed to be an intermediary 

endophenotype linking life stress to mental illness (Beevers & Carver, 2003; De Raedt & Koster, 

2010). In a laboratory environment, negative environmental factors can be manipulated in a 

controlled fashion by inducing a sad mood state in research participants. Sad mood inductions 

                                                
5 Study 4 appears in Cognitive, Affective, and Behavioral Neuroscience  - Disner, S. G., 
McGeary, J. E., Wells, T. T., Ellis, A. J., & Beevers, C. G. (2014). 5-HTTLPR, HTR1A, and 
HTR2A cumulative genetic score interacts with mood reactivity to predict mood-congruent gaze 
bias. Cognitive, Affective, & Behavioral Neuroscience, 1–12. doi:10.3758/s13415-014-0267-x 
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increase negative affect and serve as a laboratory analog for an individual’s reactivity to external 

stressors that create sad mood (Blaney, 1986; Segal et al., 1999).  

Importantly, individuals who are more reactive to environmental stressors and display 

stronger cognitive biases following mood provocation, often referred to as cognitive reactivity, 

are considered particularly vulnerable to the onset or recurrence of affective disorders such as 

MDD (De Raedt & Koster, 2010; Pine et al., 2005; Scher et al., 2005; Segal et al., 2006). 

Understanding the factors that influence cognitive reactivity to sad moods is critical for better 

understanding the etiology of cognitive vulnerability to depression.  

One such etiologic factor is the expression of the monoamine neurotransmitter serotonin 

(5-hydroxytryptamine). Significant research has linked serotonin with behaviors associated with 

affective psychopathology, including cognition and emotion. Abnormal serotonin function has 

been observed in mood and anxiety disorders (Owens & Nemeroff, 1994), and numerous 

antidepressant medications act primarily on the serotonin system (Ballenger, 1999). 

Corticolimbic circuits that mediate emotional behavior are densely innervated by serotonin 

neurons and receptors (H. R. Smith, Daunais, Nader, & Porrino, 1999). As a result, factors 

influencing serotonin have been frequently associated with emotion dysregulation (Canli & 

Lesch, 2007; Cools, Roberts, & Robbins, 2008; Gutknecht et al., 2007; Hariri & Holmes, 2006). 

There are several noteworthy genetic variants that moderate the serotonergic system. The 

serotonin transporter protein (5-HTT) is primarily responsible for clearing serotonin from the 

synaptic cleft, and thus has a significant impact on serotonergic tone. 5-HTT is encoded by the 

SLC6A4 gene, the expression of which is modulated by key variations in the SLC6A4-linked 

polymorphic region (5-HTTLPR) (Heils et al., 1996). The 5-HTTLPR polymorphic region has 

two common variants: the long (L) and short (S) allele. The long allele can be further categorized 
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into LA and LG variants, with LG treated as an approximate functional equivalent to S (Hu et al., 

2005; Zalsman et al., 2006). Carriers of the S or LG variants of the 5-HTTLPR gene have 

demonstrated various cognitive and physiological characteristics consistent with maladaptive 

emotional processing (Canli & Lesch, 2007; Hariri & Holmes, 2006), including attentional bias 

towards emotion stimuli (Beevers, Wells, Ellis, & McGeary, 2009b; Fox et al., 2009; Pergamin-

Hight et al., 2012), amygdalar hyperactivity during processing of emotional faces (Dannlowski, 

Ohrmann, Bauer, Deckert, et al., 2007a; Hariri et al., 2002; Munafò, Brown, & Hariri, 2008), and 

greater depressive symptoms following life stress (Caspi, Sugden, Moffitt, Taylor, Craig, 

Harrington, McClay, Mill, Martin, Braithwaite, & Poulton, 2003). 

However, the interaction between 5-HTTLPR genotype and life stress has been subject to 

debate in recent years, with several meta-analyses providing conflicting perspectives. Two 

prominent meta-analyses showed no significant association between 5-HTTLPR and 

responsivity to life stress (Munafò, Durrant, Lewis, & Flint, 2009; Risch et al., 2009), while 

subsequent meta-analyses have refuted the null findings (Karg et al., 2011). This controversy 

underscores the challenge associated with gene-by-environment interactions, particularly when 

targeting single polymorphisms. Modeling cumulative genetic influences on serotonin may be a 

more robust technique for identifying gene-by-environment interactions.  

A cumulative genetic score (CGS) combines the risk conferred by two or more 

polymorphisms into a single score that can be used to describe cumulative risk. A serotonergic 

CGS can be defined by identifying alleles associated with altered serotonergic function across 

several candidate genes. The total number of putative risk alleles is then used to form the CGS. 

This technique has been used for diverse purposes, including modeling dopamine functioning 
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(Nikolova, Ferrell, Manuck, & Hariri, 2011), assessing risk for type 2 diabetes (Meigs et al., 

2008), and predicting cardiovascular disease in women (Paynter et al., 2010).  

For the current study, we started with six putatively functional polymorphisms associated 

with alterations in serotonergic functioning or phenotypes thought to be impacted by 

serotonergic functioning. The six polymorphisms included in this analysis have been chosen 

from three stages of serotonin expression: synthesis, binding, and reuptake. Two single 

nucleotide polymorphisms (SNPs) that code for tryptophan hydroxylase 2 (TPH2) were 

included: rs7305115 and rs1386494. TPH2 is the rate-limiting enzyme that facilitates the 

catalysis of tryptophan, which is a necessary step for serotonin synthesis. The G allele of 

rs7305115 has been linked with susceptibility for MDD amongst women (Shen et al., 2011), and 

has also been associated with increased risk for suicide amongst individuals with MDD (Y. 

Zhang et al., 2010). Carriers of the G allele of rs1386494 with MDD showed less clinical 

improvement following electroconvulsive therapy (Anttila et al., 2009).  

Two SNPs, one in HTR1A (rs6295) and the other in HTR2A (rs6311) were included to 

capture genetic influences on serotonin receptor function. These SNPs are in the genes that code 

for 5-HTR1a (an inhibitory receptor) and 5-HTR2a (an excitatory receptor) respectively, and 

moderate neurotransmission associated with these receptors. The C allele of rs6295 has been 

associated with greater amygdala reactivity (Fakra et al., 2009) and increased risk for MDD 

amongst Asian populations (Kishi et al., 2009).  The C allele of rs6311 has been linked to greater 

angry, aggressive, and suicidal behaviors (Du, Bakish, Lapierre, Ravindran, & Hrdina, 2000; 

Giegling, Hartmann, Möller, & Rujescu, 2006).  

As was previously discussed, 5-HTT is a protein that regulates reuptake efficiency by 

transporting serotonin back into the presynaptic neuron. In addition to 5-HTTLPR, this study 
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also included the variable number of tandem repeats polymorphism in intron 2 of the 5-HTT 

gene (rs57098334; STin). The 10 repeat variant of STin appears to be more common in MDD 

than healthy controls, and has been linked with several cognitive dysfunctions associated with 

depression (Sarosi et al., 2008). 

Although the aforementioned research has linked these individual polymorphisms to 

maladaptive cognitive and affective processes, there have also been null findings published that 

refute these connections (Angles, Ocaña, Medellín, & Tovilla-Zárate, 2012; Chipman, Jorm, Tan, 

& Easteal, 2010; Gao et al., 2012; Illi et al., 2009; Tencomnao, Thongrakard, Phuchana, 

Sritharathikhun, & Suttirat, 2010). However, many of these polymorphisms have been explored 

jointly with other polymorphisms to better conceptualize genetic influences on behavior. 

Research involving these polymorphisms has identified cumulative genetic influence on a broad 

spectrum of areas, including stress-related information processing (Mekli et al., 2011), response 

to childhood trauma (Xu et al., 2012), and antidepressant treatment response in MDD (Eugene 

Lin et al., 2009; Viikki et al., 2011). The success of these multilocus techniques reaffirms the 

promise of the CGS approach. 

Considering that the relationship between mood reactivity and attentional bias has been 

closely associated with serotonergic function, the present study sets out to identify serotonin-

related genetic factors that could moderate this critical interaction. Using sad mood induction as 

a proxy for environmental influences in healthy individuals, we will observe the relationship 

between genetic variation, mood reactivity, and attentional bias for mood-congruent stimuli.  

We first examined whether each individual polymorphism interacts with mood reactivity 

to predict change in attentional bias. The most promising genotypes were then combined into a 

CGS to determine whether this multilocus approach provided greater explanatory power than a 
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single polymorphism approach. Importantly, when constructing the CGS, we did not include 

polymorphisms located within the same gene in an effort to minimize redundant information 

from variants in linkage disequilibrium (LD) (Reich et al., 2001). We hypothesized that 

individuals at greater genetic risk (i.e., higher CGS) will spend more time attending to negative 

stimuli and less time attending to positive stimuli as a function of their mood reactivity. That is, 

those at highest genetic risk who experience a strong increase in negative mood should also 

display the strongest mood congruent attentional bias. This approach would advance our 

understanding of the relationship between serotonin, affect, and cognitive vulnerability to 

depression while adding to the literature advocating for broader, multilocus approaches to 

genomic research. 

Methods 

Participants 

Participants were selected from a sample of 224 adults from the Austin community with 

no current or past history of major depressive disorder, as determined using the Structured 

Clinical Interview for DSM-IV Diagnoses, Research Version (SCID; First et al 2002). Because 

we wanted a homogenous group of healthy control participants, we also excluded individuals 

who had received psychiatric treatment. From the full sample, 27 were excluded for history of 

psychotherapy, 7 were excluded for current or past antidepressant medication use, and 3 

withdrew from the study. We were unable to genotype at least one polymorphism for 17 

subjects, leaving 170 for inclusion in the CGS.  The 170 eligible participants (age: mean= 28.32, 

SD= 8.24; 61% female), were 54% Caucasian, 21% Asian, 8% African American, 6% mixed 

race, 1% American Indian, and 1% Hawaiian/Pacific Islander, with 9% not endorsing an 

ethnicity. All genetic association studies that recruit participants from more than one racial or 
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ethnic category are at possible risk of population stratification. To address this concern, we 

replicated all of the models presented below in a sub-sample made up entirely of Caucasian 

participants. In addition, controlling for race did not alter the outcomes of any of the models. As 

such, the impact of race on the present findings will not be discussed further. 

Genetic sample  

      Genomic DNA was isolated from buccal cells and saliva using a modification of 

published methods (Freeman et al., 1997; Lench et al., 1988; Meulenbelt, Droog, Trommelen, 

Boomsma, & Slagboom, 1995; Spitz et al., 1996). The cheeks and gums were rubbed for 20 s 

with three sterile, cotton-tipped wooden swabs. The swabs were placed in a 50- ml capped 

polypropylene tube containing lysis buffer (500 µl of 1 MTris–HCl; pH 8.0; 500 µl of 10% 

sodium docecyl sulfate; and 100 µl of 5 M sodium chloride). The participants then rinsed out the 

mouth vigorously with 10 ml of distilled water for 20 s and this was added to the 50-ml tube. 

Samples were stored at 4 °C until the DNA was extracted.  

      SNPs were genotyped using Taqman assays: (rs7305115) with C__8376164_10, 

(rs1386494) with C_ _8872341_10, HTR1A (rs6295) with C_ _11904666_10, HTR2 (rs3125) 

with C_ _ 11696922_10 (all from Applied Biosystems) using an ABI 7300 Real time PCR 

system. 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, LA, and LG fragments, the PCR 

fragment was digested with MspI by methods described in Wigg et al (Wigg et al., 2006). 

Consistent with standard convention, the LG fragment was treated as equivalent to S in all 

subsequent analyses (Hu et al., 2005; Zalsman et al., 2006). The Stin polymorphism was assayed 
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using methods described in Bah et al. (Bah et al., 2008).  The primer sequences were: 

forward, 5′-GTCAGTATCACAGGCTGCGAG-3′, and reverse, 5′-

TGTTCCTAGTCTTACGCCAGTG-3′.  The 17 bp repetitive element of the STin2 

polymorphism was measured as 7 to 12 copies of the repeat, 214bp (7), 248bp (9), 265bp (10) or 

299bp  (12) respectively. The genotypes were coded as to the number of copies of the 10-repeat 

allele. All samples were run on an Applied Biosystems 3130XL (Applied Biosystems, Grand 

Island, NY, USA). Allele sizes are scored by two investigators independently and inconsistencies 

were reviewed and rerun when necessary. 

Profile of Mood States (POMS) 

Sad mood was measured using four descriptors taken from the POMS (McNair, Lorr, & 

Droppleman, 1992). These descriptors included items with the best factor loadings for the 

depression mood scale: “sad”, “worthless”, “blue”, and “hopeless”. Participants used a 5-point 

Likert scale to determine how well each descriptor could be used to describe their current mood 

(ranging from “0 = not at all” to “4 = very much”). These values were summed to yield an index 

of sad mood at each time point. The current study used POMS data collected before and 

immediately after the sad mood induction. Mood reactivity was operationalized as the difference 

in sad mood across the two time points (i.e. the change in mood as a function of the sad mood 

induction). 

Sad mood induction 

Participants were randomized to undergo a sad mood induction using either a film clip or a 

combination of sad music and autobiographical memories. The film induction was a brief, 

standardized clip that has been shown to specifically elicit mild and transient sadness (Gross & 

Levenson, 1995). The clip is a 170 second long scene from the film The Champ, in which a 
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young boy learns that his father has died following a severe beating in a boxing match. The clip 

was presented digitally on a 20-inch LCD computer monitor. For the music/memory induction, 

participants were asked to imagine a time in their life when they were very sad, while 

simultaneously listening to Samuel Barber’s Adagio for Strings through headphones. This 

technique has also been shown to elicit mild and transient sadness (Van der Does, 2002). 

Multiple sad mood induction techniques were used to ensure that any effects were the result of 

sad mood, and not simply a response to specific induction procedures. For participants whose 

mood did not return to baseline levels after study participation, a positive mood induction was 

administered. All participants were offered the opportunity to speak with a doctoral level 

clinician following the positive mood induction, and community treatment referrals were made 

available to all participants. 

 Passive Viewing / Eye tracking paradigm 

 Before and after the sad mood induction, participants completed a passive viewing 

paradigm using images selected from the International Affective Picture System (IAPS; (P. J. 

Lang, Bradley, & Cuthbert, 2005). The IAPS consists of well standardized pictures that are 

frequently used for research on psychopathology. IAPS pictures are systematically rated for 

valence, and are given a score ranging from 1 (unpleasant) to 9 (pleasant). Forty eight images 

were divided equally into four emotion categories: dysphoric, threat, positive, and neutral6. 

                                                
6 The following IAPS images were used: dysphoric – 2141, 2205, 2276, 2455, 
2700, 2703, 2799, 2900, 3230, 9220, 9421, and 9530; threat – 1120, 1300, 2811, 
3500, 6260, 6312, 6313, 6350, 6510, 6560, 6562, and 6821; positive – 1340, 2091, 
2165, 2208, 2224, 2299, 2339, 2340, 2501, 4599, 4700, and 8461; neutral – 2038, 
2102, 2393, 2397, 2745, 2850, 5500, 5731, 7009, 7041, 7080, and 7185; 
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Positive images were rated from 6 to 8, neutral images were rated approximately 5, and 

dysphoric and threat images were rated from 2 to 4.  

In order to differentiate dysphoric from threat images, a pilot study was conducted using 

90 undergraduate students at the University of Texas at Austin. Participants were presented with 

one of the 24 images previously identified as dysphoric or threat in random order and were asked 

to rate how “sad” and how “threatening” each image was. As expected, the dysphoric images 

were rated as significantly more sad than threat images, t(89)=13.4, p<0.001, and the threat 

images were rated as significantly more threatening than the dysphoric images, t(89)=-21.6, 

p<0.001.   

Four IAPS images (one from each category) were displayed simultaneously in four 

quadrants of a 20 inch LCD computer monitor (see Figure 1). Emotion valences were randomly 

assigned to each quadrant with equal frequency. Gaze location and duration was assessed using a 

remote optics eye tracking system model R6 from Applied Science Laboratories (Bedford, 

Massachusetts, USA). Gaze coordinates were sampled every 16.7 milliseconds (60Hz), 

producing 1,796 gaze location measurements for each 30-second trial. Fixations were defined as 

any period of 100ms or longer where eye movements were stable within 1° of visual angle. Total 

duration of fixation periods was summed for each valence. Total fixation duration has been 

reliably used to assess sustained attention (e.g.  (Disner et al., 2013; Green et al., 2003; Horley et 

al., 2004)). 
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Study 4, Figure 1- An example of the stimuli used in a trial of the passive viewing task. Images 

reflect (clockwise from top right) positive, threat, dysphoric, and neutral emotion categories. The 

images are overlaid with a heat map reflecting total gaze fixation across a single trial, collected 

using eye tracking technology. Warmer colors in the heat map reflect locations of greater 

sustained attention across the trial. Note: the images displayed here are similar to those used in 

the study, but were not selected from the IAPS library due to copyright restrictions. 
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 The use of eye tracking to assess attentional bias provides several advantages over 

alternative attention measurements that rely on reaction time or self-report. Eye tracking using 

the passive viewing task captures more sustained and effortful viewing patterns without relying 

on behavioral response time, which can be influenced by factors besides attention (Hermans et 

al., 2013). Sustained attention for affective stimuli has been identified as an important marker of 

emotion regulation (Todd et al., 2012), suggesting that eye tracking with the passive viewing 

task would be a natural choice to assess the influences of the sad mood induction. 

Procedures 

 Eligible participants underwent all study procedures at the Mood Disorders Laboratory 

located at the University of Texas at Austin. After providing informed consent, participants 

completed the baseline assessment, which included collection of the genetic sample, the POMS, 

and the passive viewing eye tracking task. Participants were than randomized to either the film or 

music sad mood induction, which was immediately followed by completing the POMS and the 

passive viewing task for the second time.   

Statistical analysis 

Statistical analyses were conducted using Stata 12 (StataCorp, College Station, TX, 

USA). Analyses were broken down into two phases. The first phase modeled each of the six 

serotonin-related polymorphisms in separate analyses using a Bonferroni correction, a 

conservative approach to accounting for multiple comparisons. The second phase examined the 

influence of the serotonin CGS. For all analyses, the dependent variable was total fixation 

duration following mood induction and covariates were total fixation duration prior to mood 

induction and type of mood induction. Independent variables were stimulus emotion (sad, 

positive, threat, and neutral), mood reactivity (i.e. change in POMS score following sad mood 
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induction), and genetic influence. The main analyses used mixed effects regression (with random 

intercepts) to explore the three-way interaction between genetic influence (i.e., genotype group 

or CGS), mood reactivity, and stimuli valence (i.e. positive, negative, threat, or neutral).  

Statistically significant three-way interactions were followed-up using non-parametric 

robust regression techniques to observe the two-way interaction of gene influence on mood 

reactivity across each of the four emotion valences. Robust regression was used to better account 

for highly influential participants. This technique eliminates any observation with Cook’s D 

greater than 1 and then utilizes iterative Huber and biweight estimation to converge on the best 

model. 

Results 

Mood induction 

 Participants were randomized to undergo a sad mood induction using either a short film 

clip or a combination of sad music and autobiographical memory prompt. Overall, participants’ 

POMS scores increased by 1.65 points (SD = 1.96) following sad mood induction, representing a 

36% increase in sad mood. For the participants who watched the short film clip, POMS scores 

increased by an average of 1.31 points (SD = 1.69), or 29.8% versus 1.99 points (SD = 2.15), or 

41.6%, for participants who completed the sad music and autobiographical memory induction. 

Because the sad music and autobiographical memory prompt was significantly more effective at 

increasing sad mood than the short film clip, t(168) = -2.28, p=0.01, all subsequent analyses 

controlled for the type of mood induction.  

Gaze fixation for emotion stimuli 

Individual polymorphisms 
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Six separate mixed effects regression models were conducted. Each model estimated the 

relationship between mood reactivity, emotion valence, and one of the individual variants 

associated with serotonin. All analyses used a Bonferonni correction to determine significance 

level (i.e., α = .05/6 = .008) to account for multiple tests across the six SNPs. The model 

including the HTR2A polymorphism showed a marginal three-way interaction between mood 

reactivity, emotion valence, and genotype, F(3, 171) = 7.95, p = 0.047, Bonferroni-corrected p = 

0.330. None of the other three-way interactions approached statistical significance (See Study 4, 

Table 1). 
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Study 4, Table 1 – The three-way interaction between mood reactivity, emotion category, and 

each of the individual SNPs is listed below. Individual SNP models were Bonferroni corrected to 

account for multiple comparisons. None of the six corrected models reached statistical 

significance, though the HTR2A came closest. However, the serotonin CGS, which combines the 

genetic influence of 5-HTTLPR, HTR1A, and HTR2A, yielded a statistically significant three-

way interaction (see Study 4, Figure 2). 

 
Role in 

Serotonin 
system 

Genotype rs df F Uncorrected p Bonferroni Corrected p 

Synthesis 
TPH2 rs7305115 3, 170 0.48 0.6969 >0.99 

TPH2 rs1386494 3, 169 0.08 0.9715 >0.99 

Binding 
HTR1A rs6295 3, 169 1.44 0.2293 >0.99 

HTR2A rs6311 3, 167 2.65 0.0471 0.3297 

Reuptake 
5-

HTTLPR 
- 3, 171 1.45 0.2252 >0.99 

STin2 rs57098334 3, 167 1.14 0.3332 >0.99 

 Serotonin 
CGS - 3, 166 5.60 0.0008 0.0056 

 
 

  



 108 

CGS 
 Based on the marginal three-way interaction, the C allele of rs6311 in the HTR2A gene 

was included in the CGS. Although not statistically significant, the S allele of the 5-HTTLPR 

variant and the C allele of rs6295 in the HTR1A gene had the second and third strongest three-

way interactions, respectively (see Study 4, Table 1). The combination of individual variant 

models and existing research suggests that 5-HTTLPR, HTR1A (rs6295), and HTR2A (rs6311) 

would likely comprise the CGS with the strongest predictive ability. The number of risk alleles 

based on this CGS were normally distributed (Shapiro-Wilk W > 0.99) and are distributed as 

follows: 1 risk allele (N=1), 2 risk alleles (N=22), 3 risk alleles (N=40), 4 risk alleles (N=58), 5 

risk alleles (N=36), and 6 risk alleles (N=13) (see Study 4, Table 2 for CGS construction, 

including references pertaining to direction of risk).  

 

Study 4, Table 2 – The CGS was calculated by counting risk alleles from the 5-HTTLPR, 

HTR1A, and HTR2A polymorphisms. The alleles used to code for genetic risk, along with 

examples of the literature used to justify the risk designation, is presented below. 

Genotype Score = 2 Score = 1 Score = 0 References 

5-HTTLPR S/S S/L L/L (20;	  33;	  36) 
HTR1A (rs6295) C/C C/G G/G (82;	  83) 
HTR2A (rs6311) C/C C/T T/T (45;	  46) 

 

The mixed effect regression model estimating the three way interaction between mood 

reactivity, emotion valence, and CGS was significant, F(3, 175) = 5.60, p = 0.0008, Bonferroni-

corrected p = 0.0064. Non-parametric robust regression models were used to examine the 

interaction between CGS and mood reactivity across each valence. The CGS by mood reactivity 

interaction was significant for dysphoric stimuli, β = 0.174, SE = 0.064, F(1, 164) = 7.33, p = 
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0.0075, Bonferroni-corrected p = 0.03. For positive stimuli, the effect was inverted but also 

significant, β = -0.188, SE = 0.074, F(1, 164) = 6.49, p = 0.0118, Bonferroni-corrected p = 0.047. 

These models indicate that individuals with higher CGS who were more reactive to mood 

induction spent more time gazing at sad stimuli and less time gazing at happy stimuli compared 

to similarly reactive individuals with lower CGS. There was no CGS by mood reactivity 

interaction for either neutral stimuli (p = 0.201) or threat stimuli (p = 0.773) (see Figure 2), 

suggesting that genetic variation was not associated with attention for these stimuli. 
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Study 4, Figure 2 - The three-way interaction of serotonin CGS by mood reactivity by emotion 

category is broken down into four two-way interactions for each emotion valence. There was a 

significant interaction such that individuals with higher CGS who experience greater mood 

reactivity spent more time fixating on dysphoric images (Bonferroni corrected p = 0.03) and less 

time fixating on positive images (Bonferroni corrected p = 0.047). There was no such gene by 

environment interaction for neutral or threat images.  
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The robust regression models including the CGS explained a greater percentage of the 

variance towards dysphoric and positive images compared to the same models using individual 

gene variants. The model including CGS explained 36.0% of the variance for attention to 

dysphoric stimuli, which was 2.6% more variance explained than the model using 5-HTTLPR, 

1.3% greater than rs6295, and 1.6% greater than rs6311. The model including CGS explained 

37.1% of the variance for attention to positive stimuli, which was 1.7% more variance explained 

than the model using 5-HTTLPR, 1.7% greater than rs6295, and 1.6% greater than rs6311. 

Discussion 

 This study uses a cumulative genetic approach to expand on the biological underpinnings 

of cognitive vulnerability for depression. In particular, the serotonergic system has been well 

researched and linked to sensitivity to the environment and cognitive biases (Canli & Lesch, 

2007; Cools et al., 2008; Hariri & Holmes, 2006; Owens & Nemeroff, 1994). The cumulative 

genetic approach allows us to expand on that literature by identifying a multilocus genetic profile 

that putatively influences serotonin signaling. With guidance from individual gene analyses and 

existing literature in the field, we developed a CGS comprised of putative functional 

polymorphisms in SLC6A4, HTR1A, and HTR2A that models the cumulative genetic influence on 

attention bias as a function of mood reactivity. Healthy individuals with a higher CGS (reflecting 

a greater number of risk alleles) spent more time attending to dysphoric images and less time 

looking at positive images following an environmental manipulation that induced a sad mood. 

Specifically, individuals at highest genetic risk induced into a sad mood were especially likely to 

display a sustained attentional bias for mood congruent stimuli and not attend to positive stimuli.  

This finding is among the first to identify a gene-by-environment interaction using CGS 

rather than individual candidate genes. These three polymorphisms combine to serve as a 
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putative diathesis, jointly interacting with reactivity to a sad mood induction to predict mood-

congruent attentional bias, a key endophenotype for the development of mood disorders. 

Importantly, this effect was observed in healthy controls without any history of depression or 

psychiatric treatment, a fairly restrictive sample. This suggests that the observed CGS-by-

environment interaction likely precedes the development of a mood disorder, rather than 

stemming from one, reinforcing its putative role as a cognitive risk factor.  

The current findings support the growing literature in favor of multilocus approaches in 

behavioral and psychiatric genetics. The CGS approach yielded a statistically significant 

interaction, whereas none of the individual polymorphisms approached significance following 

correction for multiple comparisons. In addition, CGS models accounted for 1.3 – 2.6% more 

variance than individual variants alone (a comparatively large difference in genomic research). 

Even a relatively simple CGS, such as the one presented here, can account for some of the 

background genetic influence that may have contributed to inconsistent findings in individual 

gene analyses. Indeed, new techniques utilizing a polygenic approach for estimating genetic 

influence on phenotypes are emerging and could be utilized in future research (A. J. Holmes et 

al., 2012; Purcell et al., 2009). Similar to work currently underway in the field of alcohol 

dependence, this finding could serve as a springboard for more a comprehensive, systems-level 

biological approach to modeling cognitive vulnerability, as is called for by the Research Domain 

Criteria (RDoC) of the National Institute of Mental Health (Insel et al., 2010). 

Individuals with a greater serotonin CGS appear to have an attentional system that is 

more easily influenced by the environment. This is consistent with prior work, which has found 

that serotonergic genetic variation is associated with environmental sensitivity. Specifically, 5-

HTTLPR and HTR2A (rs6311) have been previously linked with the differential susceptibility 
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hypothesis, which posits that genetic factors moderate the extent that an individual is influenced 

by his environment (Belsky & Pluess, 2009). The link between higher CGS and increased 

environmental influence on attention is consistent with existing examples of differential 

susceptibility, such as individual differences in response to attention bias modification associated 

with 5-HTTLPR (Fox et al., 2011).  

To further examine the association between the serotonin CGS and differential 

susceptibility, future research could induce positive mood to see if the opposite results are 

observed (i.e. increased attention for positive stimuli and decreased attention for negative 

stimuli). Doing so would more clearly establish the serotonin CGS as an attentional plasticity 

factor, reflecting an individual’s responsiveness to environmental influences. Identifying factors 

that predict greater response to positive influences, such as psychotherapy, is a useful and 

growing area of research (Beevers & McGeary, 2012; Eley et al., 2012; Pluess & Belsky, 2013). 

Modeling serotonin influence using a similar CGS approach could add to this field, and may help 

to identify potential biomarkers to predict improved outcomes from positive environmental 

interventions. 

 Relatively small sample size is arguably the most important study limitation. Replication 

of these findings with a significantly larger sample size is clearly warranted. In addition, the 

choice of SNPs to include in the CGS was based in part on analyses run on the same sample that 

was used for the final CGS analysis. While this approach could potentially raise concerns about 

circularity, we attempted to address this risk by choosing a select group of theoretically 

important polymorphisms to include in the single variant and CGS analyses. By selecting 

individual polymorphisms based on individual analyses and a priori knowledge, we can 

construct a CGS with more robust support than one that relies on existing literature or statistical 
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outcomes alone. However, in a study with a larger sample, it would be advisable to use a sub-

sample of randomly selected participants to run the individual polymorphism analyses, before 

running the CGS model on the remaining participants.  

In addition, the CGS approach is based on the assumption that all included variants 

interact equivalently with the environment, which is unlikely to be true. The CGS can help us 

understand the simplistic cumulative effect of genetic influence, but likely fails to capture the 

differential gene-by-environment interactions conferred by individual polymorphisms. Future 

research using distinct samples would benefit from developing a weighted CGS, where the 

weights assigned to each variant used in the CGS are determined by the first sample (Purcell et 

al., 2009). This technique is likely to be more sensitive than the current approach. However, 

obtaining two large samples for phenotypes that are time intensive and difficult to obtain, such as 

eye-tracking or neuroimaging, requires substantial resources and often multi-site collaborations. 

Nevertheless, this is an important future direction for this area of research.  

The predictive ability of the multilocus CGS comprised of 5-HTTLPR, HTR1A (rs6295), 

and HTR2A (rs6311) will hopefully foster future attempts to identify cumulative genetic factors 

underlying cognitive vulnerability to depression. In addition to serotonin, MDD has been linked 

with abnormal expression of numerous neurotransmitters, including dopamine and 

norepinephrine (Nutt, 2008), suggesting that there may be many genes, or combinations of 

genes, that confer cognitive vulnerability. Still, the identification of three serotonergic 

polymorphisms that together can be used to assess vulnerability for maladaptive cognition in 

healthy participants is a critical step forward in the literature. By identifying biological factors 

that exacerbate the effects of the environment, we can facilitate a better understanding of the 

factors that contribute to the onset and maintenance of MDD. 
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Study 5 - Transcranial laser stimulation enhances the clinical impact of 

attention bias modification in adults with elevated depression symptoms7 

Introduction 

Depressed individuals experience biased cognitive processes that are theorized to 

facilitate the onset and maintenance of their symptoms (Beck, 1987). Biased attention towards 

depression-relevant stimuli has been observed in depressed individuals (Gotlib et al., 2004) and 

has been linked with vulnerability for clinical worsening (Beevers & Carver, 2003; Ingram et al., 

1998; McCabe et al., 2000). In recent years, a growing number of techniques have set out to 

ameliorate negative cognitive biases with the goal of decreasing depression symptomatology.  

One technique designed to decrease selective attention for dysphoric stimuli is known as 

attention bias modification (ABM). ABM uses a conditioning approach to shifting biased 

cognition in favor of more adaptive patterns of attention (Koster, Fox, & MacLeod, 2009b). 

ABM is typically based on a dot-probe task, wherein pairs of stimuli (usually negatively 

valenced and neutral stimuli) are presented side-by-side and then followed by a target probe that 

appears in the location of one of the previously presented stimuli. In a standard attention bias 

assessment, the target probe would appear with equal frequency in one of the locations of the 

previously presented stimuli. However, in ABM the probe appears most often (85–100% of the 

time) behind the adaptive (e.g., neutral) stimuli. Over time, participants should attend to the 

favored stimuli, leading to a shifting of attention bias. By decreasing maladaptive attention, 

ABM is theorized to decrease the cognitive and affective symptoms associated with depression 

(MacLeod et al., 2002). 

                                                
7 Study 5 is currently under review 
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ABM has been shown to decrease symptoms of anxiety by decreasing sustained attention 

for threatening stimuli (Amir, Bomyea, & Beard, 2010; Amir, Weber, Beard, Bomyea, & Taylor, 

2008; Hallion & Ruscio, 2011). In depression, however, the results are less consistent. Previous 

research using ABM in individuals with mild to moderate depression showed a greater decrease 

in symptoms compared to those who received no training (Baert et al., 2010; T. T. Wells & 

Beevers, 2010; W. Yang et al., 2014). Additionally, ABM resulted in a decreased risk for 

increased symptoms amongst previously depressed individuals (Browning et al., 2012). 

However, meta-analyses quantifying the influence of ABM on depression have shown variable 

results and small effect sizes (Hallion & Ruscio, 2011; Mogoaşe et al., 2014). Considering the 

strong theoretical and empirical support linking attention biases to depression, there is a 

compelling rationale to augment ABM in order to improve its potential efficacy.  

Neuroenhancement is a field that utilizes neuroscience-based techniques to improve 

cognitive capabilities (V. P. Clark & Parasuraman, 2013). Using pharmacological or 

neuromodulatory interventions to alter properties of the brain, this technique aims to directly 

influence the systems involved in cognition either through the activation of adaptive processes or 

the inhibition of maladaptive ones. Though it is commonly used in healthy individuals (Luber & 

Lisanby, 2013; Normann, Nissen, & Frase, 2012), neuroenhancement offers considerable 

promise as an adjunctive clinical intervention, particularly when cognitive systems are 

implicated in the etiology of the disorder (V. P. Clark & Parasuraman, 2013; Normann et al., 

2012). For example, transcranial magnetic stimulation (TMS) and transcranial direct current 

stimulation (tDCS), which can individually improve cognition in healthy individuals (Coffman, 

Clark, & Parasuraman, 2014; Luber & Lisanby, 2013), have yielded significant benefits as part 

of cognitive neurorehabilitation protocols (Miniussi et al., 2008). Additionally, medications 
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associated with cognitive enhancement have been shown to augment the effectiveness of 

exposure-based interventions for anxiety, including d-cycloserine (Hofmann et al., 2006; 

Norberg, Krystal, & Tolin, 2008; Normann et al., 2012; Ressler et al., 2004; Smits, Rosenfield, 

Otto, Marques, et al., 2013a), yohimbine (Powers, Smits, Otto, Sanders, & Emmelkamp, 2009; 

Smits et al., 2014) and methylene blue (Gonzalez-Lima & Bruchey, 2004; Rojas, Bruchey, & 

Gonzalez-Lima, 2012b; Telch et al., 2014).  

Critically, recent findings suggest that the extent of improvement associated with 

adjunctive neuroenhancement may be contingent on the individual’s response to the primary 

intervention. In augmentation studies using d-cycloserine, yohimbine, and methylene blue, 

neuroenhancement led to largest clinical improvement at follow-up amongst participants who 

showed the most improvement from exposures that took place prior to medication administration 

(Smits et al., 2014; Smits, Rosenfield, Otto, Marques, et al., 2013a; Smits, Rosenfield, Otto, 

Powers, et al., 2013b; Telch et al., 2014). In contrast, neuroenhancement may lead to a 

worsening of clinical outcomes following an unsuccessful treatment session (e.g., an exposure 

session where end state fear remained high) (Smits, Rosenfield, Otto, Powers, et al., 2013b; 

Telch et al., 2014). These findings suggest that neuroenhancement may augment learning that 

takes place during the intervention, even if the learning was not necessarily therapeutic. As such, 

indicators of treatment response during the primary intervention should be considered a key 

moderator when investigating neuroenhancement outcomes.  

A promising new option for adjunctive neuroenhancement is low-level light therapy 

(LLLT) using near-infrared transcranial lasers or light emitting diodes (LEDs). LLLT is a non-

invasive intervention shown to regulate neuronal function in cell cultures, animal models, and 

clinical conditions (Eells et al., 2004). LLLT has been shown to elicit a bioenergetic 
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neurochemical effect that increases activity of mitochondrial cytochrome oxidase, a respiratory 

enzyme found in nerve cells (Rojas & Gonzalez-Lima, 2013; Rojas, Bruchey, & Gonzalez-Lima, 

2012a; Schiffer et al., 2007). Increasing cytochrome oxidase activity is a common mechanism of 

action for neuroenhancement techniques such as methylene blue and LLLT (A L Lin et al., 2012; 

Rojas, Bruchey, & Gonzalez-Lima, 2012b) and leads to improvement of metabolic efficiency in 

the brain (Schiffer, Glass, Lord, & Teicher, 2008; Schiffer et al., 2009; Telch et al., 2014). 

Increased metabolic efficiency stimulates ATP production and blood flow in the brain which 

facilitates neuronal energy production (Lapchak & De Taboada, 2010; Uozumi et al., 2010). 

Although LLLT has FDA approval only for peripheral pain management, it is growing in 

popularity as a brain research tool (Gonzalez-Lima & Barrett, 2014). Specifically, LLLT with 

transcranial laser has been shown to enhance sustained attention compared to sham LLLT 

(Barrett & Gonzalez-Lima, 2013), and LLLT with transcranial LED has even been shown to 

decrease depression symptoms up to four weeks following treatment, although clinical studies to 

date have not used a sham control (Schiffer et al., 2009). These findings suggest that LLLT may 

be an inexpensive, non-invasive way to boost blood flow and energy production, which makes it 

a promising neuroenhancement technique. Considering that LLLT has been linked to increased 

cytochrome oxidase activity, improved cognitive function, and decreased negative affect 

(Gonzalez-Lima & Barrett, 2014; Rojas, Bruchey, & Gonzalez-Lima, 2012a), there is strong 

reason to believe that it could improve the efficacy of ABM. 

This proof-of-principle study uses LLLT with transcranial laser stimulation of the 

prefrontal cortex as an adjunctive neuroenhancement intervention with the goal of improving 

depression-related ABM outcomes.  Participants completed two blocks of ABM, one before and 

one after a randomly-assigned session of right prefrontal LLLT, left prefrontal LLLT, or sham 
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LLLT. ABM and LLLT was administered twice across a three-day period. Participants then 

completed depression assessments at 1- and 2-week time points following the ABM intervention.  

This design allows us to determine whether right or left LLLT modulates the impact of 

ABM on cognition and depression symptoms. Comparing right and left locations helps to 

determine optimal outcome between right prefrontal modulation, which has been associated with 

cognitive benefits using LLLT (Barrett & Gonzalez-Lima, 2013; Gonzalez-Lima & Barrett, 

2014), and left prefrontal modulation, which has led to reduction of depression symptoms using 

other neuromodulatory techniques (George, Lisanby, & Avery, 2010; O'Reardon, Solvason, & 

Janicak, 2007). Importantly, this approach also allows us to determine whether the impact of 

LLLT is dependent on the extent of negative attention bias present following the first block of 

ABM. That is, participants with lower negative bias following ABM would be expected to 

experience greater benefit from neuroenhancement. Such a finding would be consistent with the 

prior neuroenhancement literature and would also provide important information about who is 

particularly likely to benefit from ABM with LLLT augmentation.  

Methods  

Participants 

Fifty-one adults with elevated symptoms of depression (31 female, 20 male, mean age = 

19.37, SD = 3.05) were recruited from the undergraduate research pool at the University of 

Texas at Austin. Participants received course credit in exchange for their participation.  

 Racial and ethnic distribution in the sample was as follows: 24% Hispanic, 59% 

Caucasian, 23% Asian, 6% African-American, 4% American Indian or Alaska Native, 2% mixed 

race, and 6% unspecified. Participants were permitted to be using anti-depressant medication, 

provided that they had been on a stable dose of medication for at least two months prior to 
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enrolling. Thirty-nine participants (76%) were unmedicated and no participants adjusted their 

psychiatric medication during their two weeks of follow-up.  

Measures 

Center for Epidemiologic Studies – Depression Scale (CESD) 

 The CESD (Radloff, 1977) is a self-report depression scale comprised of 20 items which 

assess symptoms over the previous week. A CESD score of 16 or higher, which reflects 

moderate or greater levels of depression severity (Radloff, 1977), was required for study 

eligibility. The CESD was completed in the lab at baseline and at session 2, and at home via a 

secure online server for the 1- and 2-week follow-up sessions. All participants who completed 

session 1 were asked to complete follow-up CESD sessions, regardless of whether they 

completed session 2. 

New Immigrant Survey (NIS) Skin Color Scale 

LLLT is administered by passing light through the skin, meaning that variable light 

absorption caused by differences in skin color can potentially impact the consistency of dosing. 

To account for the impact of individual differences, skin color was measured using the NIS skin 

color scale (Massey & Martin, 2003), an 11 point scale ranging from 0 to 10, where 0 represents 

total lack of skin color (i.e. albinism) and 10 represents the darkest possible skin. The scale 

contains illustrations of hands of increasing darkness, which were compared to the back of the 

participant’s hand. The participant and researcher then collaborated to determine which point on 

the scale was closest in darkness to the participant’s skin color. 

Tasks 

Dot Probe Task 
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 Variations on the dot probe task were used to assess for negative attention bias and also 

as the basis for the attention bias modification. Both versions of the task presented two words 

concurrently on the left and right half of a 20 inch LCD screen. Words were selected from the 

Affective Norms for English Words (ANEW) list (M. M. Bradley & Lang, 1999). Each word 

pair consisted of one neutral and one negatively valenced word, with the location varying 

randomly. Word pairs were matched for length and frequency of use in the English language.  

Each word pair was presented for 1000 ms, followed immediately by a probe (either the 

letter “O” or “Q”) in the same location as one of the words. Participants were instructed to 

identify the probe using a button box. Mean reaction time for identifying probes in the same 

location as the negative word, compared to probes in the same location as the neutral word, was 

used to operationalize negative attention bias. Mean reaction time was calculated for four distinct 

trial types: left sad word/right probe, right sad word/left probe, left sad word/left probe, and right 

sad word/right probe. Using these mean reaction times, negative attention bias was calculated 

using the following formula: 

((RT for left sad word/right probe trials + RT for right sad word/left probe trials) – (RT for left 

sad word/left probe trials + RT for right sad word/right probe trials)) / 2 

 Negative Bias Assessment 

 All participants completed the negative bias assessment twice per session, once at the 

outset of the session and once at the conclusion. The negative bias assessment consisted of 96 

trials of the dot probe task, with a fixation cross presented for 500 ms prior to each trial. 

Following each word pair, the probe would appear randomly and with equal frequency (50/50) in 

place of the negative or neutral word.  

 Attention Bias Modification (ABM) 
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 All participants completed two blocks of ABM, one immediately prior to LLLT 

administration (pre-LLLT ABM) and one immediately after (post-LLLT ABM). LLLT was 

administered in between blocks in order to facilitate learning associated with ABM. Each block 

consisted of 360 trials of the dot probe task with a fixation cross presented for 500 ms prior to 

each trial. There was a one-minute pause halfway through each block. Following each word pair, 

the probe would appear in place of the neutral word 85% of the time. This disparity is designed 

to promote preferential attention towards neutral words and faster response time for probes that 

appear in the location of neutral stimuli. Across both sessions, participants completed 1440 trials 

of ABM, a relatively low dosage chosen in part to allow for augmentation of an ABM effect.  

Low-Level Light Therapy (LLLT) 

 An LLLT session involves applying a specific wavelength of light (1064 nanometers) 

using the CG-5000 high density laser (Cell Gen Therapeutics, Dallas, TX, USA). The laser 

aperture has a diameter of 4 centimeters (13.6 cm2 beam area) and a continuous power output of 

3.4 watts, resulting in an irradiance (or power density) of 250 milliwatts/cm2 (3,400 mW/13.6 

cm2 = 250 mW/cm2) for 4 min (3.4 W x 240 s = 816 J/location) and a cumulative fluence (or 

energy density) of 60 Joules/cm2 (0.25 W/cm2 x 240 s = 60 J/cm2). The chosen dose of 60 J/cm2  

has been used in previous trials to improve cognition and psychological well-being (Barrett & 

Gonzalez-Lima, 2013; Schiffer et al., 2009). Participants and laser operators wore protective 

eyewear during all LLLT sessions. Since light absorption differs as a function of skin pigment, 

participants completed the New Immigrant Study Skin Color Scale (see description above), 

which was used as a covariate in all analyses.	  At the power level used, this laser dose is safe, 

exposure to it is not harmful to tissue, and it causes negligible heat and no physical damage. 
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 Participants were randomized to receive left active, right active, or right sham LLLT. The 

randomization distribution was as follows: 18 left active, 18 right active, 15 sham (a priori 

power analysis, based on effect size of 0.3, suggested 48 participants equally distributed across 

groups). All sessions consisted of 8 consecutive minute-long blocks, which alternated between 

the medial (4 min) and lateral (4 min) parts of the left or right side of the forehead (depending on 

condition). For the active conditions, participants received LLLT for the full 60 seconds per 

block. For the sham condition, participants received LLLT for the first 5 seconds before the 

operator covertly disabled the power while keeping the laser in place for the final 55 seconds. 

These treatment parameters are comparable to previous research investigating the impact of 

LLLT on attention (Barrett & Gonzalez-Lima, 2013). Upon being prompted at the two-week 

follow-up session to guess whether they received either active or sham LLLT, 43% of 

participants accurately guessed their treatment condition from the two available options. When 

prompted to provide a guess confidence score, 63% expressed little to no confidence, 22% 

expressed moderate confidence, and 15% expressed strong confidence.  

Procedure 

Participants were recruited to the Mood Disorders Laboratory at the University of Texas 

at Austin based on their CESD score from a prescreening questionnaire. Participants completed 

two study sessions, which were scheduled to begin exactly 48 hours apart. The first session 

began with a CESD (to confirm CESD > 16 at the start of the experiment) and demographic 

questionnaire, while session two only required the CESD. In both sessions, participants then 

completed (in order) a negative bias assessment via the dot-probe task, one block of ABM, the 

LLLT session, an additional block of ABM, and a final negative bias assessment. Participants 

then completed follow-up CESD questionnaires at one and two week intervals following 
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enrollment (see Figure 1 for a depiction of study design). Two participants were unable to attend 

their second study session but did complete follow-up CESD questionnaires. As a result, these 

participants were only included in analyses that use depression symptoms as an outcome 

measure. 

 

Study 5, Figure 1 – Flowchart of study procedures  

 

 

Statistical Analysis 

 Mixed effect regression models were used to predict change in depression symptoms. 

The first assessed the three-way interaction between LLLT condition (active left, active right, or 

sham), negative bias following the first ABM block but prior to LLLT, and time (days from 
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baseline) when predicting CESD score. When the three-way interaction was significant, it was 

broken down into three models assessing the two-way interaction between negative bias and time 

for each of the three LLLT conditions. 

 

Results 

Descriptive Statistics 

 Sample 

 Of the 51 participants to complete session 1 (15 sham, 18 right active LLLT, 18 left 

active LLLT), 45 completed session 2 (12 sham, 16 right, 17 left), 45 completed the one week 

follow-up (13 sham, 16 right, 16 left), and 46 completed the two week follow-up (13 sham, 17 

right, 16 left).  

 Change in attention bias: time main effect and time x LLLT interaction 

Mean negative bias at baseline was 1.62 ms (SD = 24.56) and the mean bias after session 

2 was -3.59 ms (SD = 21.89). This decrease in negative bias was statistically significant, β=-

1.34, SE=0.69, p=0.05, Cohen’s F2=0.079. Using a multilevel mixed effects regression model, 

the two-way interaction between LLLT condition and time was not significant, F(2, 49) = 0.32, 

p=0.73, Cohen’s F2=0.006. These findings suggest that negative bias decreased significantly 

following ABM, but that change in attention bias was not moderated by LLLT condition.  

Change in depression: main effect of time and time x change in attention bias interaction 

 The mean CESD score at baseline was 29.51 (SD=9.51). Controlling for medication use, 

CESD score decreased linearly and significantly over the 14 days of follow-up, approximately 

half a point on the CESD per day, β=-0.50, SE=0.10, p<0.01, Cohen’s F2=0.150.  The decrease 
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in depression symptoms over time was not moderated by change in attention bias from baseline 

to post session 2, F(1, 43) = 0.00, p = 0.99, Cohen’s F2=0.000. 

 Change in Depression: time x attention bias prior to LLLT x LLLT interaction 

There was a significant three-way interaction between LLLT condition, negative bias 

measured immediately after the first ABM block but prior to LLLT during session 1, and time 

when predicting CESD score, F(2, 47) = 4.29, p=0.01, Cohen’s F2=0.062. To understand the 

form of this three-way interaction, three subsequent models examined the two-way interactions 

between negative bias measured immediately prior to LLLT during session 1 and time for each 

of the three LLLT conditions. 

For the right LLLT group, there was a significant two-way interaction, F(1, 16) = 8.15, 

p<0.01, Cohen’s F2=0.159. Specifically, individuals with a stronger bias away from negative 

words during the ABM block immediately before LLLT at session 1 showed greater subsequent 

clinical improvement after right LLLT than individuals with no bias or bias towards negative 

words. That is, in the right LLLT condition, those with a bias away from negative stimuli 

following the initial session of ABM appeared to benefit most from LLLT (see Figure 2). The 

same two-way interaction was not significant for sham LLLT, F(1, 13) = 0.85, p=0.36, Cohen’s 

F2=0.016, or left LLLT, F(1, 16) = 0.05, p=0.83, Cohen’s F2=0.001. As can be seen in Figure 2, 

the regression lines for left LLLT and sham are relatively flat, suggesting that attention bias 

measured after the first session of ABM but before LLLT did not influence the effect of LLLT 

on subsequent symptom change.  
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Study 5, Figure 2 – Interaction between LLLT condition, negative bias during pre-LLLT ABM, 

and mood change Note: All presented models used time as a predictor in the interaction. 

However, for the sake of clarity, figures 2 and 3 use CESD change (CESD score at 2 week 

follow-up minus baseline CESD) in order to represent the effect of time on mood.  

 

 

Comparisons of the strength of the interactions indicated that the interaction involving 

right LLLT was significantly stronger than sham LLLT, β=-0.05, SE=0.02, p<0.01, and left 

LLLT, β=-0.04, SE=0.02, p=0.01. There was no difference between the interaction between 

sham and left, β=0.01, SE=0.01, p=0.51. The two-way interaction between LLLT condition and 

time on CESD score was not significant, F(2, 49) = 0.82, p=0.44, Cohen’s F2=0.011, suggesting 

that LLLT condition alone did not predict symptom change. In sum, depression symptom 

improvement in left and sham LLLT was not dependent upon the strength of negative attention 

bias following the first block of ABM.  
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 Using the predicted values generated by the three way interaction, Figure 3 shows the 

estimated CESD change for participants whose negative attention bias following pre-LLLT 

ABM falls at three levels: the sample mean (0.17 ms bias away from negative words), one 

standard deviation above the mean (18.34 ms bias towards negative words), and one standard 

deviation below the mean (18.69 ms bias away from negative words). For the right LLLT 

condition, symptom change was significantly greater for those with attention bias one standard 

deviation below the mean, and significantly worse for those with attention bias one standard 

deviation above the mean. This interaction is significantly stronger than for participants who 

received left LLLT or sham.  

 

Study 5, Figure 3 – Predicted CESD change from baseline to two-week follow-up based on 

LLLT condition and negative attention bias during pre-LLLT ABM session 
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High Influence Observation 

In order to identify data points whose leverage and residual may unduly influence the 

overall model, Cook’s d was calculated for each observation. Based on the convention of 

excluding observations with d>1 (Cook & Weisberg, 1982), one participant was dropped from 

the left LLLT condition. In Figure 2, this data point is the outlier on the far left of the figure. 

With this observation removed, the three-way interaction between LLLT condition, negative bias 

for pre-LLLT ABM, and time remained significant, F(2, 46) = 4.24, p=0.01, Cohen’s F2=0.061. 

In the left LLLT condition, the two-way interaction between pre-LLLT ABM and time remained 

not significant, F(1, 15) = 1.80, p=0.18, Cohen’s F2=0.034, although the effect was stronger than 

observed in the full sample and more closely resembled the effect observed in right LLLT. 

Further, the two-way interaction for the left LLLT condition was no longer significantly different 

from the same two-way interaction in the right LLLT condition, β=0.02, SE=0.02, p=0.17, 

although the comparison was generally consistent with that observed in the full sample. There is 

still no difference between the interactions for the left LLLT and sham conditions, β=-0.02, 

SE=0.02, p=0.13.   

 
Discussion  

Findings from the current study indicate that right prefrontal LLLT leads to a greater 

reduction of depression symptoms in participants who respond to ABM (i.e., had an attentional 

bias away from negative stimuli following ABM) compared to sham and also compared to 

participants who did not respond to ABM. These findings suggest that right LLLT facilitates 

clinical outcome following ABM, such that people who exhibit an attentional bias away from 

negative stimuli following ABM are more likely to experience greater improvements in 
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depression after two weeks. This effect is not observed in sham, where the level of clinical 

improvement does not depend on the observed negative bias during ABM. For participants who 

received left LLLT, upon removing high influence observations, the interaction between 

attention bias during ABM and time was not significant, though it also did not significantly differ 

from right LLLT because the effect was in the same general direction but smaller. 

The relationship between right LLLT, attention bias during ABM, and clinical symptoms 

is consistent with the “for better or worse” pattern of adjunctive neuroenhancement seen in the 

treatment of anxiety using d-cycloserine, yohimbine, and methylene blue. Specifically, for all 

four neuroenhancers, increases in clinical improvement are contingent upon the successful 

response to the primary intervention prior to the onset of the enhancer, while unsuccessful 

response to the primary intervention led to worse clinical outcomes (Smits et al., 2014; Smits, 

Rosenfield, Otto, Powers, et al., 2013b; Telch et al., 2014).  

These results have the potential to contribute to a new and improved formulation for 

personalized psychological care and may provide a guideline for identifying who is most likely 

to benefit from neuroenhancement treatment. Specifically, negative attention bias during ABM 

could be monitored in real time and LLLT (or equivalent neuroenhancement) could be 

administered only once an individual has demonstrated a positive response to ABM. Attention 

bias away from negative stimuli during ABM could therefore be considered an indication for 

adjunctive neuroenhancement, a distinction that would help identify a specific patient population 

with greater chance of seeing optimal improvement. Such an approach would be consistent with 

the development of precision medicine interventions.  

 Although LLLT was hypothesized to improve the cognitive impact of ABM, the results 

did not show any difference in bias change when comparing the right, left, and sham LLLT 
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groups. That is, attention bias appeared to improve regardless of LLLT condition. This may be 

due to LLLT impact being washed out by the more robust bias modification caused by ABM. 

However, the absence of marginal improvements in attention bias as a function of LLLT is 

notable, since it suggests that the mechanism of action underlying the observed clinical 

improvement may not, as was expected, be solely due to improved attention. Rather, it appears 

likely that the increase in metabolic efficiency in the right hemisphere (putatively caused by 

increased cytochrome oxidase activity) augments the learning associated with ABM. This 

enhancement applies to positive and negative ABM outcomes, as evidenced by the modest 

clinical worsening amongst individuals who received right LLLT and whose negative bias 

persisted despite ABM. Across participants, there was significant variability in negative bias 

change following ABM, but only those who received right LLLT saw those individual 

differences translate to clinical improvement or worsening. 

These results may help explain the inconsistent findings related to ABM in depression 

(Baert et al., 2010; Hallion & Ruscio, 2011; Mogoaşe et al., 2014; T. T. Wells & Beevers, 2010). 

The impact of ABM on clinical symptoms likely depends on a host of factors that modulate the 

extent of learning and generalization of the participant experiences. One such factor may be 

abnormal function of the right prefrontal cortex in depression. The resulting improvement in 

outcome observed following right LLLT suggests that prefrontal metabolism may play a causal 

role in the response (or lack thereof) to ABM in depression. Similar adjunctive 

neuroenhancement using tDCS in participants with anxiety has shown that stimulating the left 

dorsolateral prefrontal cortex during ABM leads to greater modification of attention bias for 

threat stimuli compared to sham (Clarke, Browning, Hammond, Notebaert, & MacLeod, 2014). 
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Together with the current study, these results indicate that ABM efficacy can be improved with 

augmentation of prefrontal functioning. 

Limitations of the current study include the relatively short follow-up period. There is 

significant heterogeneity in the naturalistic course of depression symptoms (Posternak & Miller, 

2001) and limiting the follow-up to only two weeks may not be capturing the full extent of 

symptom change. Furthermore, attention bias was not assessed during the follow-up period, 

making it difficult to determine whether changes in attention bias might serve as a mediator for 

clinical improvement. Future iterations of this study would benefit by expanding the follow-up 

period to at least six months while also collecting mood and cognition assessments at various 

points during that time. This would allow us to plot the trajectory of bias change relative to mood 

change, which would facilitate modeling of the interaction between these systems.  

Despite these limitations, the current results serve as a promising indicator that 

neuroenhancement could be used to augment the benefits of bias modification techniques such as 

ABM in depression. LLLT, which has been shown to increase cytochrome oxidase activity and 

improve sustained attention (Barrett & Gonzalez-Lima, 2013; Gonzalez-Lima & Barrett, 2014; 

Rojas, Bruchey, & Gonzalez-Lima, 2012a), also appears to generalize learning acquired during 

ABM. This finding has various clinical implications. Future LLLT research can build on this 

finding to generalize learning in numerous domains, including other forms of bias modification 

(e.g. ABM for anxiety, interpretation bias modification for depression, cognitive remediation for 

schizophrenia, etc.) and other learning-based clinical protocols. In addition, the use of adjunctive 

neuroenhancement should be applied conscientiously based on the individual’s performance 

during the learning task. This is particularly important since generalization of negative 

performance could impede clinical improvement. Although research that pairs cognitive 
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interventions with neuroenhancers is still in its infancy, these results suggest that it is a 

promising and important direction for further study, with the potential to improve treatment 

matching and clinical outcomes for the treatment of depression and other disorders.	  	  
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General Discussion 

Taken together, the five papers presented in this dissertation offer a glimpse into the complex 

relationship between neurobiology, cognition, and the affective processes that underlie 

depression. Study 1 showed depression symptoms are correlated with self-referential schemas, 

but that the naturalistic course of symptoms is predicted by attentional bias for negative stimuli. 

Study 2 further explored this relationship by reviewing the neural correlates of biased cognition. 

These findings were then used to synthesize a neurobiological model which links decreased 

activity in cognitive-focused regions (e.g. the dorsolateral prefrontal cortex) with increased 

reactivity in affect-focused regions (e.g. the amygdala).  

Study 3 sought to illuminate the etiology of attentional biases using the diathesis-stress 

model. Specifically, US Army soldiers with the SS iteration of the 5-HTTLPR polymorphism 

who experienced greater stress during deployment showed greater attentional bias for sad and 

fear-related stimuli compared to those with the LL and SL iterations. Study 4 broadened the 

scope of this approach by constructing a cumulative genetic score using 5-HTTLPR, HTR1A, 

and HTR2A. By summing the number of risk alleles associated with each individual gene, this 

polygenic approach was able to explain significantly more variance in attentional bias as a 

function of mood reactivity compared to each of the genes individually. Finally, study 5 sought 

to ameliorate attentional biases and improve dysphoric symptoms by using LLLT to augment 

attentional bias modification (ABM). Comparable to other forms of neuroenhancement such as 

d-cycloserine and methylene blue (Smits, Rosenfield, Otto, Powers, et al., 2013b; Telch et al., 

2014), right active LLLT led to improved clinical outcomes in participants who responded to 

ABM, but worse clinical outcomes in participants who did not. 
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 These findings pave the way for several new and important areas of research. For 

example, although the CGS accounts for greater variability in attentional bias following sad 

mood induction, the three included genes represent an exceedingly small percentage of genetic 

and epigenetic variables that might contribute to the development of cognitive vulnerability. Two 

powerful tools have become available over the past decade and could be applied to expand this 

field of research: genome-wide association studies (GWAS) and genome-wide complex trait 

analysis (GCTA).  

GWAS analyzes DNA sequence variations across the entire genome to identify which genes 

are associated with a given trait (W. S. Bush & Moore, 2012). GWAS is a powerful tool for 

identifying candidate genes, and has been used to isolate hundreds of loci associated with dozens 

of diseases since 2005, of which many had not been previously linked with disease processes (T. 

A. Pearson & Manolio, 2008).  

GWAS is effective at identifying specific SNPs which may convey risk, but fails to account 

for the heritability expected based on twin and family studies (S. H. Lee, Wray, Goddard, & 

Visscher, 2011b; Manolio et al., 2009). GCTA was designed to try to address this gap by 

estimating the variance explained by all SNPs on a complex trait rather than by individual SNPs 

(S. H. Lee et al., 2011b). GCTA allows for significant versatility when estimating and 

partitioning large GWAS datasets, and can substantially increase the variance explained by 

genetic influences (J. Yang, Lee, Goddard, & Visscher, 2013). This technique has been used to 

explain increased heritability in cognitive abilities (Plomin et al., 2013), as well as conditions 

such as schizophrenia (Ripke et al., 2013) and Parkinson’s disease (Keller et al., 2012). GCTA 

can be viewed as a logical extension of the polygenic modeling techniques used in study 4. 
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Previous attempts using GWAS and GCTA to account for the variance in MDD were 

inconsistent (Lubke et al., 2012; Ripke et al., 2012). This may be attributed to the complex, 

multifactorial etiology of MDD, which necessitates many thousands of participants to properly 

power analyses (Ripke et al., 2012; Teo, 2008). However, there have been no genome-wide 

studies to our knowledge investigating phenotypes that confer vulnerability or maintain 

depression. Considering that cognitive vulnerability has a less heterogeneous presentation than 

MDD, it is likely that such an approach would lead to more reliable and consistent results. In 

addition, targeting cognitive systems of depression, such as attention, memory, and cognitive 

control, is a research priority for the NIMH and is a central tenet of their Research Domain 

Criteria (RDoC) (Insel et al., 2010). 

Identifying genetic profiles that are consistent with cognitive vulnerability would have 

numerous potential benefits. Gene profiles, identified using individual SNPs or whole-genome 

analyses such as GWAS, could serve as a useful biomarker to facilitate treatment matching by 

clinicians. The availability of neurocognitive interventions is dramatically increasing (George et 

al., 2010; Koster, Fox, & MacLeod, 2009a; Luber & Lisanby, 2013). Techniques such as ABM, 

biofeedback, and neuromodulation (e.g. rTMS, tDCS, and LLLT) have shown promise in 

ameliorating cognitive biases in depression, but can also be expensive and/or time consuming to 

undergo. Polygenic genotyping could provide guidance as to which participants may benefit 

from specific interventions with decreased reliance on “trial and error” strategies. This growing 

field of research, dubbed “therapygenetics” (Beevers & McGeary, 2012; Lester & Eley, 2013), 

addresses a core component of the NIMH Strategic Plan (NIMH, n.d.) and could decrease the 

time to recovery, prevent relapse, and lower the costs associated with mental health care. 
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The findings from this dissertation also lay the groundwork to help establish a causal link 

between biological factors and maladaptive cognition. The cognitive neurobiological model laid 

out in study 2 identifies neural correlates of biased cognition. However, due to the associative 

nature of neuroimaging, it is challenging to establish a causal relationship between patterns of 

activity in specific brain regions and behavior (Silvanto & Pascual-Leone, 2012). However, 

LLLT, used as adjunctive neuroenhancement in study 5, is associated with modulation of 

prefrontal regions identified in study 2. By comparing active vs. sham modulation, it is possible 

to identify temporal precedence, which is a necessary step for determining causality. Future 

attempts to establish causality can build on these findings by using a variety of placebo-

controlled manipulations, such as rTMS or deep brain stimulation (DBS), to alter function in key 

brain regions. This technique is widespread in cognitive neuroscience (Silvanto & Pascual-Leone, 

2012), but has not yet been well established when investigating the neural substrates of mood 

disorders.  

 Although it is important to continue researching the etiology of depression and cognitive 

vulnerability, it is also critical to translate these findings into practical clinical applications. The 

NIMH Strategic Plan calls for research that translates emerging findings on the neuroscience and 

behavioral science of mental disorders into novel interventions that will alter dysfunctional 

neural circuits and psychological processes underlying mental disorders (NIMH, 2011). Study 5 

sets out to accomplish this by investigating the interaction of two translational treatments (ABM 

and LLLT). These techniques fall into the rapidly growing field of neurocognitive interventions, 

which aim to improve the biological and cognitive characteristics of mental illness.  

The results of studies in this dissertation, particularly studies 1 and 2, help to identify 

putative targets for neurocognitive interventions. These include cognitive factors such as 
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negative attentional bias (from study 1) or biological factors such as dorsal hypoactivity and 

ventral hyperactivity (from study 2). As was previously discussed in study 5, ABM is a 

technique expressly designed to counteract mood congruent attentional biases. Other 

interventions, such as interpretation bias modification (Blackwell & Holmes, 2010; E. A. Holmes 

et al., 2009), aim to decrease the frequency of negative interpretations associated with people 

possessing negative self-schemas. Clinical applications of brain stimulation have sought to 

increase activity in frontal regions such as the dorsolateral prefrontal cortex (e.g. (O'Reardon et 

al., 2007)), and deep brain stimulation has been used to treat refractory depression by targeting 

the subgenual cingulate cortex (Mayberg et al., 2005). Using methods similar to study 5, these 

techniques can be used to directly target brain regions associated with cognitive substrates (such 

as DLPFC for biased attention or memory), which would expand our understanding of the causal 

relationship between brain regions, cognition, and depression.  

The results of study 5 serve as a critical reminder that augmenting conventional 

treatments with novel, targeted interventions is a promising direction for clinical research. 

Furthermore, it supports the importance of timing the introduction of the augmenting 

intervention to maximize its marginal benefit. Specifically, a growing body of research suggests 

that neuroenhancement as an augmenting intervention improves clinical outcomes in individuals 

who respond well to the initial intervention, but may lead to worse outcomes in individuals who 

respond poorly (Smits et al., 2014; Smits, Rosenfield, Otto, Marques, et al., 2013a; Telch et al., 

2014).  

Although the studies that led to these results used a standard randomized control 

approach, such as study 5, future attempts to model neuroenhancement as an augmentation 

would benefit from the use of adaptive treatment strategies such as those used in sequential 
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multiple assignment randomized trial (SMART) studies (Lei, Nahum-Shani, Lynch, Oslin, & 

Murphy, 2012; S. A. Murphy, Collins, & Rush, 2007).  Contrary to standard randomized control 

trials, where treatment course is randomized but fixed, SMART studies hinge on multiple critical 

decision points to determine each participant’s course of treatment. These decisions may depend 

on numerous factors, such as response to treatment, side effects, or performance on tasks that are 

related but distinct from the primary outcome (e.g. measures of biased cognition). SMART 

studies include a set of tailoring variables used to pinpoint precisely when and how the treatment 

course should be adjusted for each individual. The logic underlying SMART studies is that the 

optimal treatment course may change dynamically for each participant based on specific 

variables measured during the study (Lei et al., 2012). For example, a useful replication of study 

5 might apply LLLT only to participants who show bias away from negative stimuli during 

ABM. Future attempts to introduce neuroenhancement as an augmentation strategy would 

benefit from using SMART study designs, since evidence suggests that the decision to augment, 

and the timing of augmentation, can have a profound effect on its clinical impact. 

MDD is a pervasive and debilitating condition that is characterized by maladaptive 

interactions between cognition and emotion. In order to optimize the efficacy of depression 

treatments, it is critical that we develop a comprehensive understanding of depression that 

includes biological, cognitive, and affective processes. This dissertation identifies cognitive 

factors that predict depressed mood, and then sets out to explain how genetics and neurobiology 

contribute to those cognitive factors. Furthermore, this dissertation set out to translate our 

understanding of cognitive and neurobiological factors to synthesize a novel intervention. Future 

research can build off the findings presented here by using larger and longer longitudinal 

cognitive and emotional assessments, more comprehensive genetic assessments, and a broader 
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assortment of well-validated neurobiological interventions. Still, this dissertation presents a 

critical step forward in our understanding of the systems underlying depression, and can 

hopefully be used to improve clinical outcomes in the years ahead. 
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