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The ability to withhold responses from appetitive and emotionally salient 

cues in the environment allows us to make decisions that favor positive long-term 

outcomes over immediate rewards. This capacity for self-control is an adaptive 

cognitive ability that requires regulation of motivational drives to action. An 

inability to exert self-control appropriately can relate to real-world consequences, 

such as poor health outcomes and undesired weight gain due to unregulated 

eating. Individuals vary in their ability to exhibit self-control, particularly under 

negative emotional influences. At the pathological extreme, total lapses in self-

control can underlie behaviors such as binge eating in bulimia nervosa, which 

may develop during adolescence as maladaptive coping mechanisms for 

negative emotions. This thesis investigates how self-control and the neural 

circuitry underlying it develop under emotional influences over the course of 

adolescence and into early adulthood. Chapter one provides a framework of the 

neural circuitry, development and psychopathology of self-control. Chapter two 

examines adolescent impulsivity toward emotionally salient cues of and related 

changes in regional brain function during that period. Adolescence is a peak time 

for the emergence of psychopathologies and maladaptive behaviors (Lee et al., 

2014). Chapter three asses the development of self-control and neural circuitry in 

bulimia nervosa under changing emotional influences from late adolescence into 

early adulthood. A heightened sensitivity toward food cues may relate to binge 



eating in bulimia nervosa and problem eating in non-eating disordered 

individuals. Chapter four measures the influence of appetitive food cues under 

emotional influences on self-control in bulimia nervosa and across non-eating 

disordered individuals based on tendencies to eat when anxious. Together, these 

studies examine how emotional, appetitive, diagnostic and individual influences 

interact to influence self-control and the brain circuitry that underlies it. Chapter 

five synthesizes these findings and discusses implications for treatment, 

limitations and future directions of this work. 
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Chapter 1: Developmental and Individual Differences in Self Control – an 

Introduction 

 

Introduction 

Self-control refers to our ability to suppress inappropriate actions, 

emotions and desires in favor of goal-oriented ones. Putting down a piece of 

delicious cake because you are on a diet, illustrates how we can stop an 

appealing action in favor of a future goal. Resisting temptations is not easy, and 

circumstances may shift the balance from exhibiting successful self-control 

toward giving into appetitive cues like a piece of cake. Emotionally charged 

situations, and negative emotions may diminish our capacity for self-control. We 

may become particularly sensitized to appetitive cues because they pull our 

attention or actions away from the negative experience toward something more 

positive. Managing negative emotions may also reduce or deplete cognitive 

resources a thereby diminishing our capacity to control our behavior. Thus, 

engaging in rewarding actions like eating food may serve as a means of 

providing relief from these feelings when other coping mechanisms are not 

sufficient or available to us. We each vary in these abilities both across 

development and across individuals. This thesis examines how cues of potential 

reward (food) and threat and emotional state, both positive and negative, 

differentially impact self-control across development and across individuals. 

Neural circuitry underlying self-control is examined to constrain the interpretation 

of the behavioral findings.  

This chapter first provides an overview of the underlying neural circuitry of 

self-control, followed by a brief overview of developmental and individual 

differences in this capacity, specifically under emotional influences. I focus 
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largely on the developmental periods of adolescence and adulthood when this 

capacity typically matures and when a number of mental illnesses that show 

diminished self-control peak in prevalence (Ronald C. Kessler et al., 2005). I then 

examine this capacity in the case of binge eating in bulimia nervosa (BN) as an 

extreme variant of diminished self-control during late adolescence and young 

adulthood. 

 

Neural circuitry underlying self-control  

Distinct but interacting neural systems are thought to mediate motivational 

drive and behavioral regulation. The prefrontal cortex (PFC) shares projections to 

and from the amygdala and ventral striatum, and the amygdala has projections to 

the ventral striatum and PFC (Figure 1.1, Casey, 2015). The drive to take action, 

to identify and obtain rewards in the environment, and the capacity to withhold 

such responses are associated and modulated by this circuitry. The prefrontal 

cortex is largely associated with top-down control over behavior and emotion 

regulation, while the ventral striatum, which is implicated in motivated behavior 

and responding to reward outcomes. The amygdala has unidirectional 

projections to the ventral striatum (Friedman, Aggleton, & Saunders, 2002; 

Russchen, Bakst, Amaral, & Price, 1985). Glutamatergic pathways from the 

basolateral amygdala to the ventral striatum have been shown to promote 

motivated behavioral responding (Stuber et al., 2011).  

 Motivational drive is largely associated with dopamine release in 

subcortical structures, particularly the ventral striatum (Robbins & Everitt, 1992). 

This region is rich in dopamine receptors D1 and D2 and dopaminergic 

projections from the ventral tegmental area of the thalamus (Haber & Knutson, 

2010). Dopamine release in this area from the ventral tegmental area (VTA) 
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occurs in response to primary rewards such as the receipt of food (Small, 

Zatorre, Dagher, Evans, & Jones-Gotman, 2001; Small, Jones-Gotman, & 

Dagher, 2003), psychostimulants (Breiter et al., 1997; Drevets et al., 2001; 

Volkow et al., 1999) and financial gains (Breiter, Itzhak, Kahneman, & Shizgal, 

2001; Delgado, Nystrom, Fissell, Noll, & Fiez, 2000). The ventral striatum and the 

amygdala appear particularly responsive during the anticipation, rather than 

actual receipt of rewards (Knutson, Fong, Adams, Varner, & Hommer, 2001), 

while the orbitofrontal cortex (OFC) is active during both anticipation and receipt 

(O’Doherty, Deichmann, Critchley, & Dolan, 2002). The ventral striatum thus 

appears to be more involved in wanting than liking rewards (Berridge, 1996, 

2009), implicating it in reward drive rather than hedonic pleasure. Dysregulation 

of this region is associated with disorders of unregulated consumption including 

drug addiction and binge eating (Di Chiara et al., 2004), which may share a 

common increased release of and sensitivity to dopamine (Hadad & Knackstedt, 

2014). This region has been shown to relate directly to behavioral outcomes. 

Activity in the ventral striatum predicts likelihood of giving into cravings for food 

(Lopez, Hofmann, Wagner, Kelley, & Heatherton, 2014) and psychostimulants (Li 

& Sinha, 2008), suggesting a direct relationship between this region and degree 

of reward drive.  

The PFC is associated with moderating activity in the ventral striatum and 

amygdala in a way that can inhibit motivated responding. Damage to the PFC by 

lesions and progressive neurodegeneration such as in frontotemporal dementia 

have been associated with disinhibited behavior and impaired decision making 

(Bechara, Tranel, & Damasio, 2000; Dias, Robbins, & Roberts, 1996; Rascovsky 

et al., 2011). Inhibiting activity in the lateral PFC by transcranial magnetic 

stimulation has been shown to result in a preference for immediate over long-
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term rewards (Figner et al., 2010). Better PFC function, in contrast, is associated 

with improved restraint. Cocaine users and cigarette smokers show greater 

recruitment of PFC when successfully regulating cravings (Brody et al., 2007; 

Kober et al., 2010; Volkow et al., 2010). Functional magnetic resonance imaging 

(fMRI) of response inhibition have consistently shown recruitment of prefrontal 

regions, particularly inferior frontal gyrus (IFG; Menon et al., 2001; Rubia et al., 

2003). Greater IFG activity during successful response inhibition on go/nogo 

tasks has been shown to relate to lower trait impulsivity (Horn, Dolan, Elliott, 

Deakin, & Woodruff, 2003), and better response inhibition (Somerville, Hare, & 

Casey, 2011), leading to the suggestion that this region in particular may serve 

as a brake on approach behavior (Aron, Robbins, & Poldrack, 2004, 2014).  

 

Figure 1.1 Schematic of neural circuitry underlying self-control. 
Prefrontal cortex (PFC) has projections to and from the amygdala (Amy) and 
ventral striatum (VS). The amygdala has projection to the ventral striatum (VS) 
but not vice-versa. Dopaminergic projections from the ventral tegmental area 
(VTA) and hippocampus (Hip) modulates activity of this circuitry. 

Top-down interactions between the PFC and subcortical circuitry has been 

shown to modify responses cognitive and behavioral output. Activity in the PFC 
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has been shown to predict decreases in drug cravings (Kober et al., 2010), and 

successful regulation of food cravings (Lopez et al., 2014), which are mediated 

by decreasing activity in the ventral striatum. Such studies highlight the 

importance of understanding the connections between brain regions in 

successful behavioral control (Casey, 2015). Examining this frontostriatal brain 

circuitry therefore provides an opportunity to understand the biological basis of 

behavioral changes between individuals, across development and in 

psychopathologies characterized by recurrent problems of behavioral inhibition. 

Interactions between the PFC and the amygdala are implicated in 

underlying successful emotion regulation, as well. Prefrontal circuitry can 

attenuate the response of the amygdala to negative stimuli (Buhle et al., 2014; 

Hariri, Mattay, Tessitore, Fera, & Weinberger, 2003; Ochsner & Gross, 2005), 

dependent on the connections between PFC and subcortical circuitry (Silvers et 

al., 2016; Wager, Davidson, Hughes, Lindquist, & Ochsner, 2008). Functional 

connectivity between PFC and amygdala correlates emotional regulation success 

(Banks, Eddy, Angstadt, Nathan, & Luan Phan, 2007; H. Lee, Heller, van 

Reekum, Nelson, & Davidson, 2012). Overlap in circuitry involved in regulating 

emotional responses and behavior may relate to impairments in self-control 

observed under negative emotional influences (Heatherton & Wagner, 2011). 

 

Development of self-control 

Adolescence is a transitional period of emotional, cognitive and physical 

development during which individuals must establish a distinct identity from their 

care-takers. Adolescents exhibit greater reward, sensation and novelty seeking 

than children or adults (Douglas, Varlinskaya, & Spear, 2003; Galván, 2013; 

Spear, 2000; Stansfield & Kirstein, 2006), and are more impulsive than adults 
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(Steinberg, 2010). These characteristics provide adolescence with a heightened 

tendency to explore new environments, situations and relationships which may 

serve a purpose of creating their unique identity (Irwin & Millstein, 1992). 

These factors may also predispose adolescents to engage in risky 

behaviors. Adolescence is a peak period for substance abuse, unsafe sexual 

practices, and driving under the influence of alcohol (Arnett, 1992; Arnett, 1999). 

Heightened sensation seeking and diminished impulsivity may underlie greater 

proclivity for gambling and substance use than adults (Chambers & Potenza, 

2003; Chambers, Taylor, & Potenza, 2003). Indeed, sensation seeking has been 

shown to mediate the relationship between pubertal development and drug use 

among adolescents (Martin et al., 2002). When these behavioral patterns are 

established during adolescence they are more likely to persist chronically into 

adulthood (Williams, Holmbeck, & Greenley, 2002). Smoking, alcohol and 

substance abuse typically begin during adolescence (Call et al., 2002; Chassin et 

al., 2004; Chassin, Presson, Rose, & Sherman, 1996; K. Chen & Kandel, 1995; 

Resnick et al., 1997), as do binge eating behaviors (Stice, Killen, Hayward, & 

Taylor, 1998), and alcohol abuse is more likely to become habitual with earlier 

age of onset (Grant & Dawson, 1997). The persistence of these behaviors into 

adulthood further highlights the importance of understanding and preventing 

these behaviors before they start. 

The dispositional changes related to elevated risk taking during 

adolescence may be due to a temporary imbalance between motivational and 

control circuitry. Subcortical structures involved in emotion and reward 

processing are relatively mature during adolescence, while the development and 

function of prefrontal cortical network involved in self-control is more protracted 

(Casey, Jones, & Hare, 2008; Ernst, Pine, & Hardin, 2006; Steinberg, 2010). 
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Changes in brain structure during this developmental period support this view. 

Synaptic pruning, the process by which redundant neural connections are 

eliminated in favor of more efficient networks (Chechik, Meilijson, & Ruppin, 

1998; Chechik, Meilijson, & Ruppin, 1999), occurs at different rates in different 

regions of the brain. Post-mortem autopsies examining synaptic density in 

human brain tissue (Huttenlocher, 1979; Huttenlocher & Dabholkar, 1997) and 

non-human primate brains (J. Bourgeois & Goldman-rakic, 1994; J. P. Bourgeois, 

Jastreboff, & Rakic, 1989) have provided evidence that pruning in prefrontal 

structures of the cerebral cortex continues to occur from late childhood through 

adolescence, after primary motor, visual and cortex have reached maturity. 

Structural MRI studies using measures of gray matter density and cortical 

thickness to measure changes in gray matter in vivo with age have yielded 

congruent results. Cortical thickness and gray matter density continue to 

decrease in prefrontal as well as parietal and temporal association cortices 

implicated in higher level cognitive functions after other cortical areas (Gogtay et 

al., 2004; Sowell, 2004). These findings would indicate that prefrontal cortex may 

not be fully efficient at adult levels. White matter in the brain continues to develop 

throughout adolescence and early adulthood (Asato, Terwilliger, Woo, & Luna, 

2010; Giedd et al., 1999; Gogtay et al., 2004), as does myelination (Wozniak & 

Lim, 2006), suggesting immature connections between brain regions that may 

reflect a relative deficiency in the ability for prefrontal cortex to effectively 

communicate and exhibit control on subcortical structures. Furthermore, The 

density of dopamine receptors D1 and D2 peaks during adolescence in the 

ventral striatum (Seeman et al., 1987; Tarazi & Baldessarini, 2000; Teicher, 

Krenzel, Thompson, & Andersen, 2003) and declines in adulthood. D1 and D2 

receptor density does not peak in the prefrontal cortex until early adulthood in 

contrast (Weickert et al., 2007), resulting in a potential imbalance in the 
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sensitivity to this neurotransmitter between these brain regions. Together, these 

structural, synaptic and neuromodulatory changes provide evidence for a brain in 

transition between childhood and adolescence that is maturing at different rates, 

resulting in temporary imbalances between the cognitive control and reward 

seeking neurocircuitry (Casey et al., 2008). 

Paralleling structural changes, behavioral and functional neuroimaging 

studies have provided tools to examine how cognitive abilities mature over the 

course of adolescence. For many cognitive abilities, including working memory, 

cognitive flexibility and response inhibition, linear trajectories of improvement with 

age are observed from childhood into adolescence (Best & Miller, 2010; 

Davidson, Amso, Anderson, & Diamond, 2006). Response inhibition on 

antisaccade tasks appears to be mature by early adolescence (Klein & Foerster, 

2001, Fukushima, Hatta, & Fukushima, 2000), with other cognitive functions 

reaching adult levels at later ages (Luna et al., 2004). Performance on Stroop 

(Adleman et al., 2002; Huizinga, Dolan, & van der Molen, 2006; Marsh, Zhu, 

Wang, Skudlarski, & Peterson, 2007) and go/nogo tasks (Eigsti et al., 2006; 

Hooper, Luciana, Conklin, & Yarger, 2004) shows improve throughout 

adolescence into early adulthood when non-emotional stimuli are used. Some 

studies have found age-related improvements in cognitive performance to be 

accompanied by increased recruitment of neural circuitry on fMRI (Adleman et 

al., 2002; Marsh et al., 2007), implicating this activity in more effectively 

supporting self-control. Other studies showing behavioral improvements in 

inhibitory control have found that younger participants show greater and 

recruitment in more diffuse neural systems than adults on successful task 

performance (Casey, Giedd, & Thomas, 2000; Durston et al., 2002, 2006; Rubia 

et al., 2013), suggesting more efficient engagement of these neural systems with 
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increasing age (Brown et al., 2005; Wartenburger, Heekeren, Preusse, Kramer, 

& Meer, 2009). These different findings may be related to the experimental 

paradigm used (Stroop vs go/nogo), differences in analyses (correct vs incorrect 

trials) or may reflect a shift in which neural networks are used for successful 

cognitive control. Notably, increased functional connectivity between brain 

regions may relate to improvements in the ability to exert top-down control 

(Hwang, Velanova, & Luna, 2010) suggesting a more efficiently connected brain 

develops over adolescence.  

In contrast, to these linear improvements in performance with age on 

simple cognitive tasks, “hot” tasks involving stimuli, outcomes or decisions that 

are motivationally salient show a protracted improvement with age (Prencipe et 

al., 2011; Tottenham, Hare, & Casey, 2011). Adolescents have difficulty ignoring 

emotional stimuli that are irrelevant to task performance (Grose-fifer et al., 2013), 

and make more uninhibited approaches to positive social cues paralleled by 

increased activity in the ventral striatum (Somerville et al., 2011). Changes in 

behavioral proclivities and neural architectures during this period may to explain 

their poor performance on emotionally charged tasks. A heightened sensitivity to 

reward appears to underlie greater approach behavior on gambling tasks 

(Cauffman et al., 2010; D. G. Smith, Xiao, & Bechara, 2012). Adolescents also 

change their behavior when rewards are involved, slowing responses on decision 

making tasks and recruiting increased fronto-parietal circuitry (Teslovich, Mulder, 

et al., 2014), suggesting that they are able to modify behavior in the face of 

potential gains. Decreased neural response to losses in the amygdala (Ernst et 

al., 2005), and hyperresponsiveness of the ventral striatum to rewards among 

adolescent humans (Ernst et al., 2006; Galvan, 2010; Galvan et al., 2006; Geier, 

Terwilliger, Teslovich, Velanova, & Luna, 2010; Van Leijenhorst, Moor, et al., 
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2010) and rats (Laviola, Macrì, Morley-Fletcher, & Adriani, 2003) may explain a 

decreased response to aversive stimuli and events and heightened sensation 

seeking. The amygdala, which responds to negative faces and scenes on fMRI 

(Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002; Pessoa, Mckenna, 

Gutierrez, & Ungerleider, 2002), shows increased activation to negative stimuli 

among teens (Hare et al., 2008; Monk et al., 2003). Approach behavior toward 

emotional stimuli in adolescence appears to be driven by increased activation in 

both of amygdala and ventral striatum, and regulated by prefrontal activity (Hare 

et al., 2008; Somerville et al., 2011). The sensitivity of this circuitry to rewards 

and emotional cues during this stage has been explained to underlie the 

heightened impulsive and reward sensitive behavior during this developmental 

stage (Hare et al., 2008; Somerville et al., 2011; Van Leijenhorst, Moor, et al., 

2010). Beyond acute emotional cues, a recent study implemented a task 

dissociating the impact of acute and sustained emotional influences on the 

development of cognitive control from adolescence into adulthood (Cohen, 

Breiner, et al., 2016). Sustained negative emotions resulted in impaired cognitive 

control in adolescents relative to adults and increased recruitment of 

ventromedial PFC, suggesting a heightened sensitivity to threat which may 

interfere with behavioral control during this developmental stage. Activity in 

region showed decreased functional coupling with frontal and parietal regions 

among adolescent participants, implicating changes in a network involved in 

emotional and cognitive control during this time. 

Dynamic changes in the connectivity between cortical and subcortical 

structures, and between subcortical regions is also important to examine as 

underlying behavioral proclivities specific to this age group (Casey, 2015). 

Response inhibition also involves a shift from connectivity between dorsal and 
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ventral striata during adolescence to connectivity between the right IFG and the 

dorsal striatum (Somerville et al., 2011). Activity of the amygdala is functionally 

coupled with the ventral striatum from early in development (Fareri et al., 2015), 

but exhibits dynamic changes in connectivity with cortical structure and the 

hippocampus over the course of development (Fareri et al., 2015; Gabard-

Durnam et al., 2014), which has implications in emotion regulation (Gee et al., 

2013; Perlman & Pelphrey, 2011). Structural connectivity of amygdala-cortical 

connections predicts amygdala response to negative emotional stimuli, which is 

moderated with age (Swartz, Carrasco, Wiggins, Thomason, & Monk, 2014). 

Changes in cognitive and emotional brain circuitry during adolescence parallel a 

heightened susceptibility for poor self-control. 

In summary, adolescence is a period of heightened risk taking during 

which behavioral and psychological patterns are established. This developmental 

stage is a peak period for the for the development of psychiatric disorders 

(Kessler et al., 2005). Adolescence and early adulthood are also a peak period 

and disorders that arise during this period are typically more resistant to 

treatment (Lee et al., 2014). Understanding what about the adolescent brain 

drives unnecessary risk taking and contributes to the development of these 

disorders is therefore particularly valuable for developing better preventions and 

treatments.  

 

Individual differences in self-control 

From an early age, some individuals show a willingness to withhold 

approaching an appetizing food reward to obtain a delayed but larger reward, 

while others have a tendency to prefer the immediate but smaller reward 

(Mischel, Shoda, & Rodriguez, 1989). These high and low delayers differ in their 
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capacity to suppress the desire to eat temporarily in favor of a more rewarding 

long-term outcome. Examining which individuals are able implement this kind of 

self-control is valuable in understanding real-life outcomes. Self-control predicts 

better emotional adjustment, more stable relationships (Tangney, Baumeister, & 

Boone, 2004), and better performance in school (Duckworth & Seligman, 2012). 

Individuals who are less impulsive are less likely to abuse alcohol and engage in 

risky sexual practices (Quinn & Fromme, 2010). Excessive impulsivity can also 

be a predisposing factor for developing psychiatric disorders, including binge 

eating behaviors (Claes, Vandereycken, & Vertommen, 2005; Dawe & Loxton, 

2004; Kane, Loxton, Staiger, & Dawe, 2004; Kemps & Wilsdon, 2010). In a study 

following up on individuals who were low and high delayers as children 40 years 

later as adults, individuals who were low delayers as children were found to 

exhibit poor impulse control specifically toward positive cues as adults, 

suggesting that impulse control toward appetitive stimuli is relatively stable over 

an individual’s lifetime (Casey et al., 2011). Furthermore, relative to high 

delayers, individuals who were low delayers as children showed heightened 

recruitment of IFG and ventral striatum on fMRI when successfully inhibiting 

responses to positive cues, implicating inefficient recruitment of control circuitry 

and a highly reactive motivational response as underlying poor self-control 

toward positive stimuli (Casey et al., 2011). These results underscore the 

importance of examining self-control and its underlying neurocircuitry through a 

lens of individual differences (Casey & Caudle, 2013). 

Examining self-control over eating behavior has provided an 

understanding of why some individuals are more susceptible to give into food 

temptations than others. Appropriate drive toward food is necessary to seek out 

food for calories and nutrition, but unrestrained eating in the context of a high 
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availability of energy dense foods can lead to poor health consequence and 

undesired weight gain. Individual differences can predict susceptibility to overeat 

and related health consequences. Sensitivity to reward correlates with BMI 

(Franken & Muris, 2005), and is greater in obese than non-obese individuals 

(Nederkoorn, Smulders, Havermans, & Jansen, 2004). Impulsivity relates to food 

intake (Guerrieri et al., 2007; Kane et al., 2004; Nasser, Gluck, & Geliebter, 

2004), and is also elevated in obesity (Nederkoorn et al., 2004; Rydén et al., 

2003). Restrained eaters are particularly susceptible to overeat (Fedoroff, Polivy, 

& Herman, 1997), particularly when they are also are also poor inhibitors (Jansen 

et al., 2009). Hunger, as well, elicits faster (Meule, Lutz, Vögele, & Kübler, 2014) 

and more uninhibited reactions toward food cues (Loeber, Grosshans, Herpertz, 

Kiefer, & Herpertz, 2013), highlighting the importance of understanding the 

influence of internal states on self-control and eating behavior.  

Neuroimaging studies have revealed how brain responses to food cues 

vary between individuals and between internal states in ways that relate to 

behavior. The response to food cues on fMRI in gustatory and reward regions 

including the ventral striatum, amygdala and OFC is elevated in individuals with 

greater reward drive (Beaver et al., 2006), in hungry individuals (Goldstone et al., 

2009; Siep et al., 2009) and among obese participants toward high calorie foods 

(Stoeckel et al., 2008). Functional connectivity between ventral striatum, 

amygdala, anterior cingulate and premotor cortex has also been found to vary 

with individual sensitivity to food cues (Passamonti et al., 2009), suggesting that 

the networks involved in self-control and drive toward food cues change with 

reward sensitivity. Differences in responses in cortical and subcortical regions 

have been found to relate to dieting success. Activity on viewing food cues in the 

ventral striatum and OFC have been shown to predict future weight gain (Demos, 
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Kelley, & Heatherton, 2011; Yokum, Ng, & Stice, 2011). Dietary restraint has 

been shown to correlate positively with activation in the dorsal PFC, but 

negatively with OFC (DelParigi et al., 2007). Dorsolateral PFC activity has further 

been shown to be greater to in participants who exhibit greater self-control 

toward food cues than participants who showed poorer self-control. Across 

groups, activity in this region was found to relate with successful self-control 

toward food cues by modulating value signals in the ventromedial PFC (Hare, 

Camerer, & Rangel, 2009). These networks can relate to behavioral outcomes as 

well. Elevated neural response toward food in the PFC have been shown to 

predict the likelihood of giving into food temptations in a way that is mediated by 

ventral striatum has been found to predicts (Lopez et al., 2014). These studies 

have provided a framework of interacting frontal and subcortical circuitry that 

underlies successful and unsuccessful self-control of eating behavior. 

Dietary restraint is typically impaired under negative emotions, with dieters 

more frequently failing to exhibit self-control under stress (Heatherton, Herman, & 

Polivy, 1991; Vohs & Heatherton, 2000). Negative emotions may shift the 

balance from regulating behavior and giving in to immediate rewards, 

predisposing some individuals to exhibit increased failures in impulse control 

(Heatherton & Wagner, 2011). Stress can increase cravings and attention toward 

food cues (Hepworth, Mogg, Brignell, & Bradley, 2010), and predispose 

individuals to make unhealthy food choices (O’Connor, Jones, Conner, McMillan, 

& Ferguson, 2008; D. a Zellner et al., 2006). Dieters are particularly likely to 

experience food cravings and consume more when experiencing negative 

emotions (Cools, Schotte, & McNally, 1992; Frost, Goolkasian, Ely, & Blanchard, 

1982; Greeno & Wing, 1994; Heatherton et al., 1991; Heatherton, Herman, & 

Polivy, 1992; Herman & Mack, 1975; Schotte, Cools, & McNally, 1990). Negative 



	 15	

emotions may therefore predispose individuals who are trying to exhibit self-

control to more frequent impulse control failures. Indeed, individuals who report 

higher tendencies for restrained or emotional eating behavior are particularly 

likely to overeat when experiencing negative emotions (Epel et al., 2001; Oliver 

et al., 2000; Wallis and Hetherington, 2004; Yeomans and Coughlan, 2009), 

while others may respond to negative affect by restricting food intake (Macht, 

2008), underscoring the importance of examining changes in eating behavior 

under emotional influences through a lens of individual differences. Self-report 

measures including the emotional eating scale (Arnow, Kenardy, & Agras, 1995) 

have provided tools to measure how individual differences in the susceptibility to 

feel an urge to eat under specific negative emotions relate to the ability to exert 

self-control. The anxiety subscale of the EES in particular has been shown to 

predict increased food consumption among in healthy individuals after negative 

mood induction (Schneider et al., 2012), and poor impulse control (Waller & 

Osman, 1998). 

Negative emotions and stressors also modulate the neural circuitry 

implicated in behavioral regulation and reward drive, tipping the balance in favor 

of more unregulated approach behavior. Stress impairs function of the PFC 

(Arnsten, 2009), while glucocorticoid release sensitizes the reward system to 

dopamine release by drugs of abuse and food (Adam & Epel, 2007; Covington & 

Miczek, 2005; Deroche et al., 1995; Piazza & Le Moal, 1998; Sinha, 2001), as 

well as the cues that predict them (Peciña, Schulkin, & Berridge, 2006). Under 

stress, dieters show increased activity in the OFC and ventral striatum on fMRI, 

correlate with subjective experience of stress (Wagner, Boswell, Kelley, & 

Heatherton, 2012). Sensitization of these regions under negative emotions 
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therefore provides a neurobiological basis for increased and unregulated 

approach behavior toward food rewards. 

 

Bulimia nervosa and self-control  

 Eating disorders affect over 24 million people in the US alone (Fairburn & 

Harrison, 2003), and have the highest mortality rates of any mental illness (Crow 

et al., 2009). Bulimia nervosa (BN) is an eating disorder characterized in part by 

a loss of control over eating behavior resulting in episodes of binge eating 

(American Psychiatric Association, 2013). Like many psychiatric conditions 

(Ronald C. Kessler et al., 2005), BN symptoms typically emerge during 

adolescence. Binge eating behaviors typically begin during mid-adolescence 

(Stice et al., 1998), with diagnosis for BN reaching its peak in the late teen years 

(Hudson, Hiripi, Pope, & Kessler, 2007). Patients with BN are typically 

dissatisfied with their body image (Mohr et al., 2011), and attempt to restrict food 

intake to manage their weight (Davis, Garner, & Freeman, 1988). After periods of 

restriction, their self-control mechanisms fail resulting in these characteristic 

binge episodes. Understanding what drives their failure to exhibit self-control is a 

key to knowing how to prevent these behaviors from developing and providing 

appropriate treatments. Explanations have typically posited that an increased 

sensitivity to food cues (Jansen, 1998), an imbalance between insufficient 

inhibitory control and enhanced reward drive (Dawe & Loxton, 2004; Wierenga et 

al., 2014), and an intolerance of negative emotions (Abraham & Beumont, 1982; 

Heatherton & Baumeister, 1991) are central to binge eating behavior in BN.  

 Patients with BN typically report less behavioral inhibition (Claes et al., 

2005), and an increased sensitivity for rewards (Frank, Reynolds, Shott, & 

O’Reilly, 2011; Harrison, O’Brien, Lopez, & Treasure, 2010) than healthy 
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participants on self-report measures. Laboratory studies probing behavior among 

patients with BN have revealed comparable results. A recent meta-analysis of 

such studies of showed an small effect for impairment in inhibitory control in 

patients with BN relative to controls (Wu, Hartmann, Skunde, Herzog, & 

Friederich, 2013). This effect size increased when stimuli involved food or body 

imagery (Wu et al., 2013), indicating that “disease-specific” cues are more salient 

and harder to control responses to for this patient group. Patients with BN show 

poor performance on the Iowa Gambling Task (Boeka & Lokken, 2006; Liao et 

al., 2009), suggesting a preference for immediate gratification and greater reward 

sensitivity. A combination of diminished self-control and greater seeking of 

rewards may underlie binge eating tendencies in BN (Wierenga et al., 2014). 

Exhibiting self-control may be a more inefficient or costly process for this 

patient population. On a go/nogo task, patients with BN showed increased 

recruitment of frontal control circuitry during successful response inhibition (Lock, 

Garrett, Beenhakker, & Reiss, 2011), suggesting an inefficiency to engaging 

inhibitory control networks. In contrast, fontal circuitry showed reduced activation 

during more automatic responding (Marsh et al., 2011). Abnormalities of 

frontostriatal systems involved in moderating reward driven behavior may thus 

underlie a tendency to see binge eating as rewarding and experience lapses in 

control over eating behavior (Berner & Marsh, 2014; A. Wagner et al., 2010). 

Neural systems involved in evaluating food reward may be altered in 

patients with BN, as well. Patients with BN typically show an elevated response 

in the insula and ACC on viewing images of food compared to healthy 

participants (García-García et al., 2013; Schienle, Schäfer, Hermann, & Vaitl, 

2009), although one study showed relatively decreased recruitment of the insula 

among patients with BN (Brooks et al., 2011). Patients with BN display greater 
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functional connectivity between the insula and OFC when viewing images of food 

(Kim, Ku, Lee, Lee, & Jung, 2012), which may underlie a sensitivity for these 

cues. In contrast, patients with BN show a reduced response to the anticipation 

and receipt of food rewards in the amygdala, insula and OFC (Bohon & Stice, 

2011; G. K. W. Frank et al., 2011), which is enhanced by negative emotions 

(Bohon & Stice, 2012). This hyporesponsiveness of the reward circuitry may 

drive patients with BN to seek out food rewards to compensate for a decreased 

reward response on food intake (Bohon & Stice, 2011). 

Binge eating episodes in BN are particularly likely to occur under negative 

emotions. Increasing negative affect is typically reported in the hours preceding 

binge episodes (Alpers & Tuschen-Caffier, 2001; Berg et al., 2013; Haedt-Matt & 

Keel, 2012; Smyth et al., 2007). BN is highly comorbid with mood disorders 

(Hudson et al., 2007), and patients with BN report rapid mood fluctuations 

(Johnson & Larson, 1982; Lavender & Anderson, 2010). Patients with BN are 

less accepting of their own emotions (Svaldi, Griepenstroh, Tuschen-Caffier, & 

Ehring, 2012), and have limited awareness of their internal emotional states (Sim 

& Zeman, 2004). With limited emotion regulation strategies (Brockmeyer et al., 

2014; Whiteside et al., 2007) patients with BN may be predisposed to engage in 

binge eating as a maladaptive coping mechanism (Abraham & Beumont, 1982; 

Vannucci et al., 2015), providing a temporary escape (Heatherton & Baumeister, 

1991) or relief from negative emotions (Spoor, Bekker, Van Strien, & van Heck, 

2007). Indeed, an elevated urge to act under negative emotions in combination 

with an expectancy that food will provide relief from negative feelings may 

underlie the development and maintenance of BN symptoms (Fischer, Peterson, 

& McCarthy, 2012; Pearson, Wonderlich, & Smith, 2015). It will be valuable, 
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therefore, to examining how food cues and negative emotions impact self-control 

behavior in BN to shed light on disordered eating in this patient population. 

 

The Current Thesis 

In this thesis, the goal is to further understand how the ability to regulate 

behavior and its underlying neural circuitry are impacted by varying emotions and 

cue types across development and in the specific case of BN. We implement a 

series of go/nogo tasks requiring participants to approach a frequent target (“go”) 

stimulus type and withhold responses from rare non-target (“nogo”) stimuli. This 

paradigm allows us to use erroneous responses on nogo trials, known as 

commission errors or false alarms, as a measure of inhibitory control failures, 

and D-prime (d’), a composite score of performance across go and nogo trials, as 

a measure of task performance across changing task demands, referred to as 

cognitive control (Cohen, Breiner, et al., 2016; Cohen, Dellarco, et al., 2016). By 

manipulating the content of the stimuli presented as well as the emotional state 

of the participant, we can use these measures to examine how age and 

diagnostic group relate to performance on this task. To test how acute emotions 

affect self-control, we implement an emotional go/nogo paradigm (Hare, 

Tottenham, Davidson, Glover, & Casey, 2005) under fMRI, where stimuli vary 

between faces with calm, fear and happy expressions to examine the impact of 

acute emotions on inhibitory control. We then use a modified version of this task, 

the cognitive control under emotions (CCUE) task (Cohen, Dellarco, et al., 2016) 

during which participants perform the task under alternating sustained positive, 

negative and neutral emotional states. This task allows us to dissociate the 

impact of sustained and acute emotions on cognitive control, and is performed 

with fMRI. The third task is a novel go/nogo paradigm contrasting food and non-



	 20	

food stimuli during these same sustained emotional states. By comparing 

performance on these task across a sample of healthy controls (HCs) and 

patients with BN we are able to examine how varying emotions and cues impact 

performance from late adolescence into early adulthood. This task is then 

implemented in the fMRI scanner on a group of healthy participants, allowing for 

the examination of underlying neural circuitry implicated in task performance.  

This thesis addresses three questions. In Chapter 2, “Teens Impulsively 

React rather than Retreat from Threat,” (Dreyfuss et al., 2014, Developmental 

Neuroscience), we examine if cues of potential threat impact self-control and it’s 

underlying neural circuitry differently in adolescents relative to adults and 

children. In Chapter 3, “Patients with Bulimia Nervosa show Diminished 

Neurodevelopment of Cognitive Control Under Emotional” (Dreyfuss et al., 

under review), we examine if emotional states, brief and prolonged, differentially 

impact cognitive control in patients with BN and non-eating disordered individuals 

in late adolescence to adulthood. In Chapter 4, “Food Cues and Negative 

Affect Differentially Predict Impulsivity in Typical and Atypical Eating 

Behaviors,” (Dreyfuss et al., under review), we examine if the capacity for self-

control toward food cues is diminished under emotional states in patients with BN 

relative to healthy individuals, and if this capacity relates to real-life reports of 

emotional eating behavior. Chapter 5, “Developmental and Diagnostic 

Differences – Conclusions and Implications for Psychiatric Outcomes” 

provides a synthesis of the findings across these studies and a discussion of 

recent findings on circuit development, function and connectivity that may further 

constrain the conclusions. Finally, we examine limitations of these studies and 

explore potential future directions for understanding inhibitory and cognitive 

control across development and psychopathology. 
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Chapter 2: Teens Impulsively React rather than Retreat from Threat 

 

Introduction 

Adolescents commit more crimes per capita than children or adults in the 

United States (Snyder, 2012) and in nearly all industrialized cultures 

(Steffensmeier & Allan, 2016).  Their proclivity toward incentives (Somerville et 

al., 2011) and risk taking (Chein, Albert, O’Brien, Uckert, & Steinberg, 2011) has 

been suggested to underlie the inflection in criminal activity observed during this 

time.  Yet adolescents are better in reasoning and decision-making abilities than 

children (Reyna & Rivers, 2008) and show less risk taking than adults when 

outcomes are certain (Tymula et al., 2012).  Heightened sensitivity to incentives 

and risk taking are only part of the equation, as criminal behaviors often involve 

threatening situations.  What happens when adolescents are confronted with a 

dangerous or threatening situation?  Do they retreat or do they react impulsively?  

The current study tests whether adolescents are more impulsive than adults or 

children when there is a potential threat using a measure of impulsivity in 

combination with cues that signal threat (e.g., a frightened face) relative to 

neutral ones (neutral expressions).  

The fight-or-flight response is a physiological reaction to perceived threat 

(LeDoux, 1998).  Fearful faces are a reliable indicator of threat in the immediate 

environment (F. C. Davis et al., 2011), evoking a well-defined neural response 

(Sagaspe, Schwartz, & Vuilleumier, 2011; Whalen et al., 1998). Negatively 

valenced stimuli such as fearful faces generally inhibit behavior, slowing 

response times and inhibiting motor responses in various tasks (Cohen-Gilbert & 

Thomas, 2013; Macleod, 1991; Simpson et al., 2000). Adolescents, however, 

show difficulty suppressing attention and actions toward emotional stimuli even 
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when irrelevant to the task at hand (Casey et al., 2008; Grose-fifer et al., 2013). 

This relative lack of cognitive control in the presence of emotional and 

motivational cues may underlie the behavioral risks that are characteristic of 

adolescence (Steinberg, 2008).   

Prior work suggests that diminished self-control during adolescence may 

result from competition between limbic and control circuitry (Casey et al., 2008; 

Ernst, Romeo, & Andersen, 2009; Steinberg, 2008). A combination of evidence 

from human imaging (Casey et al., 2011; Chugani, Phelps, & Mazziotta, 1987; 

Galvan et al., 2006; Gogtay et al., 2004; Sowell, Thompson, Holmes, Jernigan, & 

Toga, 1999), postmortem (Huttenlocher, 1979), and animal (J. Bourgeois & 

Goldman-rakic, 1994; Rakic, Bourgeois, & Goldman-Rakic, 1994) studies of 

regional brain changes over the course of development indicate that limbic and 

prefrontal circuitry interact differentially across development (Hare et al., 2008). 

Specifically, limbic circuitry is thought to develop earlier than control circuitry as a 

result of evolutionary pressure and changes in gonad hormone levels that impact 

limbic structures. This developmental imbalance is suggested to result in a 

greater influence of limbic than prefrontal regions on behavior during 

adolescence. This pattern is in contrast to that observed in adulthood, when 

these circuits have matured or in childhood when they are still developing.  

The current study uses a measure of impulsivity in combination with cues 

that signal threat or safety (fearful or calm facial expressions) to assess 

developmental changes in emotional responses (i.e., avoidance, approach) to 

potential threat and their neurobiological bases.  First, we test for adolescent-

specific responses in brain and behavior when required to suppress responses to 

threat cues.  Second, we explore individual differences in brain activity 

associated with behavioral performance. Finally, we explore possible sex 

differences in behavior and brain responses to cues of potential threat.  
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Methods 

Subjects.  

Eighty participants between the ages of 6 and 27 were scanned using 

functional magnetic resonance imaging (fMRI). Data from 23 participants were 

excluded due to poor overall accuracy (n=9), too much head motion (>2mm 

translational or 2° rotational motion within a run, n=12), or technical problems 

n=2) resulting in data from 57 usable subjects (27 females) in all reported 

analyses.  Participants were grouped into child (aged 6–12 years, n=18, 10 

male), adolescent (aged 13– 17 years, n=19, 10 male), and adult (18 years or 

older, n=20, 10 male) age groups. All participants provided informed written 

consent (parental consent and subject assent for children and adolescents) 

approved by the Institutional Review Board of Weill Cornell Medical College. 

 

Behavioral Paradigm.  

Participants completed six runs of a go-nogo task (Hare et al., 2008; 

Somerville et al., 2011), using fearful, happy, and calm facial expressions as 

target (go) and non-target (no-go) stimuli (Figure 2.1A). Further experimental 

details can be found in previously published work (Hare et al., 2008) that focused 

on different experimental conditions and analyses than those reported here.   

Within each run, two types of facial emotions were presented, one serving as the 

target (go) stimulus, to which they were instructed to press a button, and the 

other serving as a non-target (nogo) stimulus, for which they were instructed to 

withhold a button press. Facial expressions were pseudorandomized across the 

run to control for presentation order, and all combinations of expression were 

used as both targets and non-targets, resulting in a 2 (Response: go, nogo) x 3 

(Emotion: fear, calm, happy) factorial design. Prior to each run, participants were 

instructed which expression served as the target (go) stimulus, and that they 
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should respond with a button press only to that expression. Participants were 

also instructed to respond as fast as possible but to try to avoid making errors.   

The present report focuses specifically on the analysis of fear nogo trials relative 

to calm nogo trials, which has not been previously examined or reported (Hare et 

al., 2008; Somerville et al., 2011).  

 
Figure 2.1. Development of impulse control to threat.  A) The 

emotional go/nogo task. B) False alarms (dark gray line) to fear relative to calm 
nogo trials show an adolescent specific pattern of more commission errors for 
adolescents than either children (t (35)= 2.79, p < .009) or adults (: t (37)= 2.30, p 
< .03).  

 

Image Acquisition 

Participants were scanned with a General Electric Signa 3.0-T fMRI 

scanner (General Electric Medical Systems, Milwaukee, WI) and quadrature 

head coil. A high-resolution, T1-weighted anatomical scan (256 X 256 in-plane 

resolution, 240-mm field of view [FOV], 124 1.5-mm slices) was acquired for 

each subject for transformation and localization of data to Talairach grid space. A 

spiral in and out sequence (Glover & Thomason, 2004) was used to acquire 
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functional imaging data (repetition time = 2500 msec, echo time = 30 msec, FOV 

= 200 mm, flip angle = 90, skip 0, 64 X 64 matrix). Thirty-four 4-mm-thick coronal 

slices (3.125 X3.125 mm resolution) covering the entire brain except for the 

posterior portion of the occipital lobe were acquired per repetition time. 

 

Behavioral Analysis 

Behavioral data from the emotional go/nogo task were analyzed for false 

alarms (incorrect presses to a “nogo” stimulus) to fear and calm cues.  Errors 

were calculated as a difference score between errors to fear nontargets relative 

to calm nontargets to isolate the effects of negative valence from overall error 

rate. Error rates were compared between age groups (children, adolescents and 

adults). A positive value represents a greater proportion of errors to nontarget 

fear faces than calm faces, while a negative value represents the inverse.  Mean 

reaction times and hit rates have been reported elsewhere (Hare et al., 2008). A 

two-way ANOVA was performed with age group and sex as the between-subject 

variables and a difference score between errors to fear nontargets and errors to 

calm nontargets as the dependent variable of interest.  

 

Imaging Analysis 

Imaging data processing and analyses were performed using Analysis of 

Functional Neuroimages (AFNI) software (Cox, 1996).  Functional imaging data 

were slice-time corrected, realigned within and across runs to correct for head 

movement, co-registered with each participant’s high-resolution anatomical scan, 

scaled to percent signal change units, and smoothed with a 6mm FWHM 

Gaussian kernel. A general linear model analysis was performed on each subject 

to characterize task effects with task regressors (calm–go, calm–nogo, happy–

go, happy–nogo, fear–go, fear–nogo, errors), convolved with a gamma-variate 
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hemodynamic response function. Separate regressors were created for correct 

go and nogo trials, broken down by emotion (errors were grouped and modeled 

separately with insufficient numbers to analyze separately). Only correct fear and 

calm trials were considered of interest and included in the second-level analysis.  

We modeled the effects of response (go versus nogo), age group (child, 

adolescent, or adult), and emotion (fear or calm) on brain activity using a linear 

mixed-effects model (G. Chen, Saad, Britton, Pine, & Cox, 2013). Parameter 

estimate (β) maps representing task effects were then transformed into the 

standard coordinate space of Talairach and Tournoux (1988) by applying the 

warping parameters obtained from the transformation of each subject’s high-

resolution anatomical scan. Talairach transformed parameter estimate maps 

were resampled to a resolution of 3 X 3 X 3mm. A group linear mixed effects 

model was performed to identify functional regions of interest (ROIs) implicated 

in the interaction of response, age group and emotion. Imaging findings 

considered statistically significant exceeded whole-brain correction for multiple 

comparisons to preserve an alpha < .05 by using a p value/cluster size 

combination stipulated by Monte Carlo simulations run in the Alphasim program 

within AFNI. Off-line analyses were conducted in SPSS Statistics 17.0 software 

(SPSS, Chicago, IL). Beta values were extracted from whole brain corrected 

ROIs (drawing a 5mm sphere around the peak voxel in each region) and 

submitted to offline analyses with SPSS (Van Leijenhorst, Zanolie, et al., 2010). 

 

Control Analyses 

As task performance was significantly different between age groups, a 

second set of analyses was conducted to verify that the developmental effects 

found were not due to lower-level aspects of the data. A second set of first-level 

GLMs were estimated in which number of correct trials were equated for all 
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participants across conditions (fear-go, fear-nogo, calm-go, calm-nogo), using 

the lowest mean number of correct trials of all age groups (calm nogo trials in 

children; mean = 17). New regressors were generated by randomly selecting 17 

trials per condition for inclusion. All other trials were modeled as separate 

regressors that were not further examined. Beta values were extracted from the 

17-trial regressors using the previously defined ROIs, tested for replication, and 

reported in Results. 

 

Results 

Behavioral Results 

The two-way ANOVA showed a main effect of age group for false alarms to Fear 

relative to Calm nontargets, (F(2,59) = 8.58, p < 0.001), but no main effect of sex 

(F (1 ,51) = .05, p > .85) or interaction with sex (F (2,51) = .27, p > .77). Post hoc t-

tests showed that adolescents made more false alarms to fear nontargets in 

comparison to calm nontargets than either children (t (35) = 2.79, p < .009) or 

adults (t (37) = 2.30, p < .03) (Figure 2.1B) 

. 

Imaging Results 

The whole-brain age group x response x emotion GLM revealed seven 

regions of interest (see Table 2.1). Given the behavioral results, the primary 

regions of interest were those that showed an adolescent specific pattern (i.e., 

greater activity for adolescents relative to children and adults) to fear nontargets 

relative to calm targets. Two regions showed this pattern: the orbitofrontal cortex 

and medial prefrontal cortex (Figure 2.2). The striatum showed a similar 

developmental pattern but post hoc tests between age groups did not reach 

significance (adolescents vs. children: p =.09 and adolescents vs. adults: p =.11). 

Three other regions showed significant age effects for correct fear nogo trials 
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relative to calm nogo trials.  These regions, of the right inferior frontal, right 

anterior cingulate and left premotor cortices (Figure 2.2), showed an adolescent 

emergent pattern (i.e., greater activity for adolescents and adults relative to 

children). When controlling for performance differences between age groups by 

using matched number of trials between age groups (n=17), only the orbitofrontal 

cortex continued to show the adolescent specific task x age findings previously 

observed (adolescents vs children: t (35) = 2.74, p < 0.01 and adolescents vs. 

adults: t (37) = 2.27, p < 0.03).  

 

Sex Differences. 

We performed exploratory analyses to test for sex differences within the 

three adolescent-specific findings (i.e., false alarm rates and OFC and mPFC 

activity to threat nontargets relative to calm nontargets). These exploratory 

analyses revealed that males rather than females appeared to be driving the 

inflection in false alarms to threat nontargets during adolescence (Figure 2.3A).  

Independent t-tests revealed that in males, adolescents made more false alarms 

than children (t (18)= 2.28, p < .04) or adults ((t (18)= 2.96, p < .009) and showed a 

similar pattern in the activation of the OFC, a region implicated in regulation of 

approach-related behavior (adolescents vs. children: t (18)= 2.31, p < .04; 

adolescents vs. adults: t (18)= 2.39, p < .03, Figure 2.3B). 

In contrast, the female age groups did not differ from one another in 

performance (children vs. adolescents: p =.44 and adolescents vs.  adults: 

p=.07) or in OFC activity (children vs. adolescents: p =.19 and adolescents vs.  

adults: p=.76).  Rather, adolescent females showed greater activity in the mPFC, 

a region implicated in regulation of avoidance related behavior (Figure 2.3C, 

children vs. adolescents t (15) = 2.53, p < .03; and adolescents vs. adults ((t (17) = 
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2.65, p < .02). Males did not differ across age groups in this region (children vs. 

adolescents: p =.79 and adolescents vs.  adults: p=.26). 

 

 
Table 2.1. Regions of interest for the interaction of age group X emotion X 
response type * 

 No. Voxels Region 
Brodmann’s  

Area 

Coordinates 

(Peak) 
F-value 

193 R IFG 45 (32 17 18) 8.41 

104 L OFC 11 (-38 41 -7) 8.86 

78 L mPFC 9 (-8 53 24) 7.95 

72 L Premotor 6 (-41 2 7) 8.68 

58 L Striatum  (-20 8 -10) 6.59 

56 L Motor/Premotor 4, 6 (-14 -8 63) 7.74 

51 R ACC 32 (11 2 45) 6.86 

* Whole-brain corrected (p=0.01, 47 voxels) 
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Figure 2.2. Adolescent-specific and adolescent-emergent brain 
regions.  Representative axial images and beta weights for those regions 
showing an age effect on fear nogo trials relative to calm ones from the whole 
brain corrected Age (3) X Response (2) X emotion (2) interaction. An adolescent-
specific effect on correct fear relative to calm nogo trials was found in contrasts 
between adolescents relative to children and adults together in the left 
orbitofrontal cortex (LOFC; t (43) = 3.11, p < .003) and left medial prefrontal cortex 
(LmPFC; t (31.06) = 2.70, p < .02) Adolescent-emergent effects were found in 
activation contrasts children relative to adolescents and adults together on 
correct fear relative to calm nogo trials (adolescent emergent) in the right inferior 
frontal gyrus (RIFG; t (29.15) = 2.35, p < .03), right anterior cingulate cortex (RACC; 
t (39.65) = 2.72, p < .01), and left premotor cortex (t (29.89) = 2.04, p < .05). 
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Figure 2.3. Sex Differences in behavior and limbic activity by age 
group.  A) Difference score in number of false alarms to fear nogo trials relative 
to calm nogo trials by age group and sex; B) Beta weights for orbitofrontal cortex 
(OFC) to correct fear nogo trials relative to calm nogo trials by age group and 
sex; and C) Beta weights for mPFC to correct fear nogo trials relative to calm 
nogo trials by age group and sex. 

 

Discussion 

Prior research has focused almost exclusively on how incentives and 

positive social cues lead to impulsive decisions during adolescence to help 

explain inflections in risk taking and criminal behavior during this period (Galvan 

et al., 2006; Somerville et al., 2011; Van Leijenhorst, Zanolie, et al., 2010). The 

current study examined the effect of threat cues on impulse control and the 

underlying neural circuitry in adolescents.  We found that just as positive cues 

can lead to more impulsive responses by adolescents relative to children and 

adults (Somerville et al., 2011), so too can threat cues.  This adolescent-specific 

inflection in false alarms to threat cues was paralleled by marked increases in 

limbic prefrontal (orbitofrontal and medial prefrontal) regions, implicated in 

regulating emotional and behavioral responses, particularly in the case of threat-

related stimuli.  

In contrast to the adolescent specific effects in limbic prefrontal regions, 

prefrontal control circuitry implicated in detecting and resolving conflict between 



	 32	

two competing responses showed an adolescent emergent pattern (Botvinick, 

Nystrom, Fissell, Carter, & Cohen, 1999; Casey, Thomas, et al., 2000). 

Specifically, activity in right inferior frontal gyrus and anterior cingulate cortex 

increased from childhood to adolescence and then plateaued. These findings are 

consistent with developmental studies showing that the ability to ignore irrelevant 

information on cognitive tests like the flanker and go-nogo tasks reaches maturity 

levels by roughly adolescence (Casey, Thomas, et al., 2000; Enns & Cameron, 

1987; Grose-fifer et al., 2013; Passler, Isaac, & Hynd, 1985; Ridderinkhof, van 

der Molen, Band, & Bashore, 1997). 

Adolescents’ difficulty in suppressing attention and actions specifically 

toward negatively valenced information in the current study is a pattern that is 

emerging in the developmental literature(Cohen-Gilbert & Thomas, 2013; Grose-

fifer et al., 2013). This diminished performance is not observed in tasks 

demanding suppression of attention or actions toward neutral information (Grose-

fifer et al., 2013; Somerville et al., 2011). Moreover, recent work suggests that 

adolescents’ actions may be disrupted more easily by negative than positive 

information (Cohen-Gilbert & Thomas, 2013). Together these findings suggest 

that nonlinear changes in behavior and limbic circuitry during adolescence may 

coincide with a heightened sensitivity or pull by emotional cues resulting in the 

likelihood of approaching, rather than retreating, from potential threat. 

Theoretical and empirical accounts for this deflection in performance 

during adolescence fall along two lines of evidence. The first is evidence of 

regional brain development with lateral prefrontal cortex continuing to reach 

structural and functional maturity throughout the adolescent years , and the 

connections between subcortical and cortical structures continuing to strengthen 

(Asato et al., 2010; Liston et al., 2006). Given the role of the prefrontal cortex in 

the regulation of behavior, immature connections between it and subcortical 
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structures might reduce the capacity to exert cognitive control, particularly in 

emotionally salient contexts (Casey et al., 2008; Steinberg, 2008). The second 

line of evidence comes from neuroendocrinology studies, showing an influx of 

hormones during puberty, thought to sensitize functional properties of certain 

brain circuits (Ernst et al., 2009; Nelson, Leibenluft, McClure, & Pine, n.d.; Sisk & 

Zehr, 2005), potentially resulting in adolescent-specific enhanced signaling in 

regions, such as limbic circuitry, that are especially sensitive to hormonal 

changes. Thus the heightened recruitment of regulatory prefrontal circuitry when 

successfully suppressing attention to emotional cues may suggest an adolescent 

specific hyper-responsiveness to emotional cues that requires greater 

recruitment of regulatory regions. Together, these observations suggest that 

diminished regulation of sensitized limbic circuits may heighten the detection of, 

and response to, salient social cues during adolescence, even when irrelevant 

for goal-directed behavior.  

An elevated sensitivity or reaction to threat cues during adolescence may 

have important implications for understanding juvenile offenders who commit 

crimes when in danger or under heightened threat.  However, males rather than 

females commit the majority of juvenile crimes (D’Unger, Land, & McCall, 2002; 

Poe-Yamagata & Butts, 1996). So how might the adolescent specific behavioral 

and imaging findings relate to these observed sex differences?  Although there 

was no main effect of, or interaction with sex in the 2 factor ANOVA, exploratory 

independent t-tests revealed that males rather than females appeared to be 

driving the inflection in false alarms to threat cues during adolescence. 

Specifically, male adolescents made more false alarms than either male children 

or adults and showed a parallel activation pattern in the OFC, a region implicated 

in regulation of approach-related behavior.  In contrast, female adolescents did 

not significantly differ from female children or adults in their performance or in 
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activity in this region.   Rather, they showed greater activity in the mPFC, a 

region implicated in regulation of avoidance related behavior. Adolescent males 

did not significantly differ from children or adults in this region.  These exploratory 

results suggest a possible double dissociation between adolescent males and 

females in cortical limbic activity related to approaching and avoiding potential 

threat, respectively that warrants further investigation in a larger sample. 

The present study demonstrates that impulsive behavior during 

adolescence is as likely to occur in the presence of threats as rewards. We show 

that rather than retreating from threat cues, adolescents are more likely than 

children or adults to approach them. This developmental pattern is mirrored by 

adolescent-specific changes in limbic cortical circuitry implicated in detection and 

assignment of emotional value to inputs and in the subsequent regulation of 

responses to them (Blakemore, 2008; Nelson & Guyer, 2011; Roy, Shohamy, & 

Wager, 2012; Somerville et al., 2013). Clearly more research will be required to 

specify the impact of threat on adolescent behavior.  Nonetheless, these findings 

may have significant implications for policies related to treatment of juvenile 

offenders who commit their crimes under heightened threat. 
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Chapter 3: Patients with Bulimia Nervosa show Diminished 

Neurodevelopment of Cognitive Control Under Emotional 

 

Introduction 

The diagnosis of bulimia nervosa (BN) - characterized by episodes of 

binge eating followed by compensatory behaviors, most commonly purging (APA, 

2013) - emerges and peaks in late adolescence (Hudson et al., 2007). Binge 

eating may be conceptualized as a failure to maintain control over eating 

behavior following periods of restricted eating, often exhibited by patients with BN 

to manage their weight (R. J. Davis et al., 1988; P. J. Hay & Claudino, 2010). 

Binge eating and purging behaviors typically arise in the late teen years (Stice et 

al., 1998), a time when there is continued development in cognitive control 

capacity under emotional influences (Cohen et al., 2016a). This developmental 

period is also a time of continued development of prefrontal circuitry implicated in 

cognitive and emotional regulation (Gogtay et al., 2004; Silvers et al., 2016). Late 

adolescence and early adulthood may therefore provide a sensitive window of 

time for understanding the emergence and maintenance of lapses in self-control 

implicated in BN psychopathology.  

Loss of control over eating behavior in BN often occurs in response to 

negative emotions. Patients with BN show greater mood fluctuations (Johnson & 

Larson, 1982), poorer awareness of internal emotional states (Sim & Zeman, 

2004), less acceptance of their own emotions (Svaldi et al., 2012) and difficulty in 

mood regulation (Brockmeyer et al., 2014; Whiteside et al., 2007) relative to 

healthy controls (HCs). Ecological momentary assessment studies have revealed 

that negative affect, in particular, tends to increase prior to a binge episode (Berg 

et al., 2013; Haedt-Matt & Keel, 2012; Smyth et al., 2007). Negative urgency - 
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the tendency to act more impulsively when experiencing negative emotions - in 

addition to the expectancy that eating will diminish negative affect have both 

been associated with BN (Anestis, Smith, Fink, & Joiner, 2009; Hayaki, 2009) 

and binge eating behaviors (Fischer, Settles, Collins, Gunn, & Smith, 2012). 

Binge eating may therefore represent a maladaptive coping mechanism providing 

temporary relief from negative affect, together with a diminished self-control 

capacity when trying to restrict food intake (Abraham & Beumont, 1982; 

Heatherton & Baumeister, 1991).  

Cognitive control capacity has been tested in patients with BN using 

laboratory tasks such as the go/nogo, Stroop and stop signal tasks. These 

cognitive studies have produced mixed results, with a recent meta-analysis 

showing a small effect of decreased inhibitory control among patients relative to 

HCs (Wu et al., 2013). However, cognitive control tasks that include motivational 

cues such as food stimuli (Mobbs, Van der Linden, D’Acremont, & Perroud, 

2008) or monetary loss (Rosval et al., 2006) consistently show diminished self-

control in patients with BN. These findings suggest that loss of control in BN may 

be precipitated by reactivity to specific triggers and a sensitivity to rewards and 

punishments (Jansen, 1998), or an imbalance between reward drive and 

cognitive control capacity (Wierenga et al., 2014). A fundamental aspect of how 

individuals experience reward and punishment, especially during adolescence, is 

through their social interactions. Thus, patients with BN may be particularly 

sensitive to social cues (e.g., social and emotional facial expressions) associated 

with positive and negative outcomes.  

In the current study, we use the psychophysiologically validated Cognitive 

Control Under Emotions task (CCUE; Cohen, Dellarco, et al., 2016) together with 

fMRI to examine how cognitive control and neural processes change under social 
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and emotional influences from late adolescence into adulthood (18 to 33 years) 

in patients with BN relative to HCs. This task is a modified go/nogo task that 

measures the effects of brief vs. sustained negative and positive emotional states 

on cognitive control capacity. Prior findings from this task indicate that cognitive 

control, particularly under negative arousal, shows significant continued 

improvement from the late teen years into the mid-twenties paralleled by 

enhanced recruitment of prefrontal control circuitry (Cohen, Breiner, et al., 2016). 

In the current study, we chose an age range for patients and HC participants that 

would allow us to examine this late development of cognitive control capacity 

under socioemotional influences and at a time when the diagnosis of BN peaks 

(Hudson et al., 2007; Stice et al., 1998). We hypothesized that patients with BN 

would show diminished cognitive control under negative arousal relative to HCs. 

Given the emergence of BN in late adolescence, we predicted that patients with 

BN would show diminished improvement in cognitive control capacity with age 

compared to HCs, particularly under negative emotions. We expected these 

behavioral patterns would be paralleled by functional differences in prefrontal 

circuitry implicated in cognitive and emotion regulation.  

 

Methods 

Participants 

Fifty-two participants completed the study including 22 patients with BN 

(21 F, ages 18.4-32.8 years, M=25.11, SD=3.98) and 30 HCs (29 F, ages 18.4-

32.1 years, M=23.13, SD=3.38). Each group included one age-matched (24.1 

years-old) male. HCs were recruited from the community via flyers and street 

fairs, and screened for any personal history of psychiatric or neurologic illness at 

Weill Cornell Medical College. Twenty-seven of the HC participants were 

included in two previous studies using this paradigm (Cohen, Breiner, et al., 



	 38	

2016; Cohen, Dellarco, et al., 2016). The Eating Disorders Research Unit of New 

York State Psychiatric Institute/Columbia University Medical Center recruited 

patients with BN, and confirmed the diagnosis by clinical interview and the 

Structured Clinical Interview for DSM-IV-TR Axis I Disorders, Research Version, 

Patient Edition (First, Spitzer, Gibbon, & Williams, 2002). Patients were further 

evaluated by the Eating Disorders Examination (Edition 16.0D; Fairburn, Cooper, 

& Connor, 2008) for frequency of objective bulimic episodes (OBEs) over the 

preceding 28 days, defined by 1) a loss of control and 2) a large amount eaten. 

Inclusion criteria were a duration of diagnosis >3 months, engagement in purging 

via self-induced vomiting, and weight within 80%-160% of ideal body weight 

(Metropolitain Life Insurance Company, 1959). Exclusion criteria for all 

participants included any significant medical or neurologic illness, other major 

Axis I illness, left-handedness and pregnancy. Participants who were on stable 

doses of antidepressant medication for at least 1 month were not excluded, but 

participants taking other psychotropic medications were. In addition, all patients 

were screened for the presence of metal in the body. This study was approved 

by Institutional Review Boards at both sites, and all participants provided 

informed consent prior to participation. 

Experimental Task 

Participants completed six runs of the CCUE task. This adapted emotional 

go/nogo task consists of brief presentations of socioemotional cues of smiling 

(happy), fearful and calm (neutral) facial expressions. Participants are instructed 

to press to a specific target emotion (“go” trial) while withholding responses to 

other nontarget (“nogo”) emotions (Cohen et al., 2016b). The task consists of six 

runs representing each combination of emotional expression (neutral, fear, 

happy) as a go or a nogo stimulus. The order of runs was 

pseudocounterbalanced across participants. To induce sustained states of 
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emotional arousal, stimuli were superimposed on color backgrounds (teal, purple 

and yellow), and participants were informed that each color background indicated 

the possibility of a different outcome. Participants were instructed that an 

aversive noise (“negative” state) might occur at uncertain intensity and 

frequency, that a cash reward up to $100 (“positive” state) could occur of 

uncertain value or that nothing would occur (“neutral” state; Fig 3.1), and that 

these outcomes would not be related to task performance. The pairing of color 

background to the 3 different uncontrollable and unpredictable outcomes was 

counterbalanced across individuals. Each color background occurred twice for 

75-seconds during each run of the task. In reality, each individual heard the 

aversive noise and won a $20 reward exactly once during the task. The negative 

and positive emotional state manipulation has previously been shown to 

successfully induce a state of arousal relative to the neutral emotional state 

based on increased galvanic skin responses and self-report (Cohen, Dellarco, et 

al., 2016).  

 

 
 

 

Figure 3.1. Schematic of the Cognitive Control Under Emotion 
(CCUE) task. Participants were instructed to press to a target face emotion and 
withhold a response to nontarget emotions under different emotionally arousing 
states. Emotional states were indicated by different colored backgrounds, 
signaling the possibility that an aversive noise (negative state), cash reward 
(positive state) or no event (neutral state) would occur. 

Example Block  

Press 
to 

Calm 

Neutral State Positive State Negative State 
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The experimental task was presented using E-prime 1.0, and projected on 

a flat screen mounted behind the scanner bore, which was visible to participants 

via a small mirror placed above the 12-channel head coil. Participants were given 

a five-button response box and instructed to press the index finger button for go 

cues. Following task performance, participants were asked whether they 

expected the reward and the aversive noise during the appropriate color blocks 

(e.g. “Did you expect to win money more during the purple blocks than the blue 

or yellow blocks?”).  This self-report measure was recorded for only a subset of 

participants (17 patients and 22 HCs). 

 

fMRI Data Acquisition 

Whole-brain MRI data were acquired using a Siemens Magnetom Trio 3.0-

T scanner located at the Citigroup Biomedical Imaging Center at Weill Cornell 

Medical College. A high-resolution T1-weighted magnetization-prepared rapid-

acquisition gradient-echo sequence scan was acquired using BIRN optimized 

sequences (Jovicich et al., 2006; repetition time (TR)=2170 ms, echo time (TE)= 

4.33 ms, 256 mm field of view, 160 slices, 1.0 X 1.0 X 1.2 mm sagital slices). 

Functional images were acquired as 38 echo planar T2*-sensitive pulse 

sequences covering the full brain each 2500 ms TR (TE=30 ms, 200 mm field of 

view, 90˚ flip angle, 3.1 X 3.1 X 4.0 mm voxels).  

 

 

Behavioral analysis 

Behavioral data were extracted using Ruby 2.1.0, and analyses were 

conducted in R version 3.2.4 (R Core Team, 2013). Individual runs of the task 

were excluded if participants had a proportion of successful go trials (hit rate) 

below 70%, resulting in removal of 8 runs from 4 HC participants (range: 1-3 
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runs) and 11 runs from 3 patients (range: 1-5 runs) from analysis. 1 HC 

participant asked to be removed from the scanner before the final run, so only 

the 5 runs with usable data were included. Participants with fewer than 3 usable 

runs (2 patients with BN) and/or commission error rates greater than 2 SD above 

the mean (77.91%, 1 patient, 1 HC) were excluded from all analyses. In addition, 

data from 2 HCs were excluded due to excessive head motion, defined as >10% 

of time points censored for >1.56 mm translational or >1˚ rotational motion 

(Cohen, Breiner, et al., 2016; Cohen, Dellarco, et al., 2016). Forty-six participants 

were included in the final analyses, consisting of 19 patients with BN (18 F, mean 

age=25.15, SD=4.20) and 27 HCs (26 F, mean age=23.21, SD=3.46). 

The dependent variable, d-prime (d’), takes into account accuracy on both 

go and nogo trials, used as an index of  cognitive control across the changing 

task demands (Macmillan & Creelman, 2005). D-prime values were calculated as 

the normalized proportion of incorrect nogo trials (commission error rate) 

subtracted from the normalized hit rate. To test the hypothesis that patients with 

BN would show impaired cognitive control behavior toward negative cues and 

under negative emotional states, d’ values were entered into a linear mixed 

effects model using the lme4 package (Bates, Maechler, Bolker, & Walker, 2014) 

including fixed effects parameters for emotional state (neutral/negative/positive), 

emotional cue (neutral/fear/happy) and their interaction terms with diagnosis 

(HC/BN), as well as random effects for participants and random slopes for 

emotional cues to account for individual sensitivities to different cue types. A 

significant effect of a factor level or combination of factor levels allows rejection 

of the null hypothesis that the observed difference in d’ relative to the baseline 

levels of the neutral emotional state, neutral face cues and the HC group is due 

to chance. Subsequently, to test the hypothesis that patients with BN and HCs 

would show different behavioral trajectories with age, mean-centered age and 
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the interaction of age by diagnosis were entered into the model and examined as 

additional explanatory parameters of d’. This expanded model was compared to 

the baseline models using a χ² test. A p-value<0.05 on χ² test is taken to indicate 

that the LME with more explanatory parameters explains significantly more 

variance above and beyond the simpler model. If the parameters do not improve 

fit with the data, then the simpler model is preferred. To examine if the differential 

performance with age between patients with BN and HCs was specific to 

negative emotional cues or states two additional models were run including 

interactions of age by diagnosis by emotional cue and age by diagnosis by 

emotional state. These models were then compared for goodness of fit against 

the model including age by diagnosis.  

Self-report data on the believability of the negative and positive emotional 

arousal manipulations were analyzed by one sample t-tests against a response 

of 1 (“Not at all”) across all subjects. Independent samples t-tests between 

patient and HC groups were used to test group differences in believability of the 

positive and negative outcomes for each background color. 

 

fMRI analysis 

Preprocessing and modeling 

Preprocessing and analysis of functional imaging data was conducted in 

AFNI (Cox, 1996). Functional images were subject to slice-time correction, 

realigned to the initial functional acquisition, and coregistered by six-parameter 

rigid body transformation to the subject’s high-resolution T1 structural image. 

Normalization was subsequently performed to the MNI 152 1 mm T1 template 

with 12-parameter affine transformation and nonlinear transformations 

(3dQWarp). Functional images were then resampled to 3 mm isotropic voxel 

resolution. Signal was smoothed across voxels using a 6 mm FWHM Gaussian 
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kernel, and signal intensity in each voxel was normalized to percent signal 

change. 

General linear models (GLMs) were run with 16 distinct regressors: 6 

regressors for trials on which subjects correctly responded for each combination 

of emotional cue (neutral/happy/fear) by response type (go/nogo), 3 regressors 

for sustained emotional states (neutral/positive/negative), 1 regressor for all trials 

on which subjects failed to respond correctly and 6 regressors to account for both 

translational and rotational motion. Each trial regressor was convolved with a 

single-parameter gamma HRF function, while each sustained emotional state 

regressor was convolved with a block HRF function for the duration of the state. 

In addition to motion regressors, time points where translational motion >1.56 

mm or rotational motion >1˚ relative to the previous frame were excluded from 

analysis. Subject-level general linear tests (GLTs) were performed to examine 

BOLD signal during correct trials across emotional cues, sustained emotional 

state and response type, as well as contrasts with the neutral emotional state for 

each the positive and negative emotional states, to examine how neural signal 

relates to behavioral findings.  

 

 Group Level Analysis 

 Group level analyses were performed to examine the neural basis of the 

two behavioral findings using 3dMEMA, which takes subject-level beta weights 

and t-statistics as independent variables to account for both within- and across-

subject variability (G. Chen, Saad, Nath, Beauchamp, & Cox, 2012). To examine 

putative differences in cognitive control circuitry, group level analyses were 

conducted within a mask of prefrontal cortex (Cohen et al, 2016a), defined by 

regions with ≥50% likelihood of belonging to prefrontal cortex at 1 mm resolution 

within the Harvard-Oxford cortical structural atlas (Desikan et al., 2006). Given 
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the behavioral finding that patients with BN showed greater improvement in 

performance during the positive relative to the neutral emotional state, subject-

level GLTs for the contrast of between the positive and neutral emotional states 

were compared via t-test between patients with BN and HCs. To examine the 

interaction of age by diagnosis on d’, subject level GLTs for correct responses 

across face emotion and response type were entered with a covariate for subject 

age. Ages were Z-scored across all subjects, and Z-scored ages for patients 

were multiplied by -1 to account for the interaction effect. A Monte Carlo 

simulation run via 3dClustSim within the defined mask with the mean spatial 

autocorrelation function parameters across subjects indicated that a cluster must 

consist of at least 10 voxels with a voxel-wise p <0.005 to reject the null 

hypothesis that the effect observed in a given cluster is due to chance at α<0.05. 

Only clusters that exceed this threshold are reported. Individual subject 

regression beta values were extracted from identified regions via 3dmaskave and 

subject to offline analyses in R. P-values are reported after being subjected to 

Bonferroni correction for multiple comparisons.   

 

Results 

Task Validation 

Participants reported that they expected both the aversive noise 

(t(38)=18.649, p<0.0001 and the cash reward (t(38)=13.33, p<0.0001, d=1.494) 

and, d=2.360) to occur during the appropriate blocks of colored backgrounds 

more than during the other blocks. Patients and HCs did not differ in these 

expectations for either the aversive noise (t(31.7)=0.776, p=0.444) or the reward 

(t(36.8)=0.669, p=0.507). 
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Behavioral results  

Group differences 

The initial model compared d’ of patients with BN and HCs during 

sustained positive and negative emotional states relative to a neutral state, and 

to fearful and happy emotional faces relative to neutral faces. Patients with BN 

did not differ significantly from HCs in performance during the negative emotional 

state relative to neutral (β=0.075, p=0.516), but did exhibit greater improvement 

in performance than HCs during the sustained positive emotional state (β=0.279, 

p=0.016). There were no significant differences in d’ between patients and HCs 

to either emotional cue types relative to neutral ones (fear: β=0.104, p=0.592; 

happy: β=0.102, p=0.547). Patients with BN showed no significant difference in 

performance relative to HCs (β =-0.475, p=0.114), when controlling for effects of 

emotional states and cues. 

 

Developmental differences 

Given the development of cognitive control under emotional arousal into 

the early 20s, we examined if age differentially predicted d’ between HCs and 

patients with BN, thus age and the interaction of age by diagnosis were included 

as explanatory parameters in an expanded model. These additional parameters 

improved model fit (χ²(2)=6.648, p=0.036) and showed improvements in d’ with 

age among HCs (β=0.100, p=0.009), when controlling for effects of cue and 

state, and significantly less improvement with age in BN (β=-0.121, p=0.023; Fig. 

3.2). To test if these developmental differences in performance were specific to a 

cue type or emotional state, we examined if the three-way interactions of age by 

diagnosis by cue and age by diagnosis by emotional state further improved 

model fit. Neither the three-way interaction with cue (χ²(2)=6.061, p=0.195), nor 

the interaction with state (χ²(2)=4.788, p=0.308) explained significant additional 
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variance in the data, indicating that the observed developmental differences were 

not specific to any specific emotional condition.  

 

 

Figure 3.2. Patients with BN fail to show improvement in cognitive 
control with age. Age predicted improvement in cognitive control as measured 
by d’ among healthy control (HC) participants, but not in patients with bulimia 
nervosa (BN) across cue types (calm, fear and happy facial expression) and 
neutral, negative (threat of aversive noise) and positive (anticipation of monetary 
reward) emotional states. 
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Imaging Results 

Building on the developmental behavioral results we tested for an 

interaction of age by diagnosis in the imaging analyses. Two regions of interest 

(ROIs), left mid frontal gyrus (x=30.5, y=-45.5, z=15.5, 21 voxels, Z=3.70) and 

left subgenual cingulate cortex (x=0.5, y=-18.5, z=-11.5, 12 voxels, Z=3.13) 

survived a voxel-wise threshold of p<0.005 and cluster extent ≥10 voxels within 

the prefrontal cortex (Fig. 3.3). Mean beta weights from these regions were 

extracted and entered as dependent variables in linear models with diagnostic 

group, mean-centered age and their interaction as predictors. For HCs, age was 

associated with increased activity on correct responses in both left mid frontal 

gyrus (β=0.247, p<0.022) and left subgenual cingulate (β=0.514, p=0.010). 

Patients with BN showed significantly less activation than HCs in both regions 

with increasing age (left mid frontal gyrus: β=-0.645, p<0.001; left ACC: β=-

1.261, p<0.001).  

To examine whether patterns of brain activity in either of these regions 

was associated with behavioral performance in either group, mixed effects 

models examined if beta weights predicted d’, controlling for effects of emotional 

cues and states. Within the HC group, mean beta weights during successful task 

performance significantly predicted d’ in the left subgenual cingulate 

cortex(β=0.303, p=0.006) and in left middle frontal gyrus (β=0.247, p=0.027; Fig 

3.4). When accounting for age, however, neither the association between mean 

beta weights and task performance in left ACC (β=0.161, p=0.184) nor in left mid 

frontal gyrus (β=0.120, p=0.293) remained significant. Among patients with BN, 

neither left subgenual cingulate (β=-0.105, p=0.601) nor left middle frontal cortex 

(β=-0.095, p=0.636) predicted d’. Thus improvement in performance and 

increased recruitment of these prefrontal regions in HCs were age-dependent. 
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 Although patients showed improved cognitive control performance during 

sustained positive affect, no ROIs survived cluster thresholding for whole-brain 

correction or within the prefrontal cortex for the contrast between patients with 

BN and HCs for activation during the positive relative to the neutral sustained 

emotional state. 

 
 

 

 
Figure 3.3. Differential recruitment of prefrontal circuitry between 

diagnostic groups with age. Age predicted increased recruitment of both left 
mid frontal gyrus (A) and left subgenual cingulate cortex (B) by healthy control 
(HC) participants, and relatively less regional recruitment among patients with 
bulimia nervosa (BN) during successful task performance 
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Figure 3.4. Relationship of activity in subgenual cingulate cortex and 
mid frontal gyrus with d-prime. Increased recruitment of subgenual cingulate 
and mid prefrontal gyrus during successful task performance predicts increased 
d-prime in healthy control (HC) participants, but not patients with bulimia nervosa 
(BN), controlling for influences of emotional state and face emotion. 

 

Discussion 

 The current study tested the hypotheses that patients with BN would 

exhibit impaired cognitive control under negative emotional arousal relative to 

HCs that would emerge by late adolescence and persist into adulthood. 

Cognitive control capacity improved with age from the late teen years into the 

early thirties for healthy individuals, consistent with previous reports (Cohen et 

al., 2016a). In contrast, patients with BN showed diminished age-dependent 

improvement in performance. These divergent behavioral trajectories were 
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paralleled by distinct patterns of recruitment of prefrontal control circuitry. 

Specifically, patients with BN did not show enhanced activity in the frontal 

circuitry that was observed in the HCs during successful task performance. Given 

the significant development of prefrontal circuitry into the early twenties (Gogtay 

et al., 2004; Sowell, 2004), and its importance in impulse control and emotion 

regulation (Cohen, Breiner, et al., 2016; Cohen, Dellarco, et al., 2016; Dreyfuss 

et al., 2014b; McRae et al., 2012; Somerville et al., 2011) these findings suggest 

that the emergence and maintenance of BN in late adolescence is associated 

with altered recruitment of prefrontal control circuitry. 

 In this study, patients with BN did not differ from HCs in their performance 

under negative arousal as predicted. The lack of any observed group differences 

in cognitive control under negative emotional arousal does not indicate that 

negative affect is not relevant to binge eating behavior in BN. Negative affect has 

been shown to precede binge episodes more than non-binge meals in patients 

with BN (Haedt-Matt & Keel, 2012). The negative affect manipulations in the 

current study may not adequately capture the type or timing of negative affect 

typically reported in the hours preceding binge eating in BN (Smyth et al., 2007). 

In this study we used brief and sustained manipulations on the order of 

milliseconds and minutes rather than hours. Moreover, the negative affect 

manipulation was associated with a perceived potential threat. This form of 

negative emotion may differ from the kinds of negative emotions experienced by 

patients with BN, such as negative self-evaluations (Higgins, Bond, Klein, & 

Strauman, 1986; Strauman, Vookles, Berenstein, Chaiken, & Higgins, 1991) or 

guilt (Berg et al., 2013), which have been shown to increase the reward value of 

food, and drive impulse control failures (Heatherton & Baumeister, 1991; D. D. 

Wagner et al., 2012). Further examination of different kinds of negative emotions 

and their impact on cognitive control across development, in combination with the 
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use of food cues, more specific to eating problem behaviors, may enhance our 

understanding of the emergence of BN. 

Although negative emotions did not influence behavior differentially 

between patients with BN and HCs, the patient group showed more improvement 

in cognitive control performance during the positive emotional state than HCs.  

This effect may in part be associated with HCs’ performance being closer to 

ceiling and, therefore, leaving patients more potential to improve during the 

positive emotional state. Alternatively, patients with BN may exhibit enhanced 

cognitive control when experiencing positive emotions. Consistent with this 

interpretation is prior evidence of patients with BN reporting higher emotional 

balance and physical well-being when not binging than preceding a binge (Alpers 

& Tuschen-Caffier, 2001). Binge episodes may therefore be less likely to occur 

during periods of positive affect. Therapeutic efforts aimed at helping patients’ 

experience and sustain positive affect, in addition to managing negative 

emotional experiences may provide enhanced treatment responses and/or 

protection against binge eating.  

 Our findings should be interpreted in the context of limitations of the 

current study. First, although age was associated with differences between 

patients with BN and HCs in the current study, longitudinal data would be needed 

to show whether individuals with and without BN show different developmental 

trajectories in cognitive control and neural processes. It would be valuable to 

examine how cognitive control and neural circuitry at younger ages may predict 

the onset of BN. An additional limitation is that while patients with BN and HCs in 

the current study covered the same age ranges, participants were not age-

matched between groups, and therefore inferences from these findings warrant 

replication. The findings of this study would also be strengthened with a 
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comparison diagnostic group to show whether the findings are specific to BN or 

are related to a more general class of psychopathologies. Certain traits that may 

relate to cognitive control behavior, such as high negative urgency, are not 

specific features of BN, but may function in conjunction with the expectancy that 

eating will relieve negative emotions in developing and reinforcing BN symptoms 

(Fischer, Settles, et al., 2012). Examining psychopathologies by dimensional 

measures such as these rather than categorically by diagnosis has the potential 

to reveal common and unique characterizations of different diagnostic groups 

and how they emerge across development (Casey, Oliveri, & Insel, 2014).  

Alternative explanations for the results should also be considered. It may 

be the case that the patients who fail to show improvements in cognitive control 

are the most likely to remain symptomatic into adulthood. As most patients are 

diagnosed during late adolescence or early adulthood, time since diagnosis and 

age are highly correlated. Distinguishing between risk-factors for disease onset 

and disease maintenance warrants further study with impulse control paradigms. 

 The findings presented in the current study highlight the importance of a 

neurodevelopmental approach in understanding the psychopathology of BN. 

Patients with BN may fail to show developmental changes in prefrontal 

neurocircuitry crucial for maintaining self-control. This altered development may 

in turn make them more susceptible to failures in behavioral control (e.g., binge 

eating). Studying how this circuitry differs between recovered patients with BN 

and patients who remain symptomatic may reveal how improvements in cognitive 

control and its underlying neural circuitry relate to symptomatology. Moreover, 

our findings have implications for treatment in that the capacity for and stability of 

positive affect may be valuable in enhancing cognitive control in patients with BN.  

Thus, cognitive behavioral interventions that emphasize positive emotions for 

treating as well as potentially protecting at risk populations from bingeing 
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behaviors may have utility. In sum, examining BN from the perspective of a 

neurodevelopmental framework may be crucial for understanding the onset and 

maintenance of eating-disordered psychopathology as well as its prevention.  
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Chapter 4: Food Cues and Negative Affect Differentially Predict Impulsivity 

in Typical and Atypical Eating Behaviors 

 

Introduction 

Emotional stress can lead people to overeat as a means to provide quick 

relief from negative feelings, often at the cost of disrupting long-term health and 

dietary goals. Stress and negative affect can impact self-control and trigger 

disinhibited eating (Greeno & Wing, 1994), although this effect varies across 

individuals (Michael Macht, 2008). Restrained and emotional eaters are 

particularly likely to overeat when confronted with appetizing cues (Fedoroff et 

al., 1997; Rogers & Hill, 1989), or under negative emotional arousal (Herman & 

Mack, 1975; Oliver et al., 2000; Wallis & Hetherington, 2004). At the pathological 

extreme, a heightened sensitivity to food cues (Jansen, 1998; Schienle et al., 

2009; Staiger, Dawe, & McCarthy, 2000; Van den Eynde et al., 2012), deficient 

inhibitory control (Wierenga et al., 2014) and negative affect (Heatherton & 

Baumeister, 1991; Polivy & Herman, 1993) have been proposed as precipitating 

factors for binge eating behavior. This extreme loss of control over eating 

behavior is integral to several eating disorders including bulimia nervosa (BN; 

American Psychiatric Association, 2013) and the focus of the current study. 

Specifically, how does emotional arousal impact inhibitory control to food cues 

and how does it relate to problem eating behaviors? 

A number of neuropsychological studies have examined the role of 

deficient inhibitory control in BN. The literature comparing patients with BN and 

HCs on tasks measuring self-control have yielded mixed results. For example, 

although a meta-analysis of Stroop tasks showed a medium effect size of greater 

attentional bias toward food cues among patients with BN relative to HCs (S. 

Brooks, Prince, Stahl, Campbell, & Treasure, 2011), go/nogo studies have failed 
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to show any effect at all, or only a trend of diminished control among patients 

with BN (Lock et al., 2011; Rosval et al., 2006). A more recent meta-analysis of 

24 studies revealed a small effect size of diminished cognitive control in patients 

with a modest effect size when the cues were food stimuli (Wu et al., 2013). 

Whether patients with BN are generally deficient in inhibitory control remains 

unclear. However, the findings suggest that food cues may have a particular 

attentional draw and diminish cognitive control or increase approach-related 

behavior in patients with BN (Mobbs et al., 2008). The current study examines 

this further by using food cues in a go/nogo task. 

Another precipitating factor for binge eating that has been examined is 

that of negative emotional arousal. Patients with BN report inferior interoceptive 

awareness of their own emotional states (Sim & Zeman, 2004), frequent mood 

fluctuations (Johnson & Larson, 1982), and difficulty in mood regulation 

(Brockmeyer et al., 2014; Whiteside et al., 2007). These emotional factors along 

with an urge to act when distressed (Claes et al., 2005; Fischer, Smith, & 

Anderson, 2003) and an expectation that eating can provide relief from negative 

affect (Hayaki, 2009; Hohlstein, Smith, & Atlas, 1998) may render patients with 

BN susceptible toward impulsive actions, particularly eating, under negative 

emotional stress (Heatherton & Wagner, 2011; Pearson et al., 2015). Indeed, 

patients with BN engage in higher rates of binge eating following steady 

increases in negative affect (Alpers & Tuschen-Caffier, 2001; Crosby et al., 2009; 

Smyth et al., 2007). How negative emotions impact impulse control, especially 

toward food cues, remains relatively unexplored, and is the focus of the current 

study.  

A key question in understanding how these factors may lead to episodes 

of binge eating is whether food cues and emotional states have dissociable 

effects on impulsivity in individuals with and without BN. A variant of a go/nogo 
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task referred to as the Food and Emotional Arousal Task (FEAST), was 

developed to address this question. This task uses food and non-food cues 

alternatively as targets (“gos”) or non-targets (“nogos”), building on our prior work 

showing that food cues lead to higher mean commission errors than non-food 

cues (Teslovich, Freidl, et al., 2014). To test the effects of negative emotional 

states on impulse control, participants completed this task during previously 

validated experimental manipulations of emotionally arousing states (Cohen, 

Dellarco, et al., 2016). To capture the negative affective state of stress and 

worry, we used a manipulation of sustained anticipation of an unpredictable and 

uncontrollable negative event. Control conditions were included to test the 

specificity of negative affect on impulsivity to food cues.  

The impact of emotional arousal on eating behavior varies across 

individuals with some individuals eating more and others eating less (Michael 

Macht, 2008).  In the current study,  variation in emotional eating behavior was 

measured with the Emotional Eating Scale (EES; Arnow, Kenardy, & Agras, 

1995), the only validated self-report of emotional eating problem behavior. To 

parallel our experimental manipulation of sustained anticipation of an 

unpredictable negative event we focused on the EES anxiety subscale. We 

hypothesized that: 1) patients with BN would make more commission errors 

specifically toward food cues and especially during the negative emotional state; 

and 2) EES anxiety would relate to increased commission errors toward food 

cues during the negative emotional state. 

 

Methods 

Participants 

HCs were recruited and screened for any personal history of psychiatric or 

neurologic illness at Weill Cornell Medical College. Exclusion criteria included 
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any significant medical or neurologic illness, pregnancy or other major Axis I 

illness. Patients with BN were recruited through the Eating Disorders Research 

Unit of New York State Psychiatric Institute/Columbia University Medical Center. 

The diagnosis of BN was confirmed by clinical interview and the Structured 

Clinical Interview for DSM-IV-TR Axis I Disorders, Research Version, Patient 

Edition (First et al., 2002). Participants with BN were included if they had a 

duration of diagnosis>3 months, and were within 80%-160% of ideal body weight 

(Metropolitain Life Insurance Company, 1959). Only patients who engaged in 

self-induced vomiting were included for homogeneity between patients. 

Frequency of binge eating was assessed by objective bulimic episodes (OBEs) 

over the previous 28 days via the Eating Disorders Examination (Edition 16.0D) 

(Fairburn et al., 2008). OBEs were defined as episodes involving 1) a loss of 

control and 2) a large amount eaten. Patients with moderate level depressive and 

anxiety disorders were not excluded. Participants who were on stable doses of 

antidepressant medication for at least 1 month were not excluded, but 

participants taking other psychiatric medications were.  

 Twenty-six patients with BN (25 females) and 36 HCs (29 females) 18-33 

years-old were recruited to participate in this study including one male patient, for 

which an age-matched HC male was included for analysis. Final participant 

groups were comparable in age (HC: M=24.2, SD=3.5; BN: M=24.6, SD=3.7). 

This study was approved by Institutional Review Boards at both sites and all 

participants provided written informed consent prior to participation. 

FEAST Paradigm 

Stimuli consisted of a validated set of pictures of 10 high-calorie (>350 

Cal/100g), 10 low-calorie (<200 Cal/100g) and 20 non-food objects (Teslovich, 

Freidl, et al., 2014). High- and low-calorie food items were composed of an equal 

number of savory and sweet items. Prior to inclusion, 23 independent reviewers 
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rated items on 7-point Likert scales assessing if items were exciting, familiar, 

pretty, common and yummy (foods only). Items were excluded if their mean 

ratings were “strange” (≤2), “unfamiliar”, “unexciting” or “not pretty” (≥5), or “not 

yummy” (≥3). Cronbach’s alpha was used as a measure of inter-rater reliability 

as in Teslovich et al. 2014, and reported in Supplemental Table 1. 

 The go/nogo task was administered using E-Prime 2.0 presentation 

software (Psychology Software Tools, Inc. Pittsburg, PA). Participants were 

instructed to press to a target (“go”) cue type, which appeared in 74% of trials, to 

develop a pre-potent response to that cue type, while the other 26% of trials were 

composed of non-target (“nogo”) stimuli. The task consisted of 6 runs, with food 

and non-food object cue types counterbalanced as targets and non-targets. Each 

cue appeared as a target 342 times, and as a non-target 90 times. The order of 

runs was pseudorandomized across participants. Stimuli appeared for 500 ms 

with 1500 ms interstimulus intervals between presentations (Fig. 4.1). Responses 

were recorded for the full 2 s.  

Stimuli were overlaid on yellow, blue and purple color backgrounds to 

indicate distinct emotional state manipulations that represented the possibility of 

hearing an aversive noise (“negative”), winning up to $100 (control “positive” 

state), or no event occurring (“neutral” state). Participants were informed that the 

possibility of an event occurring was not related to their performance, to simulate 

both unpredictable and uncontrollable acute stress. Each background color 

occurred twice during each of 6 runs for 1 minute each (total of 12 minutes). The 

pairing of color background to potential outcomes was pseudorandomized 

between participants and a practice session occurred prior to participating to 

ensure understanding of the task conditions.  
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Figure 4.1. Schematic of one run of the experimental paradigm with 
objects cues as targets (go) and food cues as rare non-targets (nogo). Cues 
are superimposed on color backgrounds evoking negative (potential aversive 
noise), positive (potential reward) or neutral (no event) emotional states. 

 

Self-Report Questionnaires 

Following testing, participants were given a post-test questionnaire to 

indicate whether any of the food stimuli were foods they would not eat. Twenty-

four of the 26 patients with BN and all HCs also rated how strongly they 

associated the negative and positive outcomes with the appropriate background 

color, how hungry they were before and after completing the task, and rated each 

stimulus on “how much do you like this image?” on a seven-point Likert scale 

(1=“not at all”; 7=“very much”). Two patients with BN failed to complete this 

survey.  

All participants completed the Emotional Eating Scale (EES; Arnow et al. 

1995), on which they rated how much emotions increase their desire to eat on a 

5-point Likert scale. These ratings composed distinct subscales of susceptibility 

to eat under emotional states of anxiety, anger and depression.  In the current 

study we focused on the anxiety subscale that paralleled our negative arousal 

experimental manipulation. 
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Statistical Analyses 

To test the validity of the emotional state manipulation, self-report of 

believability of emotional states were analyzed by one sample t-test across all 

participants against a response of 1 (“not at all”), and between patients with BN 

and HCs by independent samples t-test. Reported hunger levels before and after 

the task were analyzed via a repeated measures analysis of variance (rANOVA) 

to test the main effects of diagnosis (HC/BN), time point (before/after) and their 

interaction. Finally, each participant’s average liking ratings for objects and for 

foods that participants reported they would eat were analyzed via rANOVA with 

main effects for diagnosis, cue type and their interaction. Post-hoc t-tests were 

performed on significant effects from each rANOVA. 

Responses of the anxiety subscale of the EES were adjusted to a 100-

point scale for each participant, and compared between groups by an 

independent samples t-test. To probe how disease behavior related to self-

reported anxious eating, a correlation was performed between EES anxiety and 

OBEs per 28 days among patients. 

 Commission error rates were computed as the proportion of nogo trials on 

which the participant erroneously responded to a rare non-target (food, object) 

within each emotional state (neutral, negative, positive). Trials with reaction times 

(RTs) <100 ms (n=29 trials), and trials representing food cues that participants 

reported they would never eat were excluded from analysis (HC: M=1.85, 

SD=2.37 cues, BN: mean=3.65 SD=3.76 cues). Linear mixed effect models 

(LMEs) were run using the lme4 package (Bates et al., 2014) in R version 3.0.2 

(R Core Team, 2013) to test the main hypotheses that: (1) patients with BN 

would have greater commission error rates specifically toward food cues, which 

would be enhanced during the negative emotional state, and (2) self-reported 

anxious eating behavior would be associated with greater commission error rates 
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during the negative emotional state. For the first hypothesis, commission error 

rates were entered as dependent variables in LMEs with fixed effects for 

diagnosis, cue type (object/food), emotional state (neutral/negative/positive), and 

their interaction terms as fixed effects factors. To examine the second 

hypothesis, the interaction of emotional state (neutral/negative/positive) and 

mean-centered and scaled EES anxiety were entered into distinct LMEs 

predicting commission error rates toward food and non-food object cues by HCs. 

Patient commission error rates were then examined as a function of EES anxiety 

to test if patient variability in EES anxiety predicted commission error rates during 

the negative emotional state as found in HCs. All models included subjects as 

random effects. Categorical factors in these models were each assigned baseline 

levels: HC for diagnostic group and neutral for emotional state. A significant 

effect of another factor level allows rejection of the null hypothesis that the 

predicted change in commission error rates of that factor level relative to the 

baseline level is due to chance.  

 

Results 

Validation of FEAST paradigm 

Liking ratings showed a main effect of cue type (F(1, 62)=166.64, p<0.001, 

ηp 2=0.73) with participants liking food more than non-food cues (t(63)=12.96, 

p<0.001, d=2.18). There was no effect of diagnostic group (F(1,62)=0.95, p>0.250, 

ηp 2=0.02) nor interaction of diagnosis by cue type (F(1,62)=0.50, p>0.250, 

ηp 2=0.01) on liking ratings. An rANCOVA of hunger ratings revealed a main 

effect for time (F(1,47)=32.158, p<0.001, ηp 2=0.39), such that reported hunger was 

greater by the end of the task (t(101)=3.3, p<0.002, d=0.65). Patients and HCs did 

not differ in reported hunger (F(1,15)=2.064, p=0.157, ηp 2=0.04), nor was there 

was an interaction of diagnosis by time point (F(1,2)=1.096, p>0.250, ηp 2=0.02), 
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indicating that groups did not differ in how much their hunger levels increased. 

One sample t-tests of the effectiveness of the emotional state manipulation 

indicated that participants expected the aversive noise (t(52)=25.91, p<0.001, 

d=7.19) and the reward (t(53)=24.69, p<0.001, d=6.78) to occur during the 

appropriate color backgrounds. Independent t-tests revealed no significant 

differences between patients and HCs in expectation of either the negative 

(t(32.13)=-1.56, p=0.13) or positive (t(47.36)=0.69, p>0.250) outcome with the 

appropriate background colors.  

 

 

Self-Report Measures 

Patients scored higher (M=62.31, SD=16.1) than HCs (M=38.67, 

SD=11.85) on the anxiety subscale of the EES (t(45.21)=6.15, p<0.001, d=1.83), 

consistent with the emotional eating literature linking this behavior with risk for 

eating disorders. Emotional eating ratings were positively correlated with 

frequency of binge eating behavior in patients with BN, as measured by OBEs 

over the most recent 28-day period (r(24)=0.47, p=0.037; Fig 4.2). 
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Figure 4.2. Relationship between anxious eating tendency and binge 
eating frequency. Increased anxious eating as reported on the emotional eating 
scale correlated positively with frequency of objective binge episodes during the 
28 days prior to clinical interview. 

 
 
 
 

Mean commission error rates  

A diagnosis of BN predicted increased commission error rates relative to 

controls specifically toward food cues (β=0.12, p=0.017), but not nonfood objects 

(β=0.03, p>0.250; Fig. 4.3). Emotional states did not predict different commission 

error rates between patients with BN and HCs to objects (negative: β=0.01, 

p=0.82; positive: β=-0.01, p>0.250) or to food cues (negative: β=-0.04, p>0.250; 

positive: β=-0.03, p>0.250). 
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Figure 4.3. Commission error rates by cue type and diagnosis. 
Patients with bulimia nervosa (BN) exhibited enhanced commission error rates 
were specifically enhanced toward food cue non-targets, not objects. 

 
 

Association between commission errors and emotional eating 

Increasing EES anxiety in HCs predicted greater commission error rates 

to food cues in the negative (β=0.06, p=0.017; Fig. 4.4), but not in the positive 

(β=0.02, p>0.250) emotional state relative to the neutral condition. EES anxiety 

ratings were not significantly associated with commission error rates to non-food 

objects under either the negative (β=0.03, p=0.214) or positive (β=0.03, p=0.179) 

arousal states. Patients with BN did not show an association between EES 

anxiety ratings and commission errors to either cue type in the negative (food: 

β=-0.01, p>0.250; objects: β=0.01, p>0.250) or positive (food: β=0.04, p=0.156; 

objects: β<0.01, p>0.250) emotional states relative to the neutral state condition. 
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Figure 4.4. Commission error rates by anxious eating rating. Anxiety 

subscale of the Emotional Eating Scale correlated with commission error rates 
toward food cues during the negative relative to neutral emotional state in healthy 
controls (HCs). 

 

 

Discussion 

The current study examined whether typical and pathological forms of 

problem eating behavior were differentially associated with poor impulse control 

to food cues under negative emotional states of arousal. Patients with BN were 

more impulsive to food cues than healthy controls, regardless of emotional state. 

A diagnosis of BN was associated also with higher rates of anxious eating that 

was positively associated with frequency of binge episodes. The impact of 

negative emotional state on impulsivity to food cues was related to emotional 
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eating only in healthy individuals. These findings suggest a possible dissociation 

between factors that drive impulsivity in patients with BN and HCs, and highlight 

possible differences in triggers of pathological versus non-pathological eating 

problem behavior.  

Although patients with BN did not show an increase in commission error 

rates to food cues during the negative emotional state, the role of negative affect 

in BN should not be underplayed. The intensity or type of negative affect induced 

by the threat of an unpredictable and uncontrollable aversive event employed in 

the present study may be qualitatively different from that which elicits binge 

eating in BN. Negative mood states that precede binging episodes in BN may be 

more related to negative self-evaluation compared to an assumed ideal standard 

(Stephen A. Wonderlich et al., 2008), or feelings of guilt (Berg et al., 2013). The 

short duration of emotional states in the current study may not have been 

sufficiently long to elicit the impulse control failures related to more prolonged 

periods of negative affect that typically precede a binge episode (Smyth et al., 

2007). Additionally, binge eating may involve failures in multiple domains of 

inhibitory control. While food cues may increase the likelihood of impulse control 

failures in BN, prolonged periods of negative affect may be critical in allowing 

eating to proceed unregulated during a binge episode. Indeed, binge eating 

tends to occur during periods of greater negative affect than non-binge meals in 

patients with BN (Haedt-Matt & Keel, 2012), implicating negative affect more in 

the dysregulation rather than the onset of eating behavior. In the present study, 

we specifically tested how approach behavior is modulated by cue type and 

affective state, but the kind of inhibitory control required to stop eating at a point 

of satiety rather than progressing to a binge may not be observable in the 

momentary lapses in self-control measured here.  
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Our task was able to dissociate valence and arousal to show a valence-

specific effect on impulsivity to food cues in healthy individuals that was 

associated with problem eating behavior. Specifically, the anxiety subscale of the 

EES predicted an increase in commission error rates specifically to food cues in 

the negative emotional state relative to the positive or neutral state in healthy 

individuals. These individual differences in emotional eating and impulsivity are 

consistent with observations that negative emotions have variable effects on 

eating behavior (Michael Macht, 2008).  

Patients with BN rated themselves higher on the EES anxiety subscale 

than HCs, and EES anxiety scores correlated with binge eating behavior among 

the patient group, This association is consistent with previous reports (Fioravanti 

et al., 2014; Ricca et al., 2012; Rotella et al., 2013) and provides further support 

for a role of anxiety in dysregulated patterns of eating behavior in BN. The lack of 

an association between self-reported emotional eating and commission error 

rates to food cues during the negative emotional state in individuals with BN may 

have been due to little overlap in distributions of scores between patients and 

HCs, such that increases in EES anxiety did not predict increased commission 

error rates in the higher range of scores typically reported by patients. The 

current study focused on experimental manipulations and self-report measures of 

anxiety. Although patients with BN report that anxiety increases their desire to 

eat, they do not report greater anxiety just prior to binge episodes (Alpers & 

Tuschen-Caffier, 2001). Future studies are needed to elucidate the role of 

anxiety in inhibitory control failures and binge eating specific to BN. Limitations of 

the current study should be considered when interpreting the findings. First, the 

relatively small sample sizes within patient and HC groups may have 

underpowered the study to detect effects of the negative emotional state 

manipulation. Moreover, using only self-report of emotional states rather than 
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objective psychophysiological measures of arousal during emotional states may 

have underestimated differences in levels of emotional arousal between groups. 

Additionally, while there were no differences in hunger ratings, participants were 

not required to restrict food to the same degree before participating in the study. 

How much a subject’s performance was influenced by state of satiety or hunger 

could therefore have been variable.  

In the current study, we show that reactivity to food cues leads to 

increases in impulsive tendencies among patients with BN. In contrast, 

impulsivity when anticipating a negative event is associated with individual 

differences in self-reported emotional eating among HCs, not observed in BN. 

Together, our findings highlight the importance of both dimensional and 

diagnostic measures in our understanding of how food cues and negative affect 

can diminish self-control and lead to problem eating behaviors, both pathological 

and typical. 

Limitations of the current study should be considered when interpreting 

the findings. First, the relatively small sample sizes within patient and HC groups 

may have underpowered the study to detect effects of the negative emotional 

state manipulation. Moreover, using only self-report of emotional states rather 

than objective psychophysiological measures of arousal during emotional states 

may have underestimated differences in levels of emotional arousal between 

groups. Additionally, while there were no differences in hunger ratings, 

participants were not required to restrict food to the same degree before 

participating in the study. How much a subject’s performance was influenced by 

state of satiety or hunger could therefore have been variable.  

In the current study, we show that reactivity to food cues leads to 

increases in impulsive tendencies among patients with BN. In contrast, 

impulsivity when anticipating a negative event is associated with individual 
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differences in self-reported emotional eating among HCs, not observed in BN. 

Together, our findings highlight the importance of both dimensional and 

diagnostic measures in our understanding of how food cues and negative affect 

can diminish self-control and lead to problem eating behaviors, both pathological 

and typical. 
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Chapter 5: Developmental and Diagnostic Differences – Conclusions 

and Implications for Psychiatric Outcomes 

 

Introductions 

Everyone experiences lapses in self-control. Which environmental and 

emotional influences are most likely to impair an individual’s ability to exert self-

control varies across development, between individuals and by diagnostic group. 

The capacity to exhibit self-control emerges over the course of development 

(Luna, Garver, Urban, Lazar, & Sweeney, 2004), but during adolescence in 

particular it is more sensitive to disruption by salient emotional cues in the 

environment (Somerville et al., 2011; Van Leijenhorst, Moor, et al., 2010). This is 

a particularly crucial time period to examine because it is a peak period for the 

onset of psychopathology (Ronald C. Kessler et al., 2005), including disorders 

characterized by diminished impulse control like BN. In the current thesis, we 

used three variants of a go/nogo paradigm to examine how inhibitory control is 

impacted by appetitive and aversive cues and states across development, 

between individuals and between eating disorder and non-eating disordered 

groups. In Chapter 2, we asked whether teens were reactive to aversive social 

cues of potential threat, and probed the neural circuitry underlying these 

behavioral patterns. In Chapter 3, we examined how cognitive control and 

underlying neural systems developed from early adolescence into adulthood 

among patients with BN relative to HCs under changing emotional conditions. In 

Chapter 4, we explored how individual differences in eating behavior and a 

diagnosis of BN predicted impulse control failures toward appetitive food cues 

under negative, positive and neutral emotional states. In this final chapter, I 

integrate these findings within the context of a recent study examining the 

relationship between functional connectivity of subcortical and prefrontal systems 
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and inhibitory control, discuss limitations of the methods used, speculate on 

future directions and provide potential implications of the findings for treatment 

and prevention of psychopathology and poor decision making during 

adolescence. 

 

Self-control circuitry and inhibitor control to emotional cues 

In Chapter 2, “Teens Impulsively React rather than Retreat from 

Threat,” we found that teens were more likely than adults or children to make 

false alarms to cues of potential threat relative to neutral social cues (Figure 2.1). 

This behavioral finding was paralleled by increased activity when successfully 

withholding response to fear faces compared to calm faces in left OFG and 

mPFC, with a similar but non-significant pattern observed in the left striatum 

(Figure 2.2). Heightened responses in these regions implicated in regulating 

emotional, behavioral and reward drive may suggest a hyper-responsiveness to 

emotional cues among adolescents, requiring greater recruitment for successful 

response suppression.  

Beyond the regional changes as found in this study, connectivity between 

networks changes over the course of development between subcortical (Fareri et 

al., 2015), and between subcortical and cortical networks (Gabard-Durnam et al., 

2014), which have implications for emotional regulation success (H. Lee et al., 

2012). Additionally, the amygdala is implicated in promoting motivational 

behavior via glutamatergic projections to the ventral striatum (Stuber et al., 

2011). The connections between these structures mature at different rates (Asato 

et al., 2010; Bouwmeester, Smits, & Van Ree, 2002; Fareri et al., 2015; Swartz et 

al., 2014), suggesting that increasing age may relate to changes in functional 

connectivity between the amygdala, ventral striatum and PFC, which may result 

in changes in motivational approach behavior toward emotionally salient stimuli. 
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In a recent study, cognitive control (d-prime) on this emotional go/nogo 

task was examined across a large developmental sample as a function of age 

and connectivity connectivity between the amygdala and ventral striatum 

(amygdala-VS) and the amygdala and PFC (Heller et al., 2016). Age predicted 

improvements in d’ (Figure 5.1A), and a decrease in amygdala-VS connectivity 

toward emotional cues. Increased amygdala-VS connectivity also predicted 

cognitive control to emotional cues, controlling for effects of age (Figure 5.1B). A 

whole brain analysis relating connectivity with the amygdala to d’ revealed that d’ 

predicted increased connectivity between amygdala and a region of mPFC 

(Figure 5.2). Furthermore, this mPFC-amygdala connectivity mediated the 

relationship between amygdala-VS connectivity and d’ specifically toward 

emotional cues.  

This study reveals that variability in age, subcortical connectivity and 

cortico-subcortical connectivity interact in producing behavioral output. 

Furthermore, the degree of connectivity observed changes with age, but also 

explains variance in the behavior toward emotional stimuli even when controlling 

for age effects.  These findings support a network account of self-control as 

depending on an interacting circuit of PFC, the amygdala and the ventral 

striatum, rather than one structure independently, the connections of which 

change in strength over the course of development (Casey, 2015).  
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Figure 5.1. Relationships between ventral striatal connectivity and 

age and d-prime to emotional cues. A) Age predicts decoupling of amygdala 
ventral-striatal activity.  B) Functional connectivity between the amygdala and the 
ventral striatum related to worse performance. 
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 Figure 5.2. Cortico-subcortical connectivity mediates cognitive 
control toward emotional stimuli. A) The amygdala and medial prefrontal 
cortex (mPFC) show functional connectivity for emotional (happy and fear cues).  
B) Functional connectivity between the amygdala and the mPFC related to 
improved performance. B) amygdala-mPFC connectivity mediated the effect of 
amygdala-ventral striatum (VS) connectivity on performance. 

 



	 75	

Individual differences 

 In Chapter 2, we showed that adolescents showed a particular difficulty in 

withholding responses to cues of potential threat. While as a group this was true, 

there was variability between adolescents in their inhibitory control performance 

toward fear relative to calm faces. Understanding this variability between 

adolescents may shed light on risk taking behaviors in this age group. High 

sensation seeking adolescents, for example, have been found to be riskier 

(Crone, Bullens, van der Plas, Kijkuit, & Zelazo, 2008). Characterizing this 

variability in impulsivity toward cues of potential threat, could help identify which 

adolescents are at risk of engaging in criminal activity or developing substance of 

alcohol abuse.  

In Chapters 4 we found that patients with BN were more likely make 

commission errors toward food cues in particular. Again, between patients with 

BN other factors may explain greater susceptibility for impulsivity toward 

appetitive cues. This task could be used with a measure of ad lib eating to 

examine if this tendency to be drawn to food cues relates to reduced dietary 

restraint in this patient population. 

We also found that individuals with higher anxious eating tendencies were 

particularly susceptible to make impulse control failures toward food cues under 

negative emotions. It would be valuable to know if these individual differences 

can improve with training. Inhibitory practiced has been shown to result in less ad 

lib consumption immediately after training (Houben & Jansen, 2011). If these 

tendencies for emotional eating can be changed through training, either 

temporarily or permanently, would be an interesting future area of study. 
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Sex differences 

Males and females differ in the frequency with which they develop certain 

psychopathologies. Males more frequently develop externalizing disorders, 

including antisocial personality disorder and substance abuse disorders (Eaton et 

al., 2012; Kessler et al., 1994), while females show higher rates of internalizing 

disorders including depression and anxiety disorders (Angold, Costello, & 

Worthman, 1998; Ge, Lorenz, Conger, Elder, & Simons, 1994; Ronald C. 

Kessler, McGonagle, Swartz, Blazer, & Nelson, 1993; Kessler, Avenevoli, & Ries 

Merikangas, 2001). BN shows a far greater incidence in females than in males, 

as well (Hudson et al., 2007). Our studies may shed some light on how 

differences in impulsivity are related to these different outcomes. 

In Chapter two, examining sex differences among adolescence related to 

different tendencies to exhibit inhibitory control failures. Namely, adolescent 

males showed heightened impulsivity toward fear faces relative to calm, which 

drove the adolescent specific increase in false alarm rates to these cues of 

potential threat.  ex differences on this task appear to relate to different behavior 

and brain activity during successful task performance among adolescents. This 

adolescent peak in impulsivity toward cues of threat were driven by males, while 

females recruited frontal control circuitry to a greater extent when successfully 

withholding responses toward these cues (Figure 2.3). These findings suggest 

that an ineffective recruitment of frontal regions underlies uninhibited approach 

behavior toward cues of threat in males. The more unrestrained approach 

behavior toward the cues of threat exhibited by adolescent males on our task 

may reflect this tendency of males to act on the environment. Future studies 

could examine this by implementing this task on developing populations and 

relating performance to future psychiatric outcomes.  
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It is important to consider these possibilities in light of the fact that the 

emotional content of the stimuli used in our paradigms was social in and was the 

participants focus in responding or trying to withhold their response. In a recent 

study, Cohen-Gilbert et al., measured inhibitory control across a developmental 

population using a letter go/nogo paradigm with varying emotional content of 

task-irrelevant backgrounds. Consistent with our findings, teens (13-14 year-olds) 

made more false alarms on this task when backgrounds were negative in 

valence, regardless of sex. Among teens aged 15-16 years old, however, only 

females showed this same diminished inhibitory control to negative emotions 

(Cohen-Gilbert & Thomas, 2013). The authors suggested that adolescent 

females may have more difficulty ignoring negative emotional information, which 

may relate to their higher rates of developing internalizing disorders. Differences 

in findings between these two studies may be attributed to the emotional content 

being the focus of the participant versus task-irrelevant, or to how the emotional 

information was presented: social versus non-social. Whether male and female 

teens differ in their ability to withhold responses due to the presentation of the 

emotional content would be valuable to know given different frequencies of 

psychiatric diagnoses between sexes. Future studies could examine 

performance by the same group of male and female adolescents on both tasks to 

test if the sex differences observed are in fact due to the nature of the emotional 

content presented. Additionally, as adolescents are particularly susceptible to 

make risky choices under peer influence (Gardner & Steinberg, 2005), comparing 

performance to social and non-social stimuli may help separate how emotional 

and social information impacts teenagers’ proclivity to exhibit impulse control 

failures, even if it is the feature that the participant is attending to. Lastly, Cohen-

Gilbert et al. showed younger and older adolescents exhibited different 

tendencies to make false alarms. Future studies should build on this to take a 
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more refined look at specific periods within adolescence during which males and 

females may show sex specific proclivities to make inhibitory control failures 

when emotional content is involved. Given the emergence of psychopathologies 

at different time during adolescence, doing this could additionally be implement 

on a large cohort to examine the predictive ability of this task in the development 

of problem behaviors.  

Females are far more than males are likely to develop BN (Hudson et al., 

2007), but what explains this divergent psychiatric outcome is not clear. Societal 

factors may be implicated in the greater female predisposition toward this eating 

disorder. Females experience a greater pressure to be thin and more concern for 

their body image (Striegel-Moore, Silberstein, & Rodin, 1986). Women may also 

have a more conflicted relationship with food. Females are more preoccupied 

with food in general (Pettit, Jacob, Page, & Porras, 2010), and are more often 

dieting or restrained eaters (Haase, Green, & Murphy, 2011). Women may be 

more likely to overeat when stressed than men, as well (Zellner, Saito, & 

Gonzalez, 2007; Zellner et al., 2006). On self-report, however, males more 

frequently report overeating more, while women report loss of control over their 

eating behavior more (Striegel-Moore et al., 2009). These differences may 

underlie a real difference in excessive consumption with versus without control, 

or may be explained by different tendencies in self-report of controlled behavior. 

Examining sex differences in brain responses to food cues on fMRI studies have 

shown different patterns of activation between men and women (Cornier, 

Salzberg, Endly, Bessesen, & Tregellas, 2010; S. Frank et al., 2010; Haase et 

al., 2011), although results on these studies are inconsistent, which may be 

attributed to small sample sizes.  

Our results from Chapters 3 and 4 would suggest that the majority female 

healthy and eating disordered participants were not different in how they 
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responded to the negative emotional influences used or in overall inhibitory 

control. Given the sex differences found in Chapter 2, this may indicate that 

impulsivity between healthy individuals and patients with BN is more similar than 

between healthy females and males. Females may be particularly susceptible for 

developing BN because of their tendency to engage in internalizing disorders 

(Eaton et al., 2012). Given that negative urgency is a predictive factor for binge 

eating as well as gambling and substance and alcohol abuse (Fischer, Anderson, 

& Smith, 2004; Fischer & Smith, 2008), males and females may differ in the 

psychopathologies they develop based on what they expect to relieve their 

negative emotions. Indeed, males who have BN symptoms do share 

commonalities with female patients. Among eating disordered men, poor emotion 

regulation strategies do relate to body dissatisfaction and disordered eating 

(Lavender et al., 2015), as in females (Sim and Zeman, 2004; Whiteside et al., 

2007). Males and females both show an association between eating to manage 

negative affect and disordered eating, but difficulties in emotion regulation predict 

disordered eating in females but not males (Hayaki and Free, 2016). Males who 

have difficulty in emotional regulation may therefore be less likely to develop 

binge eating as a maladaptive coping mechanism, perhaps due to a reduced 

preoccupation with weight and body image, and less conflicted relationship with 

food. 

 

Individual susceptibilities to develop pathological eating behaviors 

Individuals with certain eating tendencies, including restrained and 

emotional eating are especially susceptible to exhibit dietary failures (Fedoroff et 

al., 1997; Heatherton et al., 1991), especially when they are experiencing 

negative emotions (Cools et al., 1992; Oliver et al., 2000; Wardle, Steptoe, 

Oliver, & Lipsey, 2000). In Chapter 4, we examined the tendency to eat under 
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anxiety predicted self-control control toward appetitive stimuli when experiencing 

negative emotions. Individual differences in anxious eating were found to relate 

to a diminished ability to exhibit successful inhibitory control under a negative 

emotional state. Future studies could further examine how negative emotions 

influence brain circuitry involved in motivated behavior toward food. Negative 

emotional induction have been shown to sensitize reward circuitry for food cues 

among dieters (D. D. Wagner et al., 2012). Examining the role of negative 

emotions in dieting and non-dieting populations could show differences as well. 

Non-dieters may not show an increased sensitivity to food cues under negative 

emotions, as they’re non-dieting status may be due to the fact that they are not 

susceptible to overeat during negative emotional states. Interestingly, the study 

by Wagner, et al., used the Velten procedure (Velten, 1968), which involves 

saying negative statements about oneself to induce negative emotions. Such a 

procedure may be valuable in studying negative affect in BN, given the 

relationship between BN and negative self-image (Cooley & Toray, 2001). This 

kind of negative affect induction may be pertinent to the kind of negative 

emotions that drive BN psychopathology. 

Negative eating expectancy, the expectation that food will relieve negative 

emotions, is highly associated with BN symptoms (Atlas, 2004; Hayaki, 2009; 

Hohlstein et al., 1998; G. T. Smith, Simmons, Flory, Annus, & Hill, 2007), 

especially among women who report high negative urgency (Fischer et al., 2004; 

Fischer, Settles, et al., 2012). Given differences in their relationship with food, 

males may more typically turn to substance and alcohol abuse when they 

perceive these activities as providing relief from negative emotions (Fischer et 

al., 2004; Fischer, Settles, et al., 2012). Examining how negative urgency and 

eating expectancies may relate to momentary self-control failures such as on 



	 81	

cognitive tasks like FEAST may reveal more about the process of behavioral 

disinhibition that results in impulsive behaviors like binge eating.  

 

Implications for treatment of bulimic symptoms 

Treatment for BN has typically focused on behavioral modification and 

medication. Both Cognitive behavioral therapy (CBT) and antidepressants, 

especially SSRIs, have both shown efficacy in reducing BN symptoms (Hay, 

2013; Hay & Claudino, 2010; Mitchell, Agras, & Wonderlich, 2007; Shapiro et al., 

2007). Despite these interventions, however, many patients relapse (Grilo et al., 

2007; Pamela K. Keel, Dorer, Franko, Jackson, & Herzog, 2005), and 30-50% of 

patients are symptomatic ten years after initial treatment (Hay & Claudino, 2010; 

Keel, Mitchell, Miller, Davis, & Crow, 2000), leaving much room for improvement 

in treating this disorder.  

In Chapter 3, we observed that sustained states of positive affect 

predicted improved cognitive performance among patients with BN. These 

findings suggest that addressing emotional aspects could relate to improved 

performance. Recently, novel treatments for BN have focused on changing the 

relationship between emotions and behaviors. Integrative cognitive-affective 

therapy (ICAT) is aimed at modifying emotional experiences as they are linked to 

action tendencies (Wonderlich et al., 2008). ICAT may be as effective as CBT at 

reducing BN symptoms (Wonderlich et al., 2014), although no studies have 

examined long-term outcomes rates to examine maintenance of remission. The 

effectiveness of this treatment may lie in addressing the expectancy that food will 

relieve negative emotions, which have been shown to predict remission rates 

(Bohon, Stice, & Burton, 2009; Pearson et al., 2015). While this new tool is a step 

forward in improving treatment for BN symptoms, findings from our study may 
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suggest that future treatments may benefit from enhancing and maintaining 

positive affect as well.  

Positive emotions may mitigate binge eating behaviors in two ways. First, 

positive affect has been shown to relate to greater experience of pleasantness 

while eating (M Macht, 1999; Michael Macht, 2008). The gustatory and reward 

systems of patients with BN may be hypofunctioning in response to receipt of 

food (Bohon & Stice, 2011), which may drive overeating as a compensatory 

mechanism. If that is the case, maintaining positive affect may help increase 

appreciation of food, promoting eating for enjoyment and satiety rather than for 

compulsion. Additionally, positive emotional states have been found to improve 

cognitive control and performance among healthy individuals (Ashby, Valentin, & 

Turken, 2002; Cohen, Dellarco, et al., 2016; Fredrickson & Branigan, 2005). In 

BN, as well, maintaining positive affect in addition to reducing negative affect 

may provide improved control over eating behavior. 

It is important to consider this proposition about positive affect in the 

context of a discrepancy between findings on in Chapters 3 and 4. Patient 

behavior was not affected by the positive emotional manipulation on the FEAST. 

A potential explanation for this difference in effect is that food cues may be more 

salient to patients with BN than the social emotional cues used in the CCUE. 

Patients may therefore not be responding to the emotional manipulation of 

FEAST because their focus is more directed to the cues, resulting in a relatively 

diminished effect of the emotional states on behavior. These tasks are also 

different in two important ways that may impact performance. First, the CCUE 

task uses a jittered inter-trial interval (ITI) for the purpose of separating BOLD 

signal between trial types on fMRI analysis, while the ITI was constant on 

FEAST. The longer ITI difference may have given patients more time between 

trials to focus on their emotional state, giving the emotional state more influence 
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over their behavior. The regular rate of occurrence of cues during FEAST, in 

contrast, means that the presentation of cues is more predictable, making it 

easier to focus on cues over emotional states. Additionally, patients were seated 

at a computer terminal during performance of FEAST, but were supine in the MRI 

scanner for the CCUE task. These different environmental conditions may have 

impacted task performance between the two tasks in ways that are difficult to 

account for. Finally, the difference in behavior on these tasks may indicate non-

replication of the positive emotional finding. Future studies would need to 

replicate this finding to verify and further explore the role of positive affect on 

enhancing cognitive control among patients with BN. A better understanding of 

how positive emotions may contribute to improved cognitive control among 

patients, and what neural circuitry is implicated in that performance could open 

new avenues for treatments for BN symptoms.  

Bulimia nervosa is a heterogeneous disease that shares high rates of 

comorbidity with other psychiatric conditions (Blinder, Cumella, & Sanathara, 

2006; Godart et al., 2007). Understanding treatment response and improving 

outcomes will also require taking a more refined approach in examining which 

factors are predictive of symptom reduction and sustained long-term remission. 

Individual differences between patients with has shown predictive power for 

remission rates (Bohon, Stice, & Burton, 2009). Better characterizing the 

heterogeneity of condition will help understand what drives symptoms in a given 

individual, and may further improve treatments and remission rates. Furthermore, 

it would open the door to examining how to categorize which patients are 

responsive to which treatments, which could lead to more personalized 

application of existing treatments and the delopment of improved treatment 

stategies for subcategories of patients with BN who experience less benefit from 

existing treatment modalities. 
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General limitations 

General limitations of the methodology used should be critically 

considered in interpreting the results presented in this thesis. Behavioral 

analyses of the go/nogo paradigms implemented in these studies typically 

focused on two measures. Failures to withhold inappropriate responses to nogo 

trials were examined as representing susceptibility to inhibitory control failure, 

while d’, a composite measure including performance to go and nogo trials, was 

interpreted to indicate successful cognitive control across changing task 

demands. These interpretations, while certainly reasonable, have limitations. 

False alarm rate measures inappropriate responses, but without relation to a 

baseline of appropriate responses. Dissociating whether observed differences in 

false alarm rate are due to increased motivational drive or impaired inhibitory 

control is therefore not possible with this measure alone. Additionally, D-prime, 

as a sort of composite accuracy score, is not sensitive to pervasive changes in 

approach behavior when they occur. If a condition or group predicts overall 

comparably enhanced approach behavior on both go and nogo trials, for 

example, d’ will change as hit and false alarm rates will both increase. Although 

this may be valid in reflecting no overall change in task performance or accuracy, 

examining behavior by overall approach behavior may reveal differences in 

behavior related to motivation or arousal. Overall, these limitations in behavioral 

conclusions support the use of multiple analysis techniques, and comparable 

measures of task performance from other paradigms such as flanker, Stroop and 

stop signal tasks to further investigate what drives differences in behavior. 

Regarding fMRI analysis, we have taken the approach of relating neural 

activation on successful trials to task performance. While this approach does 

constrain our interpretation of the imaging data, it depends on the inference that 

recruitment during successful response inhibitions may underlie individual or 
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group differences in behavior. Additional analysis may look at activation on 

successful vs unsuccessful nogo trials, although a limitation of the task paradigm 

is that some participants exhibit near ceiling performance and do not have 

sufficient incorrect trials to model unsuccessful trials. This relationship between 

task performance and neural activation is especially drawn into question when 

BOLD signal does not predict or relate to behavior. Understanding why regions, 

networks or connectivity changes in parallel to behavior but does not predict it is 

an interesting question to address in future studies.  

It is important to consider out findings on BN in light of the fact that we did 

not have control diagnostic groups. Bulimia nervosa is highly comorbid with other 

diagnoses (Hudson et al., 2007). Additionally, the many of the core features of 

BN including loss of control over eating behavior are not unique to this diagnosis. 

Therefore, before we can specifically attribute differences in performance or 

neural activity to this diagnosis, rather than a general effect of being a psychiatric 

patient, or being driven by a trait that is shared between across patient groups 

such as negative urgency. Studies comparing diagnostic groups, for example, 

have shown that high negative urgency is common to BN and alcohol and 

substance abuse, but the specific combination of negative urgency and negative 

eating expectancy differentiates BN (Pearson et al., 2015). Studies will require 

comparison groups with other psychiatric conditions to better isolate what may be 

unique to BN. These kinds of studies would further allow for a better 

understanding of what specifically predisposes individuals to develop BN, and 

open the door for more directed identification of at-risk children and teens, and 

the emergence of more effective treatments and preventions.     

Lastly, all the studies presented here involve small sample sizes. While 

the results observed are consistent with the literature they warrant replication. In 

small sample sized in particular, idiosyncratic differences may exist between 
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groups that could contribute to or account for behavioral and neuroimaging 

effects observed. 

 

Conclusions 

 Self-control behavior varies between individuals and circumstances. 

Understanding this variability and how it changes over development can lead to a 

better understanding of what situations and cues result in the breakdown of self-

control, and of pathologies involving lapses in self-control like BN. In this thesis, 

we demonstrated that self-control is diminished during adolescence toward 

emotional cues of potential threat in particular. We further showed that patients 

with BN fail to show the typical improvements with age in cognitive control which 

is paralleled by diminished recruitment of prefrontal regions relative to healthy 

participants. This neural and behavioral finding may relate to the onset or 

maintenance of BN in this group. We found enhanced cognitive control under 

positive emotions for patients with BN, which we suggest may have implications 

for a role of positive emotions in symptom management. Patients with BN further 

exhibited a particularly high rate of impulse control failures toward food cues, 

while HCs showed diminished impulse control to food cues under negative 

emotions. We suggest that our findings reveal a deeper understanding of the 

individual and situations that underlie self-control failures, and may provide 

valuable next steps in examining treatments for individuals with a tendency to 

exhibit self-control.    
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