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Abstract 

 The purpose of this study was to investigate differences in the cognitive processing of 

person-referent words in depression and obesity and identify a cognitive marker of depression 

vulnerability in obesity.  Three groups of participants (obese, non-depressed (OND) (BMI>30); 

obese, clinically depressed (OD) (BMI>30); healthy weight (HW) (BMI 18.5-24.9), non-

depressed) viewed positive, negative, and neutral words while event-related potential (ERP) data 

was collected.  The valenced words were person-referent and described either physical 

characteristics or non-physical characteristics such as personality and intellect.  A repeated 

measures ANOVA was used to analyze attention allocation to salient stimuli as index by P3 

difference wave amplitudes.  The ANOVA compared attention to word valence and physicality 

in these three groups.   

The results indicated three main findings: 1) The P3 oddball paradigm with valenced 

(rare) and neutral (frequent) words produces a reliable P3 ERP component.  2)  The magnitude of 

the P3 is influenced by word valence, with an attention bias towards negative words across 

groups.  3) Valence impacts the response to the physicality of the words such that there is a 

greater attentional bias towards negative physical words than positive physical words and a 

greater attentional bias towards negative physical words than to negative non-physical words 

across groups.  There was also a trend for the OND group to mirror the HW group for positive 

words and mirror the OD group for negative words, with heightened attention to negative, 

physical words.  This trend towards heightened attention to negative information in the OD 

group compared to the HW group and the extent to which obese individuals generalize negative 

self-referent information suggest potential risks for depression vulnerability in obesity.  This 

knowledge may help guide cognitive therapy for obese individuals who are at risk for 
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depression, emphasizing the importance of reinforcing positive self-attributes and avoiding 

negative self-focus and ruminative attention. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 v 

Acknowledgments 

I would like to thank my research advisor and thesis chair, Dr. Ruth Ann Atchley for her 

support and guidance throughout this project.  I would also like to thank my committee 

members, Dr. Cary Savage and Dr. Laura Martin for their time, insights, and suggestions 

throughout this process as well as my research partner Teresa Pan for her support and dedication 

to this project.  I am grateful for the financial support that a Psychology Strategic Initiative Grant 

from the Psychology Department at the University of Kansas provided to help fund this research. 

I am also very grateful for the support from my family, friends, and colleagues 

throughout this project and my graduate education.  I especially want to acknowledge my 

mother, who has been a constant source of love, strength, and encouragement in my life.  She is 

my biggest supporter and I am extremely grateful for everything she has done to allow me to 

pursue my goals.   

  



 vi 

Table of Contents 

Introduction ................................................................................................................................1 

Ruminative Self-Focus Model in Depression..........................................................................3 

Role of Attribution in Information Processing..................................................................3 

Ruminative self-focus in depression: ERP studies. ...........................................................5 

Obesity and Body Image ........................................................................................................6 

The Current Study .......................................................................................................................9 

Specific Aims ........................................................................................................................9 

Aim 1: Establish the existence of P3 in response to the newly developed stimuli set. .......9 

Aim 2: Examine attention for emotional valence in depression and obesity. ................... 10 

Aim 3: Examine attention for physicality in depression and obesity ............................... 10 

Method ..................................................................................................................................... 13 

Participants .......................................................................................................................... 13 

Word norming study. ..................................................................................................... 13 

Electrophysiological study. ............................................................................................ 13 

Stimuli development ............................................................................................................ 15 

Electrophysiological study ................................................................................................... 16 

Electrophysiological Recording and Analysis. ............................................................... 16 

Experimental Procedure. ................................................................................................ 17 

Results ...................................................................................................................................... 18 

Discussion ................................................................................................................................. 22 

Conclusion ........................................................................................................................... 29 

Further Directions ................................................................................................................ 30 

Limitations........................................................................................................................... 30 

References ................................................................................................................................ 32 

 

 

 

 

 

 

 



1 

 

Cognitive Processing of Person-Referent Words in Depression and Obesity 

Over the past several decades, there has been a dramatic increase in the rate of obesity in 

the United States (Mokdad et al., 1999, 2001).  In 2009-2010, over 78 million (35%) adults and 

12.5 million (16.9%) children and adolescents in the United States were obese (Ogden, Carroll, 

Kit, & Flegal, 2012).  Additionally in 2008, 1.4 billion adults were overweight and over 500 

million adults were obese worldwide (World Health Organization, 2013).  The toll of this public 

health epidemic is high.  Obesity is not only linked to a number of other diseases, but is also 

associated with increased healthcare cost and usage (Andreyeva, Sturm, & Ringel, 2004; Eckel, 

Barouch, & Ershow, 2002; Must et al., 1999)   

Compounding the economic and physical health detriments associated with obesity are its 

implication for mental health.  More recently, the field of obesity research has increased its focus 

on the comorbidity between obesity and depression (de Wit et al., 2010; Faith, Matz, & Jorge, 

2002; Luppino et al., 2010; Onyike, Crum, Lee, Lyketsos, & Eaton, 2003; Scott, McGee, Wells, 

& Oakley Browne, 2008; Simon et al., 2011; Simon et al., 2006).  By 2030, depression is 

predicted to carry the second largest disease burden in the world (Mathers & Loncar, 2006) and 

16.6% of the population will experience depression at some point during their life (Kessler et al., 

2005).  The current literature suggests that the link between these two illnesses may be 

bidirectional with individuals who are obese carrying a 55% increased risk for developing 

depression and individuals with depression carrying a 58% increased risk for developing obesity 

(Luppino et al., 2010; Pan et al., 2012).   

Despite the increasing prevalence and costliness of these diseases, little is known about 

the relationship between depression and obesity. Therefore, the goal of this study is to identify   

differences in cognitive processing between people who are healthy weight, non-depressed 
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(HW), people who are obese and not depressed (OND), and people who are obese and depressed 

(OD).  From these differences, I hope to identify a cognitive marker in OND people that 

indicates a higher vulnerability for developing depression.  In order to address this issue, this 

study will use electroencephalographic event-related potentials (ERP) to examine neural 

processing of neutral, positive, and negative words that either describe a person’s physical 

appearance (physical) or that describe a person’s emotional state, mental characteristics or 

personality traits (nonphysical).  Electroencephalographic ERP uses electrodes placed on the 

scalp to measure electrical activity in the brain and is thought to reflect small clusters of cortical 

neurons responding to a particular stimulus.  The methodological advantages of ERP is that it is 

less susceptible to demand characteristics, as it measures cognitive responses rather than 

behavioral responses and that it has high temporal resolution, allowing for the measurement of 

real-time responses to stimuli. 

Research has demonstrated a strong, negative attentional bias in individuals with 

depression (e.g., Gotlib, Krasnoperova, Yue, & Joormann, 2004; Ilardi, Atchley, Enloe, Kwasny, 

& Garratt, 2007). However, it remains unknown whether such an attentional bias is present in 

individuals who are obese and thus at an increased risk for developing depression.  To examine 

the potential role of attention in obesity and depression, this study will use the P3 ERP 

waveform, which is a reliable marker of attention (Brandeis et al., 2002) and a measure of 

information salience (Osterhout & Holcomb, 1995) to index attention to emotionally valenced 

stimuli as discussed by Keil (2002). 

Although negative self-thoughts are a hallmark of both depression and obesity, they may 

manifest themselves differently in these two groups.  In depression, there is a global increase in 

self-focus and attention to negative stimuli, whereas in obesity, there may be a more specific 
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self-focus and attention to negative body image, rather than a global focus.  Furthermore, these 

differences may be a product of different attribution styles in these two groups.  This study aims 

to further inform our understanding of the relationship between depression and obesity and the 

processing of information in these two diseases.  

Ruminative Self-Focus Model in Depression 

Watkins and Teasdale proposed a model for the maladaptive cognitive framework that 

typifies depression, asserting that depression is associated with a repetitive, ruminative self-

focus.  This maladaptive strategy leads to overgeneralization and emotional suppression that 

results in a self-sustaining cycle, engendering avoidance while preventing the development of 

adaptive, alternative explanations and attributions (Watkins & Teasdale, 2004).  Research has 

demonstrated that the extent to which individuals engage in this negative, perseverative strategy 

predicts depression vulnerability, duration, and relapse (Beck, 1967; Beck, Rush, Shaw, & 

Emery, 1979; Ingram, Miranda, & Segal, 1998; Robinson & Alloy, 2003; Nolen-Hoeksema, 

Morrow, & Fredrickson, 1993).  ERP studies have also supported this model, revealing 

differential cognitive processing in depressed patients compared to healthy participants, 

specifically showing that depressed individuals display a uniquely amplified P3 response to 

negative stimuli, reinforcing the link between depression and aberrant, perseverative processing 

of negatively valenced emotional stimuli (Ilardi et al., 2007). 

Role of Attribution in Information Processing.  

Weiner’s attributional theory of motivation and emotion supports Watkins and Teasdale’s 

model and proposes a mechanism for these cognitive biases in depression, which is useful in 

considering how OND individuals may be similar to and divergent from OD individuals.  Weiner 

proposed three main influences on people’s perception of causality: locus of cause, stability, and 



4 

 

controllability and suggests that globality may also play a role.  He argues that individuals’ views 

on these factors will effect their subsequent emotional responses and motivation (Weiner, 1985).  

OND and OD individuals should still maintain societal ideals of weight and mental/personality 

characteristics even though they may not feel that they embody these characteristics. According 

to Watkins and Teasdale’s model, depressed people exhibit a strong self-focus.  Thus, OD people 

should attribute their weight and emotional status to internal/personal factors rather than 

environmental factors and see thinness and happiness as ideals they have failed to meet.  This 

failure will have a greater negative impact on their self-esteem than if they attributed the cause of 

their weight or mood status to environmental factors.   

The rigid, ruminative nature of depresstypic thoughts also helps perpetuate perception of 

stability of negative events and ideas; Watkins and Teasdale argue that depressed people are 

unable to move beyond these thoughts and make alternative attributions.  Furthermore, people 

who are dissatisfied with their current weight or emotional status and see it as more stable will 

experience greater feelings of hopelessness and more susceptible to depression than people who 

see these statuses as dynamic.  

Finally, if people view their failures to maintain an ideal weight or mood status as 

controllable then they will be more likely to feel shame than if they view these things as out of 

their control.  Weiner then argues that low self-esteem, hopelessness, and shame are the affective 

responses to these attributions and that they lead to congruent actions such as withdrawal and 

avoidance, which are consistent with depression (1985).   

Later work by Peterson, Seligman, and Vaillant suggests that individuals with a 

negativistic attributional style who conceptualize bad events as stable (unchanging over time), 

internal (their own fault), and global (generalizable to multiple domains of their self or world 
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view) have a greater risk for poor health (1988).  This concept of a particular event being seen as 

global and consistent over time and situations links with Watkins and Teasdale’s 

conceptualization of depressotypic thoughts as being overgeneralizations. 

Ruminative self-focus in depression: ERP studies.  These overgeneralizations of 

negative thoughts may have implications for attention in depression.  One way past research has 

attempted to measure this is through the P3 ERP component, which can capture emotional 

arousal.  Although depressed individuals have been shown to display an attenuated P300 to 

various types of auditory sounds (e.g., Ancy, Gangadhar, & Janakiramaiah, 1996), pictures 

(Kayser, Bruder, Tenke, Stewart, & Quitken, 2000), shapes (Chakroun, 1988), and symbols 

(Bruder et al., 1991), it seems that negative stimuli uniquely amplify their P300 response.  A 

study performed by Ilardi et al. found a larger P300 to negative depression consistent word 

stimuli in depressed patients compared to healthy controls (2007).  Deitrich et al., who had 

similar findings, suggests that this effect may be due to the fact that the negative words are more 

congruent with depressed people’s ruminative thoughts (Dietrich et al., 2000).  Furthermore, a 

study by Atchley et al. found depressed patients to be more accurate in judging the valance of 

negative words than healthy participants when words were presented to the left visual field; 

controls showed greater accuracy in judging the valance of positive words presented to the left 

visual field (2007).  This finding is of importance because words presented to the left visual field 

are processed in the right hemisphere, which is thought of as the predominant hemisphere for 

emotional processing (Canli, Desmond, Zhao, Glover, & Gabrieli, 1998; Davidson 1995), again 

reinforcing the link between depression and aberrant processing of negatively valenced 

emotional stimuli. 
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Recent work by Berman et al. has also shown that depressed individuals tend to hold onto 

negative information in their short term memory longer than healthy controls.  This inability to 

inhibit negative information may be linked to rumination and impairments in concentration that 

are features of depression (Berman et al., 2011).  Berman et al. found that this inability to clear 

and inhibit information from short-term memory in depression was specific to negative 

information and did not hold true for positive information.  This would suggest that depressed 

individuals should have a larger P3 response to negative information, but not positive 

information as was found in the 2007 study conducted by Ilardi et al.   

This line of research has shown that there are cognitive biases in depression towards 

negative information in general and also specifically towards negative self-referent information.  

These biases are consistent with the maladaptive negative thought pattern that typifies 

depression.  In the next section, I will discuss how perception may also be biased in individuals 

who are obese.  The bias observed in obesity is again negativistic and self-referent, but is focused 

on body image rather than a generalized negative self-assessment. 

Obesity and Body Image 

In behavioral studies, obese people were more likely to overestimate their body size when 

compared to normal weight controls (Garner, Garfinkel, Stancer, & Moldofsky, 1976).  There is 

also a connection between poor body image and obesity (Friedman & Brownell, 1995).  

Overweight status has been linked to lower self-esteem in adolescent girls (Ivarsson, Svalander, 

Litlere, & Nevonen, 2006).  Furthermore, studies have linked a higher belief in internal locus of 

control for weight with lower self-esteem, higher antifat prejudice, and lower psychological well-

being in overweight individuals (Crandall, 1994; Quinn & Crocker, 1999; Tiggemann & 

Rothblum, 1997).  However, Quinn and Crocker found no difference in psychological well-being 
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between normal weight and overweight individuals who believed they had little control over 

their weight, implying that perception of control plays mediating role in psychological well-

being for heavy weight individuals (1999).  Quinn and Crocker (1999), Crandall (1994) also 

propose that this perception of controllability is key for the negative attributions about self in 

heavy weight individuals.  They go further and link perceived controllability to the protestant 

work ethic engendered in America’s individualistic culture, suggesting that heavy individuals 

who believe in high controllability of their weight hold views that are counter to their self-

interest because they see their weight as a failure to work hard or a lack of self-discipline.  This 

in turn leads to negative feelings about themselves.  

These finding may elucidate why some obese people are at a higher risk for depression, 

given that feelings of shame and of self-blame are consistent with depression and why others 

who do not exhibit this attention bias may not develop depression.  In Kim and colleagues’ 2011 

review of the relationship between shame, guilt and depression, they define shame as a negative 

evaluation of one’s self-identity that is stable, assumes excessive responsibility for 

uncontrollable events, and global and found that it was strongly associated with depressive 

symptoms (Kim, Thibodeau, & Jorgensen, 2011).  Further, low self-esteem has been linked to 

increased levels of depression with rumination partially mediating this relationship (Kuster, Orth, 

& Meier, 2012).  As discussed above, rumination may be linked to the aberrant attentional 

pattern observed in depression.  Thus if obese individuals have lower self-esteem, they may be 

more susceptible to rumination, which has been linked and subsequent depression.  Furthermore, 

obese individuals who see their size as an inability to control their weight and be self-disciplined 

may experience low self-esteem and shame, which are constructs that have both been tied to 

depressive symptoms and rumination.   
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Evidence of the idea that negative attentional biases might be a shared cognitive marker 

for both depression and obesity comes again from the ERP literature.  Differences in processing 

of valenced body-image words have been found between women who are dissatisfied with their 

weight compared to a control group.  Gao and colleagues found a larger P3 to both positive and 

negative body-image words than to neutral words in the women who were dissatisfied with their 

weight (Gao et al., 2011).  Women who expressed weight concerns also had slower response 

times when asked to classify positive words that refer to body image when primed with a self-

relevant “I” cue than when primed with an other-relevant cue, which was not the case for the 

control group.  This suggests that weight concerns can cause cognitive interference when 

processing weight related information that is self-relevant (Chen & Jackson, 2006) and heighten 

attention to these items.  

 Attention bias in obesity may not only be about the self, however, other types of 

attentional bias have been found in obese individuals, which might provide additional challenges.  

For example, research looking at attention in obesity has examined obese individuals’ responses 

to food cues and have shown that obese individuals have increased automatic attention to food 

cues, but not an increased conscious attention bias to food cues (Nijs, Franken, & Muris, 2010; 

Nijs & Franken, 2012; Nijs, Muris, Euser, & Franken, 2010).  While this kind of attentional bias 

may not lead directly to an increased risk for depression, it likely has a more indirect effect.  

Hyper attention to food cues is likely to make it harder for individuals to stick to a restrictive diet 

further engendering a sense of shame and failure for obese individuals, which may lead to a more 

negative attributional style and the development of depressive symptoms as discussed above.  

This additional evidence for attention bias will not be directly assessed in the current research, 
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but it does illustrate the utility of ERP measures for studying attention processes in patients with 

obesity. 

The Current Study 

 The current study is interested in examining cognitive markers of depression 

vulnerability in obesity with the specific aim of exploring attentional bias in these diseases.  

Attentional bias to emotional words and words that vary in degree of physicality were explored 

in three groups of individuals (depressed, obese individuals; obese, non-depressed individuals; 

and normal weight, non-depressed individuals) using ERP measures.  A norming study was 

conducted prior to the current study to develop and norm a stimuli set for the current study, 

which will be discussed in further detail in the stimuli development section.  In the current 

psychophysiological study, responses to neutral, negative physical, negative non-physical, 

positive physical, and positive non-physical words were measured using the P3 ERP component.   

Specific Aims 

 The three specific aims of this study were: 1) establish that the developed stimuli 

set produces a P3 in an oddball paradigm 2) examine attention for emotional valence in 

depression and obesity 3) examine attention for physicality in depression and obesity.  

Aim 1: Establish the existence of P3 in response to the newly developed stimuli set.  

This is the first study to use this set of standardized emotionally valenced words that vary in 

degree of physical and nonphysical traits.  Therefore, as a preliminary analysis, it is important to 

establish that this set of word stimuli is capable of evoking attention bias in a classic P3 oddball 

paradigm.  In accordance with the literature on the P3, all groups should exhibit greater attention 

to rarely presented target stimuli (ie: valenced physical and nonphysical words), when compared 

to frequently presented non-target stimuli (ie: neutral words).  This peak in attention is captured 
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by a positive peak in ERP response between 500-600ms known as the P3.  I hypothesized that 

there should be a difference in the amplitude between the rare, valenced words and the frequent, 

neutral words, with the rare, valenced words evoking a more positive peak.  This result would 

indicated that participants attended more to the rare, target stimuli than the frequent, non-target 

stimuli and that participants attended more to the valence words than the neural ones. 

Aim 2: Examine attention for emotional valence in depression and obesity.  Past 

research suggests that people have an attentional bias to negative information and that this 

negative attention bias is exacerbated in depression (Gotlib & Neubauer, 2000; Ilardi et al., 

2007).  The current study presented positive, negative, and neutral words.  Therefore, I predicted 

that overall, negative words should produce a larger P3 than positive words in all groups.  I 

would also expect an interaction between group and word valence such that the depressed obese 

group should have a larger P3 response to the negative words than the control group.  If this 

negative attention bias observed in depression is also present in the obese non-depressed group 

and not in the control group, this would suggest that this negative attention bias may be a risk 

factor for developing depression in currently obese non-depressed individuals.  However, if the 

obese non-depressed and control groups have similar responses, then this would indicate that the 

obese non-depressed participants do not exhibit such a cognitive bias despite being at a higher 

risk for depression than the healthy weight control group.    

Aim 3: Examine attention for physicality in depression and obesity.  While research 

has examined the effects of word valance on attention, this is the first study to investigate the 

effect of physicality in depression and obesity.  People tend to have a greater attentional bias to 

personally salient or relevant information, which results in an elevated P3 to personally relevant 

information (Gray, Ambady, Lowenthal, & Deldin, 2004).  Therefore, I would predict that 
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depressed, obese individuals should have a larger P3 to both negative physical and nonphysical 

words compared to the control group.  This prediction is consistent with the depression literature 

that suggests that depressed individuals exhibit a generalized negative bias.   

There are three possible ways to conceptualize potential findings on attentional bias 

related to valence and physicality.  One possible explanation would be that the negative attention 

bias is specific to depression.  Previous research has demonstrated a negative attention bias in 

depressed individuals relative to non-depressed individuals.  However, second possible 

explanation is that the attentional bias is not specific to depression, but rather to obesity.  Finally, 

there could be an interaction between depression and obesity in attention bias.   

  
Figure 1. Predicted P3 difference amplitudes for valenced words compared to neural words. 

Predicted results if depression alone effects attention and processing of valenced words (a) and if 

obesity alone effects attention and processing of valenced words (b).  

 

As previously discussed, the P3 component of ERPs is a well-established index of 

attention and information salience.  Therefore, according to the first explanation (depression 

only), I would predict that the depressed, obese group would show an increased attention bias to 

negative physical and negative non-physical words, as demonstrated by an increased P3 relative 
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to the obese, non-depressed group and the healthy weight, non-depressed group (Figure 1a).  The 

second explanation (obesity only) would predict that both the depressed, obese and the obese, 

non-depressed groups would show an increased attention to negative physical and non-physical 

words relative to the healthy weight, non-depressed group.  (Figure 1b).   

Finally, the third explanation (interaction between depression and obesity) would predict 

that depressed, obesity group would show a strong attention bias to negative physical and non-

physical words, as indexed by a heightened P3.  However, in this possible interaction, the obese 

group should have a heightened P3 to negative physical words, given that they are relevant to 

their body size and shape compared to the control group. This finding would be consistent with 

Chen and Jackson’s work on embodied, self-relevant words in obesity (Chen & Jackson, 2006).  

A theoretically critical outcome of this study is to observe what happens with obese, non-

depressed group for the negative, non-physical stimuli.  I expect that one of two outcomes are 

possible. (Figure 2, Option 1) A P3 in the obese, non-depressed group to both negative physical 

and non-physical words would suggest that the obese, non-depressed group would look similar to 

the obese, depressed group and has a generalized negative attention bias, putting them at a high 

risk for depression.  This may also mean that ERPs may be a more sensitive marker of pre-

clinical depression.  (Figure 2, Option 2). However, the absence of an elevated P3 to negative 

non-physical words would indicate that the obese, non-depressed group processes emotional 

information in a way that is more similar to the healthy-weight, non-depressed group.  This result 

would suggest that the way in which obese individuals process emotional information may not be 

what leads them to have a higher risk for depression and that they are not more sensitive to self-

referent, negative stimuli than people who are health-weight, if that information is unrelated to 

their weight and physical appearance. 



13 

 

 
Figure 2. Predicted P3 difference amplitudes for valenced words compared to neural words.  

Predicted results if attention and processing of valenced words are influenced by an interaction 

between depression and obesity.  (Option 1) Potential result if obese, non-depressed individuals 

show an overall negativity bias. (Option 2) Potential result if obese, non-depressed individuals 

show a selective negativity bias to negative words related to body image. 

 

Method 

Participants 

Word norming study.  The word stimuli for the current study were normed in a previous 

study.  In that study, 61 participants (33 male and 28 female) from an introductory psychology 

class at the University of Kansas, who received course credit for their participation, rated 409 

word stimuli.  These participants self-report age, height, weight, handedness, and whether 

English was their first language. 

Electrophysiological study.  For the current study, 77 females from an introductory 

psychology class at the University of Kansas and from the surrounding community, who did not 

participate in the norming of the stimuli, were recruited to participate.  Female are the focus in 

this study since women are more susceptible to depression and obesity (Weissman et al., 1996; 

Simon et al., 2008).  Participants from the introductory psychology course received course credit 
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for participating in this study.  Community members who participated in the study received $25 

as compensation for their participation.   

Individuals with a history of head trauma, neurological disorders, or substance abuse, as 

well as left-handed individuals and non-English speakers were excluded.  Upon arrival for the 

study, participants’ height and weight were measured to calculate BMI.  Individuals whose BMI 

fell in the overweight category (BMI of 25-29.9) were also excluded.  Participants were between 

the ages of 18 and 55 years old.   

Table 1 

Demographics  

Group Control  OND OD Total 

Mean age (SD) 21.54 (7.04) 20.22 (4.15) 29.09 (13.78) 23.70 (9.88) 

Ethnicity 

     Caucasian 

     African American 

     Native American 

    Other 

 

92.3% 

8.33% 

0% 

0% 

 

55.56% 

0% 

11.11% 

33.33% 

 

63.64% 

18.18% 

0% 

18.18% 

 

72.72% 

9.09% 

3.03% 

15.15% 

N 13 9 11 33 

 

Of the 77 females recruited from the electrophysiological study, 49 met inclusion criteria 

for the study.  An additional 16 were excluded due to an insufficient number of usable trials (less 

than 10 per condition) in the ERP data.  The final sample was comprised of 33 females (Table 1).  

Thirteen of these females were in a healthy weight range (BMI within the range of 18.5 to 24.9).  

These women also had no current or past history of depression, generalized anxiety disorder, or 

eating disorders and comprised the control group.  Nine obese (BMI of 30 or above) women with 

no current or past history of depression, generalized anxiety disorder, anorexia nervosa, or 

bulimia nervosa comprised the obese group.  Finally, 11 obese, depressed women were selected.  

These women had a BMI of 30 or above and met the SCID criteria for current major depressive 

disorder but had not current or past history of anorexia nervosa or bulimia nervosa.  The 
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University of Kansas Institutional Review Board approved this study and all subjects were given 

written, informed consent prior to starting the study. 

Stimuli development 

A norming study was completed prior to the current study and the results from this rating 

study were used to validate and select the word stimuli for the current study.  In the norming 

study, 409 person-referent words were visually presented for 500 milliseconds (ms) each to 61 

participants who rated each word in three ways: on a 1-5 scale for intensity, on a 1-5 scale for 

valence, and on whether the word describes physical appearance or whether it describes an 

emotional state, a mental characteristic, or a personality trait.  From these ratings, a list of 48 

affective stimuli were chosen from the norming study based on intensity, valence and whether 

the word describes physical appearance (physical) or whether it describes an emotional state, 

mental characteristic, or personality trait (nonphysical).  Half the words were positive and the 

other half were negative.  In order to compare selective attention to weight related information, 

24 valenced words that are weight/appearance related (Fat or Slim) and 24 valenced words that 

are person-referent but not related to body shape or appearance (Caring or Unsympathetic) were 

selected.  Additionally, 192 standard, affectively neutral words (Table) were selected from 

previous norming research (Affective Norms for English Words (ANEW); Bradley & Lang, 

1999), yielding a ratio of 80% neutral-frequent words to 20% valenced-rare words, which is 

consistent with the oddball paradigm (Donchin & Heffley 1978 as cited in Luck & Kappenman, 

2011; Prichard, 1981 as cited in Luck & Kappenman, 2011) (Table 2).  All words were balanced 

for production frequency, valance, and intensity. 
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Table 2. 

 Examples of stimuli. 

Stimuli Valence Physicality Examples Number of stimuli 

presented 

Negative (Rare) 
Physical 

Non-physical 

Chubby 

Worthless 

12 

12 

Neutral (Frequent) Neutral Door 192  

Positive (Rare) 
Physical 

Non-physical 

Fit 

Self-confident 

12 

12 

 

Electrophysiological study 

Electrophysiological Recording and Analysis. The EEG data were collected with a 128 

channel high density Electrical Geodesics, Inc. (EGI) system, version 2.1.  Stimulus onset was 

synchronized to ERP recordings through the use of E-Prime software (Psychology Software 

Tools, Inc., Pittsburgh, PA).  The epoch of data that will be analyzed is from 100 ms prior to the 

critical word presentation to 1500 ms post-presentation.  EGI’s software was used to process the 

data.  A 30Hz lowpass filter was applied, then the trials were segmented, artifact detection and 

bad channel replacement, followed by referencing to VRef and baseline correction 300ms prior 

to the start of the trial were applied to the data.  Runs with motion artifact exceeding 65 

millivolts (mvols) were removed from analyses.  The P3 component of the ERP data was 

computed from 500ms-600ms at channel 62, which is in the mid parietal region in the Pz cluster 

(Johnson, 1993).  This area has been demonstrated to have differential P3 responses in depressed 

and non-depressed people.  The later time window for P3 was also selected given that depressed 

individuals have been shown to have a latent P3 response, consistent with slower processing 

speed (Bruder, Kayser, & Tenke, 2012; Cavanagh & Geisler, 2006; Kayser, Bruder, Tenke, 

Stewart, & Quitkin, 2000).  

Difference waves were calculated by subtracting the mean amplitude for the neutral 

words from the mean amplitude of the positive and the negative words.  Individual participants’ 
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mean amplitudes were then averaged within each of the three groups (OD, OND, HW) for the 

positive words and the negative words to produce grand averages.  Statistics were then be run on 

those averages.  To ensure that the newly developed stimuli set evoked a P3, valenced (rarely 

presented) and neutral (frequently presented) stimuli were compared with a one-sample t-test, 

comparing the difference amplitude to zero, collapsing across positive and negative word stimuli.  

To evaluate whether there was an effect of valence and physicality, difference amplitudes for 

positive and negative words and for physical and non-physical words were compared using 2x2 

repeated measures ANOVA collapsing across groups.  Group differences in the effects of 

valance and physicality of the stimuli were tested using a 3x2x2 repeated measures ANOVA 

(Group: healthy control, obese, or depressed and obese) x (Valance:  positive or negative) x 

(Physicality: physical or non-physical). 

Experimental Procedure.   After giving consent, participants’ heights and weights were 

measured.  They also completed the Beck’s Depression Inventory (BDI), which is a 21-item self-

report measure of depression (Beck, Ward, Mendelson, Mock, & Erbaugh, 1961), and then the 

mood, eating disorder, and substance abuse modules of the Structured Clinical Interview (SCID) 

for DSM-IV Axis I Disorders, Research Version, Patient Edition (First, Spitzer, Gibbons, & 

Williams, 1997) to assess for depression, anxiety, substance abuse, and eating disorders.  Next, 

participants were seated in front of a computer monitor and fitted with the ERP cap.  They then 

complete the ERP portion of the study, viewing positive and neutral words, and negative and 

neutral words.  Upon completion of this task, participants completed several self-report surveys 

on the computer, self-reporting their age and ethnicity and family history of depression.  They 

also completed the Beck’s Anxiety Inventory (BAI), which is a 21-item self-report measures of 

anxiety severity (Beck, Epstein, Brown, & Steer, 1988), the trait though-shape fusion 
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questionnaire as well as the state thought-shape fusion questionnaire, which is self-report 

measures of eating disorder psychopathology (Shafran, Teachman, Kerry, & Rachman, 1999), 

the Binge Eating Scale (BES), which is a 16-item self-report measure that assess binge eating 

behaviors (Gormally, Black, Daston, & Rardin, 1982), the Three-Factor Eating Questionnaire 

(TFEQ), which is a 51-item self-report measure of eating restraint, disinhibition, and hunger 

(Stunkard & Messick, 1985), the Rumination Response Scale (RRS), which is a 22-item self-

report sub-scale of the Response Styles Questionnaire (RSQ)  that  measures participants’ 

frequency of ruminative thoughts patterns  (Nolen-Hoeksema & Morrow, 1991), and Stunkard’s 

Figure Rating Scale, which measures individual’s perception of their own body size as well as 

what they consider to be an ideal body size (Stunkard, Sørensen, & Schulsinger, 1983).  The 

results of the self-report surveys will not be discussed in this document.   

The task encompassed two blocks.  One block contained positive and neutral words and 

the other block contained negative and neutral words.  The same neutral words were used in both 

blocks and the order that the blocks were presented in were counterbalanced.  As discussed 

above, , the well-established oddball paradigm was employed, which is often used to evoke P3 

responses (e.g.,Osterhout & Holcomb, 1995; Reinvang, 1999).  In this paradigm, the ERP 

response to a frequently occurring stimulus type (neutral words) was compared to a rare 

occurring stimulus type (either positively or negatively valenced words).  Each word was 

presented for 500 ms followed by a 500 ms fixation.  Neutral and valenced words were presented 

in a random order.  At the conclusion of the study, study personnel debriefed participants.  The 

study required approximately three hours to complete. 

Results 

Analyses were conducted to establish that a P3 was successfully produced for the 
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rare/valenced word condition compared to the frequent/neutral word condition across all groups.  

One sample t-test results comparing difference waves indicated that there was a greater P3 for 

the rare/valenced words than for neutral words (t(131)=6.438, p<0.001), demonstrating that the 

paradigm was successful in eliciting a P3 response (Figure 3).

                 

Figure 3. Mean difference amplitude for 

valenced (rare) – neutral (freuqnet) stimuli 

collapsing across groups.  

Figure 4. Mean difference amplitude for 

positively and negatively valenced words, 

collapsing across groups. 

       

The amplitude of the P3 for positively versus negatively valenced words was compared 

in an effort to replicate past literature finding an overall attention bias towards negative words as 

was the amplitude of the P3 for physical and non-physical words in a 2x2 repeated measures 

ANOVA.  The results of this repeated measures ANOVA showed a significant main effect of 

valence and a significant interaction of valence x physicality, but no main effect of physicality 

(Table 3).    
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Table 3 

2x2 Repeated Measures ANOVA 

Variable Mean (SD) F (1,32) (p) 

Valence   8.173  0.007 

Positive 1.009 0.362   

Negative 2.139 0.404   

Physicality   0.203  0.656 

Physical 1.640 .364   

Non-physical 1.507 .357   

Physicality x Valence   6.542 0.015 

+ Physical .479 .526   

+ Non-physical 1.539 .450   

-  Physical 2.802 .476   

-  Non-physical 1.475 .434   

 

These results support previous findings and show a larger P3 for negatively valence 

words compared to positively valenced words (Figure 4).  There was no difference in P3 

amplitude for physical words compared to nonphysical words.  However there was an interaction 

between valence and physicality.  Post-hoc t-tests showed difference between positively and 

negatively valenced physical words with negatively valenced physical words producing a larger 

P3 (t(32)=3.622, p=0.001) and between negative physical and non-physical words with negative 

physical words evoking a larger P3 (t(32)=2.046, p=0.049).  The comparison between negative 

physical words and positive non-physical words was marginally significant (t(32)=1.942, 

p=0.061) (Figure 6).  Figure 5 depicts the P3 elicited the four stimuli conditions (negative non-

physical, negative physical, positive non-physical, and positive, physical) in the three groups. 
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Figure 5. Time course plots of the ERP waveforms with 0 ms on the X-axis representing 

stimulus onset and the P3 window examined from 500-600ms depicted in blue. 

 

There were no effects of group on valence (F(1,30)=0.534, p=0.592) or physicality 

(F(1,30)=0.254, p=0.777) or on the interaction of the two (F(1,30)=0.817, p=0.451)  in the 3x2x2 

ANOVA (Group: healthy control, obese, or depressed and obese) x (Valance:  positive or 

negative) x (Physicality: physical or non-physical).  There was also no main effect of group 

(F(2,30)=1.264, p=0.297).   
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Figure 6. Mean difference amplitude for each stimulus type, collapsing across groups. 

*p<0.05, **p=0.001 

Discussion 

The purpose of this study was to investigate differences in the cognitive processing of 

person-referent words in depression and obesity and identify a cognitive marker of depression 

vulnerability in obesity.  Attention to physical and non-physical person-referent stimuli was 

compared through the analysis of P3 difference wave amplitudes, as the P3 captures attention 

allocation to salient stimuli.  The results indicated three main findings: 1) The P3 oddball 

paradigm with valenced (rare) and neutral (frequent) words produces a reliable P3 ERP 

component.  2)  The magnitude of the P3 is influence by word valence, with an attention bias 

towards negative words across groups.  3) Valence impacts the response to the physicality of the 

words such that there is a greater attentional bias towards negative physical words than positive 

physical words and a greater attentional bias towards negative physical words than to negative 

non-physical words across groups.  The numerical and statistical trends in the data seem to argue 

that there is a particular attentional salience for negative information that references physicality.  
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There was no difference in P3 amplitude between the two positive conditions and the negative, 

non-physical condition.  There were no significant effects of group on overall amplitude, 

valence, or physicality.   

Establishment of a reliable P3 component demonstrates that the paradigm and this newly 

developed stimulus set are capable of capturing attention and could have applications in future 

studies of obesity and embodiment.  While there was no rare, neutral word condition to compare 

the magnitude of the P3 for the rare, valenced word condition to, previous research has shown a 

greater P3 to emotionally valenced words compared to neutral words (Stormark, Nordby, & 

Hugdahl, 1995).  As discussed by Stormark, Nordby, and Hugdahl, emotionally valenced words 

can evoke memories with emotional connotations, which then makes it more difficult to shift 

attention away from an emotionally valenced cue relative to a neural cue.   

This general attention bias to affective information would suggest that valenced words 

would conjure up memories that are the most salient and accessible to a particular individual.  

Thus, one might expect positively valenced words to be more salient to euthymic individuals and 

negatively valenced words to be more salient to depressed individuals.  While this study did not 

find statistically reliable differences in attentional salience between the non-depressed groups 

and the obese, depressed group, this line of reasoning has important implications for the current 

study.  It suggests that the obese, non-depressed group may have more difficulty shifting 

attention away from the relevant self-referent words (i.e. negative physical word) and the obese, 

depressed group may have more difficulty shifting attention away from the negative physical and 

non-physical words as these words should be more salient to them and linked to memories that 

are more readily accessible, given their generalized depressotypic mindset.  The interaction 

found between valence and physicality lends support to this hypothesis.  The negative physical 



24 

 

word condition evoked the largest P3 difference amplitude across groups, indicating that it was 

the most salient.  Given that the negative, physical condition was predicted to be one of the most 

salient conditions for two out of the three groups examined in this study (obese, depressed and 

the obese, non-depressed groups), it follows that this condition should have an increased P3 

difference amplitude when collapsing across groups. 

Furthermore, negative cognitive styles have been found to interact with rumination to 

predict onset, number, and duration of depressive episodes (Robinson & Alloy, 2003), thus 

understanding if the obese, non-depressed group exhibits a negative cognitive style is critical to 

understanding their vulnerability to depression.  Moreover, the general bias towards negative 

information and the propensity to ruminate, which are known features of depression, are a 

potential causal mechanism for the difficulties in shifting attention observed in depression. This 

notion is further supported by findings that suggest that depressed individuals have difficulty 

shifting attention during affective tasks compared to non-depressed controls (Lo & Allen, 2011) 

and show diminished ability to inhibit information after being primed with a rumination 

induction when compared to non-depressed controls (Watkins & Brown, 2002).  While not 

statistically reliable, the current study found a trend for the obese, depressed group to have 

higher overall attention to valenenced words compared to the control group, which was more 

pronounced in the negatively valenced words (Figure 7).  The aberrant attentional patterns 

indicating a hyper-focus on negative information.  Deficits in executive function seen in 

depression not only make these processes targets for cognitive therapy, but also demonstrate that 

cognitive markers such as the P3 vary between depressed and non-depressed groups and can be 

used to potentially distinguish between depressed and non-depressed individuals.  Therefore 

when examining the data in the current study with respect to the obese, non-depressed group, 
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there is evidence to believe that this paradigm should be sensitive to cognitive vulnerabilities to 

depression. 

        
Figure 7. Mean difference amplitude for 

positively and negatively valenced words 

broken down by group, collapsing across 

physical and non-physical conditions. 

Figure 8. Mean difference amplitude for each 

stimulus type broken down by group. 

 

As was just discussed, the obese, depressed group show a trend towards heightened 

attention to valenced words compared to the control group.  Interestingly, the obese, non-

depressed group tends to mirror the obese, depressed group’s increased attention pattern to 

negative words, but looks more like the control group with respect to positive words (Figure 7).  

Furthermore, the obese, non-depressed group shows the greatest attentional bias to negative 

physical words, indicating that these words are particularly salient and relevant to them (Figure 

8).  These trends bolter the argument that the obese, non-depressed group has an aberrant 

attentional pattern to select negative stimuli, but that this attentional pattern has not generalized 

to the same extent that it has in the obese, depressed group.  In fact, in 2008, Markowitz, 

Friedman, and Arent argued that negative thoughts might be a common mechanism leading to 

the bidirectionality of obesity and depression (Markowitz, Friedman, & Arent, 2008).  However, 
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the full causal mechanism for these comorbid conditions may be more complicated.  As 

discussed in Hrabosky’s 2008 review, Kendall and colleagues argued that in obesity, having a 

high amount of negative self-thoughts and a low amount of positive self-thought was a better 

predictor of depression than negative self-thoughts alone (as discussed by Hrabosky & Thomas, 

2008).  This finding is relevant to the obese, non-depressed group in this study, who have a 

selective negative attention bias to physical information, similar to the obese, depressed group.  

However, the obese, non-depressed group mirrors the processing style of the control group for 

positive information, which suggests that they may have higher amounts of positive self-thoughts 

than depressed, obese individuals, which may be a protective factor against the development of 

depression in this group.  

Another framework through which to interpret these results is to return to attribution 

theory. The trend towards an attention bias to negative physical words in the obese, non-

depressed group could indicate that the obese, non-depressed group sees the negative weight and 

body image related words as more self-relevant and salient leading to a larger P3 and that this 

condition causes more cognitive dissonance for the obese, depressed group.  Steele’s argument 

for the role of self-affirmation in the maintenance of self-integrity could help support these 

finding (1988).  Steele asserts that when people’s self-concept is threatened, they will look for 

other ways to reaffirm their self-concept.  Thus, the obese, non-depressed group could see rating 

the negative physical words that are self-descriptors (e.g. Fat) as negative during the ERP task as 

a threat to their self-concept and look to reaffirm that self-concept by viewing themselves more 

positively in other domains (e.g. positively valenced words).  This would suggest that the obese, 

non-depressed group should have less dissonance in rating themselves high on the positive traits 

and may not perseverate on the choice to rate the word as positive or neutral as much.  Thus if 
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the obese, non-depressed group still maintained a positive self-view, which may be mediated by 

a perceived lack of control of their weight, they would experience cognitive dissonance when 

forced to rate words that describe their body as negative.  Steele’s theory would then predict that 

they would work to reduce this dissonance and maintain overall self-integrity through affirming 

a positive self-value in other ways and thus not exhibit as great of an attention bias towards 

positive words, mimicking the control group for those conditions (Figure 7).  This theoretical 

argument would is also supported by Kendall et al.’s research discussed in the previous 

paragraph such that while having an attentional response that is similar to the obese, depressed 

group, the obese non-depressed group maintains an attentional response to positive words that is 

similar to the control group.  Kendall et al. linked this balance between positive and negative 

self-referent information to more positive mental health than the overall negative pattern evinced 

by the obese, depressed group (as discussed in Hrabosky & Thomas, 2008). 

To look more closely at potential delineating factors between obese, non-depressed 

individuals and obese, depressed individuals that are consistent with the trend for the obese, non-

depressed group to have increased attention that is specific to negative words related to body 

image, I will discuss the role of body image, self-esteem, and stigmatization in obesity.  As 

discussed in the “Body Image and Obesity” section of the introduction, a higher belief in an 

internal locus of control of weight has been linked to lower self-esteem and worse psychological 

outcomes (Crandall, 1994; Quinn & Crocker, 1999; Tiggemann & Rothblum, 1997).  Annis, 

Cash, and Hrabosky also found that overweight women tend to be more preoccupied with 

weight, their appearance, have lower self-esteem and life satisfaction and have been stigmatized 

than formerly overweight and health weight individuals (2004).  This stigmatization has 

dramatically increased in the past decade and occurs at rates that are commensurate with racial 
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discrimination.  According to Puhl and Heuer’s 2009 review of the stigma of obesity, weight 

biases are present in the workplace, in health care, and in educational settings.  They argue that 

individuals who are obese are stereotyped as “lazy, unmotivated, lacking in self-discipline, less 

competent, noncompliant, and sloppy” (Puhl & Heuer, 2009).  These sentiments link closely to 

Crandall’s argument about the protestant work ethic and place the locus of control on the 

individual, putting forth the idea that their weight should be controllable.  Thus, bodily 

characteristics are the factor that is causing obese individuals to be stigmatized and they are also 

the stimuli in this study (negative physical words) that the obese, non-depressed individuals and 

the obese, depressed individuals find most salient and have a heightened attentional bias towards. 

Typically, marginalized groups hold an in-group bias that helps buffer them from such 

out-group criticism.  However, literature on stigmatization and obesity also suggests that 

overweight and obese people do not hold an in-group bias, but rather stigmatize other obese 

individuals (Wang, Brownell, & Wadden, 2004).  There have been some cultural differences 

noted in this behavior.  Specifically within the African American culture, women tend not to 

stigmatize obesity (Hebl, King, & Perkins, 2009).  Nevertheless, this stigmatization and lack of 

in-group support may lead to less social support, which is a risk factor for depression.   

Thus, some potential distinctions between obese individuals who are depressed and ones 

who are not depressed may be their exposure to these stigmas, whether they internalize these 

personality characteristics presented in the stigmas, and whether they see their weight status as 

controllable and an indicator of their failure to regulate their eating or other weight related 

behaviors.  Individual’s self-esteem may be impacted depending on where individuals align 

themselves on these variables, and may lead to the development of a negative generalized sense 

of self and subsequent depression.  Low self-esteem and lack of social support are related to an 
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increased risk for depression (Brown, Andrews, Harris, Adler, & Bridge, 1986), whereas, higher 

levels of social support have been shown to buffer stress and be associated with better health 

outcomes (Cohen & Wills, 1985; Uchino, 2006).  Thus the role of self-esteem and social support 

are important factors to consider when examining and attempting to explain the distinguishing 

cognitive features between these groups. 

Conclusion 

This study aimed at exploring the differences in cognitive processing in HW, OND, and 

OD people, with the hopes of identifying how obesity increases a person’s vulnerability for 

depression.  The trend towards a difference in attention to negative non-physical words in the 

OD group compared to the control group and the extent to which obese individuals generalize 

negative self-referent information suggest potential risks for depression vulnerability in obesity.  

This knowledge may help guide cognitive therapy for obese individuals who are at risk for 

depression, emphasizing the importance of reinforcing positive self-attributes and avoiding 

negative self-focus and ruminative attention.  Such an approach has been shown to be effective 

in addressing depression and the attentional biases that accompany it.  For example, 

mindfulness-based cognitive therapy focuses on attention and has been shown to decrease 

rumination and depression (e.g., Deyo, Wilson, Ong, & Koopman, 2009; Helen & Teasdale, 

2004; Teasdale et al., 2000). 

Despite the fact that the hypotheses about group difference in attention were not 

statistically supported, the trends observed provide valuable insight for future directions in 

obesity and depression research.  Finding no statistical differences between the obese, non-

depressed group and the obese, depressed group may suggest that the obese group has a 
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subclinical level of depression that may eventually develop into depression over time, or that 

cognitive processing of physical words is not sensitive to this potential vulnerability.   

Further Directions 

In order to further test the hypotheses and results from this study, a longitudinal study of 

obese, non-depressed participants could be performed to see if any of the participants develop 

depression as a later point, then a post-hoc analysis could be done to try to identify how these 

individuals differed from the ones who did not later develop depression.  Additionally, this 

paradigm could be taken into an fMRI study to investigate structural and functional difference 

between these three groups.  Given the research on perceived controllability of weight and its 

link to self-esteem, these factors should also be considered as potential mediators in cognitive 

differences and be explored in future work.  Additional social and cultural factors such as social 

support and body image views within groups need to be examined to understand potential 

mediating factors.  

Limitations 

A few limitations of this study should be considered.  First, all participants are females.  

Since both obese and healthy weight females have a higher risk for depression then men, there 

may be a different cognitive process occurring in men that lowers their vulnerability to 

depression, which would be worthwhile to investigate.  Second, this study does not include a 

depressed, healthy weight group.  Given that one of the main aims of this study is to identify 

potential cognitive markers for depression in obesity, I was most interested in OND individuals.  

However, any differences I found between the OND and OD group could be due to depression 

alone and not the interaction of depression and obesity.  Additionally, this study had a small 

sample size, which limited the power for between group comparisons.  Lastly, a greater number 
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of trials for each stimulus type would potentially help to increase percentage of viable ERP data 

and help lower the standard error, thus increasing power and decreasing the chances of a type II 

error. 
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