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ABSTRACT 

USING AUDITORY EVOKED BRAIN RESPONSES TO DETECT ANXIOUS 
VULNERABILITIES IN NEONATES 

Kyle William Harvison 

August 4, 2006 

Anxiety disorders are prevalent in both adult and child populations, and 

are associated with significant economic and psychosocial costs. There are clearly 

familial patterns of transmission within the anxiety disorders, and the inherited 

risk is likely a non-specific vulnerability toward negative affect, with a biological-

environmental interaction leading to specific manifestations within the anxiety 

disorders. Among the vulnerabilities toward anxiety may be information 

processing biases that predispose individuals to be more vigilant to novelty, 

processes that may be specifically associated with the right cerebral hemisphere. 

The current study utilized auditory event related potentials (ERPs) to explore the 

degree to which such processes may be related to risk toward anxiety disorders in 

a neonatal population (n=30). Findings supported the growing evidence that 

predispositions toward anxious patterns of responding are associated with greater 

activation of the right cerebral hemisphere, as neonates of more highly anxious 

mothers displayed more positive right hemisphere responses overall. Further, 

consistent with theories that attentional biases toward novelty are associated with 

the development and maintenance of pathological anxiety, it was found that 
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measures of both maternal state and trait anxiety were significant predictors of the 

neonate's brain response to a stranger's voice. These findings are discussed in 

terms of implications for further understanding the developmental pathways 

associated pathological anxiety. 
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INTRODUCTION 

Defining Anxiety 

Anxiety is an age-old term whose precise meaning is difficult to establish given 

its variety of usages in both lay and scientific contexts. It has roots in the Indo-European 

word angh, meaning "weighted down with burdens," and its subsequent iterations in 

other languages have come to encompass the state's characteristic somatic arousal, 

SUbjective fear in the absence of imminent threat, and concerns about existence and the 

future (Himmelhoch, Levine, & Gershon, 2001). Lader and Wing (1964) illustrate the 

variety of clinical usages for this term, stating that anxiety "may refer to a personality 

variable, to a symptom accompanying physical or mental illness, or it may be a symptom 

occurring in relative isolation" (p. 210). Kagan (1994b) also highlights the myriad of 

usages for this term, describing anxiety in as a transient, quantitatively measured state, a 

more enduring and environmentally acquired quality, or a genetically determined trait. 

Barlow (2002) defines anxiety as an emotional state of vigilance or "anxious 

apprehension" directed toward future threat (p. 64). He suggests that this future oriented 

emotional state is characterized by a diffuse and objectless apprehension accompanied by 

a sense of un controllability, and that it has unique cognitive, physiological and affective 

components based in the defensive motivational system. In this conceptual framework, 

anxiety is differentiated from the emotional state of fear, which is hypothesized to be a 

qualitatively different, although closely related emotion in terms of phenomenological, 

psychological, and biological dimensions (Barlow, Brown, & Craske, 1994). Barlow's 
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conceptualization is largely consistent with the tripartite model of anxiety and depression 

originally presented by Clark and Watson (1991). 

In the tripartite model, anxiety and depression are closely related emotions in both 

their normal and pathological states. This relationship is evident, for example, in the 

consistently found moderate to high correlations among self-report measures of anxiety 

and depression (Clark & Watson, 1991). Although much of this overlap is accounted for 

by taxonomic and psychometric issues, a relationship remains even in the face of 

improved methodologies, and is also evident in correlations between clinician ratings of 

the states, as well as in the high comorbidity of anxiety and mood disorders (Watson, 

Clark et aI., 1995). To explain this robust relationship, the tripartite model adopts the 

notion that anxiety and depression share a common non-specific component called 

negative affect. This construct captures the general distress common to both states in 

terms of such symptoms as negative mood, disrupted sleep, and disruptions in cognitive 

processes such as attention and concentration. However, these states are differentiated 

based on the proposition that depression is more specifically related to anhedonia, or lack 

of positive affect, while anxiety is uniquely characterized by dimensions of physiological 

hyperarousal, as discussed in more detail below. This model has been supported by 

factor analyses utilizing a variety of measurement approaches across a diverse range of 

adult and child clinical and non-clinical samples (e.g. Brown, Chorpita, & Barlow, 1998; 

Clark, Steer, & Beck, 1994; Joiner Jr., Catanzaro, & Laurent, 1996; Watson, Clark et aI., 

1995; Watson, Weber et aI., 1995). 

It has long been recognized that anxiety is adaptive, if not essential, for humans. 

For example, Yerkes and Dodson (1908) found that moderate levels of stimulus intensity 
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actually serve to facilitate performance. Yerkes and Dodson's highly respected work has 

been replicated with modem techniques such as neural network modeling (Schreter, 

1990). As seen in the work of Hebb (1955), this relationship may be evident for more 

general states of arousal, with recent theorists applying t4is law to states of anxiety 

(Teigen, 1994). While anxiety is both useful and necessary for humans in terms of 

facilitating planning and adaptation (Barlow, 2002), it can also have devastating effects 

when present at excess levels, with disorders of anxiety counted among the most 

prevalent and debilitating conditions worldwide. Therefore, understanding the 

developmental psychopathology of anxiety, a quest that is in its infancy at best, is of 

critical importance. Before establishing a model for such an investigation, it is necessary 

to more fully explore the components, functions, and consequences of anxiety across the 

lifespan. 

Cognitive Components of Anxiety 

Beck and his colleagues (Beck, Laude, & Bohnert, 1975) studied ideational 

components of anxiety in a group of adults with anxiety neurosis. They found consistent 

themes that accompanied increased anxiety in these patients characterized by unrealistic 

fears of personal danger. These included fears of physical harm or more interpersonally 

based fears of rejection and humiliation. Matthews and Shaw (1977) later reported this 

connection in a mixed group of anxious patients, with patients reporting increased 

cognitions related to potential catastrophe or personal threat that accompanied states of 

increased anxiety. Hibbert (1984) extended this work in patients with both generalized 

anxiety disorder and panic disorder, and again found that increased anxiety was related to 

fears of personal danger, with the fears of generalized anxiety disorder patients relating 

3 



less to impending physical harm. Instead, they reported more vaguely defined fears 

related to being inadequate and unable to cope. 

Butler and Matthews (1983) also explored cognitive components of anxiety, and 

reported that anxious patients show interpretive biases in which they are more likely than 

controls to judge ambiguous material as threatening. Although this was also seen in 

depressed/anxious patients, anxiety seemed to be more specifically related to 

overestimating the possibility of personal risks (e.g., risk of threats to personal health) in 

the absence of overestimating the risk of such misfortunes befalling others. The data are 

interpreted in the context of Beck's cognitive triad model of depression, with the authors 

suggesting that clinically anxious individuals "may not regard the world as a universally 

unpleasant or dangerous place; rather they might see themselves as especially at risk" (p. 

60). Further, the authors posited a circular interaction model in which anxiety, triggered 

by perceived threat, activates "danger schemata" that serve to increase risk estimation 

and maintain or increase levels of anxiety (p. 61). 

Attentional processes are seen as integral to the process of emotion regulation 

(Wilson & Gottman, 1996), and there is a large body of literature exploring attentional 

biases as they relate to the emotional state of anxiety. Overall, it appears that anxiety is 

characterized by attentional biases toward perceived threat, with the degree of one's 

vulnerability toward anxious responding predicting the level of threat that will elicit such 

responding (Mogg et ai., 2000; Wilson & MacLeod, 2003). Mogg and Bradley's (1998) 

cognitive-motivational view of anxiety attempts to account for the findings in this line of 

research, purporting that while all individuals attend to stimuli perceived as threatening, 

anxious individuals have lower thresholds for the perception of threat. Matthews and 
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Mackintosh (1998) present a similar cognitive account whereby the tendency to perceive 

threat is affected by anxiety, and in tum, perceived threat heightens attention to threat 

related properties of the stimulus. These processes are also likely affected by individual 

differences in attentional control, with improved control over voluntary attentional 

allocation allowing even anxious individuals to effectively shift attention away from 

threat, allowing for improved coping in the face of such threat (Derryberry & Reed, 

2002). However, anxious individuals exhibit not only attentional biases toward threat, 

but may also have more general difficulties in sustaining attentional focus (Fox, 1993). 

This interesting finding supports neurobiological accounts of prefrontal cortical 

involvement in anxiety, a proposition that will be further explored later. 

Anxiety-related attention biases have consistently been demonstrated across a 

number of adult popUlations with a variety of stimuli, both auditory and visual. For 

example, high trait anxiety has been associated with increased attention to threatening 

cues, as well as difficulty disengaging from such cues (e.g., Yiend & Matthews, 2001). 

Using a dot probe task, Macleod, Matthews, and Tata (1986) found that patients referred 

for anxiety management training were more likely to attend to threat related words than a 

control sample who largely diverted attention away from such stimuli. Such processes are 

also at work in social anxiety, as clinically socially anxious patients show an attentional 

bias toward angry and threatening faces, rather than toward happy or neutral ones. 

(Mogg, Philippot, & Bradley, 2004; Pishyar, Harris, & Menzies, 2004). In an 

examination of cognitive biases of individuals high in health anxiety, Owens, 

Asmundson, Hadjistavropoulos, and Owens (2004) found that those high in health 

anxiety showed an attentional bias toward stimuli related to threat of illness, while others 
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have demonstrated that individuals high in physical anxiety sensitivity have attentional 

biases toward stimuli associated with physical threat (Keogh, Dillon, Georgiou, & Hunt, 

2001). Similar effects are found in panic disorder populations who show attentional 

biases toward panic or physical threat related words (Asmundson, Sandler, Wilson, & 

Walker, 1992; Horenstein & Segui, 1997; Lundh, Wikstrom, Westerlund, & Ost, 1999; 

McNally, Reimann, & Kim, 1990), in obsessive-compulsive patients who show 

attentional biases toward threatening obsessive-compulsive related stimuli (Lavy, van 

Oppen, & van den Hout, 1994), and in highly symptomatic post-traumatic stress disorder 

patients who show attentional biases toward relevant trauma related words (Thrasher, 

Dalgleish, & Yule, 1994). 

Attentional biases toward threat appear to differ across anxiety disorders, as well 

as between clinically and non-clinically anxious populations. Logan and Goetsch (1994) 

reviewed the literature in this area and concluded that clinically anxious subjects show 

disorder specific attentional biases, while non-clinically anxious individuals show more 

generalized threat related attentional biases. Later work by Becker, Rinck, Margraf, and 

Roth (2001) demonstrated that generalized anxiety disorder patients showed attentional 

biases across a range of emotional verbal stimuli, both positive and threatening, while 

social phobia patients only demonstrated this effect with stimuli specifically relevant to 

their social anxiety. As discussed below, anxiety-related cognitive biases emerge early in 

development and represent a key vulnerability toward the development of pathological 

states of anxiety. 

Behavioral Components of Anxiety 

Behaviorally, anxiety is characterized by attempts to eliminate, reduce, or avoid 
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the source of anxiety. Such behaviors may take the form of suppression of ongoing 

activity, scanning the environment for signs of danger, worry and preparation, and 

avoidance of anxiety provoking cues. For example, in Gray's (1981) view, anxiety is 

based in the behavioral inhibition system (BIS), which is responsible for inhibition of 

ongoing behavior and hyperalertness to environmental cues. The BIS is closely linked to 

the above cognitive biases and, as discussed below, is hypothesized to have unique 

neurobiological underpinnings responsible for its activation. While behavioral 

components of anxiety may be adaptive in the presence of true threat, they are often 

maladaptive and actually impair performance in their more chronic forms (Barlow, 

2002). Further, such behavioral patterns are associated with the perpetuation of anxious 

responding as they limit an individual's exposure to anxiety provoking cues, and thus 

limit mastery experiences that would serve to lessen such anxiety. 

Fox (1994) views the behavioral patterns associated with approach vs. withdrawal 

as important precursors to the expression of discrete emotions and the development of 

social behavior. As discussed further below, he and other researchers (e.g., Kagan) have 

demonstrated that individuals exhibit a range of tendencies toward approach vs. 

withdrawal that are correlated with distinct neurophysiological patterns and predict the 

later emergence of anxious psychopathology. Fox (1994) purports that an infant's initial 

responses to his or her environment, rather than representing specific emotions such as 

anxiety, may reflect their tendencies along the approach vs. withdrawal continuum. Such 

tendencies will then shape the maturing individual's repertoire for dealing with stress, 

and hence are important in their development of emotion regulation skills. This is similar 

to Kagan's (1994a) view that a behaviorally inhibited tempera.-nent is a risk factor for the 
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emergence of anxious psychopathology, although his data suggest that behavioral 

inhibition is a categorically distinct construct, and not necessarily on a continuum with 

non-inhibited behavior. 

Physiological Components of Anxiety 

Physiologically, anxiety is generally characterized by increased and restricted 

autonomic and somatic activity. Lang proposes that anxiety and fear arise when 

primitive defensive motivational circuits are activated in the face of relevant stimuli 

(Lang, Bradley, & Cuthbert, 1998). In this regard, he sees these states as involving 

distinct autonomic and somatic circuits that manifest themselves in the activity of 

muscles and glands. Psychophysiological measurement indeed supports this, as patients 

with anxiety disorders have shown marked increases in autonomic activity, including 

increased heart rate and skin conductance in response to relevant anxiety provoking 

stimuli compared to emotionally neutral stimuli (Cook, Melamed, Cuthbert, McNeil, & 

Lang, 1998). 

The Beck Anxiety Inventory (BAI; Beck & Steer, 1990) taps a number of the 

hypothesized physiological symptoms of anxiety. Research using this instrument (Joiner 

Jr., Steer, Beck, Schmidt, Rudd, & Catanzaro, 1999) suggested that six of these 

symptoms: feeling hot, wobbliness in the legs,· dizziness/ lightheadedness, powlding or 

racing heart, difficulty breathing, and flushed face hang together as an important 

dimension of anxiety termed physiological hyperarousal (PH). In this study, the 

construct of PH held up across four distinct samples, was separable from subjective 

anxiety, and was more closely related to panic than generalized anxiety and mood 

disorders. This is consistent with previous investigations of the triprutite model in which 
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physiological hyperarousal has been differentiated from the constructs of positive and 

negative affect. The PH items were also closely related to the BAl's other somatic 

anxiety symptoms: numbness or tingling, trembling hands, shakiness, indigestion! 

abdominal discomfort, and sweating. 

A number of other factor analyses of the BAI have been undertaken, providing 

further understanding of the distinct somatic components characteristic of anxiety. For 

example, Osman, Kopper, Barrios, Osman, and Wade (1997) provided support for a 

previously studied four-factor structure that included the more cognitively valenced 

factor, subjective anxiety, with the somatically focused BAI items being characterized by 

neurophysiological symptoms, autonomic elevation, and panic symptoms (Beck & Steer, 

1991; Osman, Barrios, Aukes, Osman, & Markway, 1993). While other investigations 

have suggested that the BAI is best characterized by 2 factor (Beck, Epstein, Brown, & 

Steer, 1988; Kumar, Steer, & Beck, 1993) or 5 factor structures (Borden, Peterson, & 

Jackson, 1991), the data converge to suggest that both clinical and non-clinical anxiety as 

measured by the BAI is characterized by not only subjective apprehension, but also 

distinct physiological responses in tenus of elevated autonomic and neurophysiological 

arousal. 

Neurobiology of Anxiety 

Gray's BIS theory (1981; 1982) incorporates one of the most elaborate models of 

the neurobiology of anxiety. This model is grounded in research related to the 

psychopharmacology of anxiety, as well as in principles of behavioral neuroanatomy and 

neurophysiology. In Gray's view, the septo-hippocampal system and its afferent and 

efferent limbic pathways are key structures in anxiety_ Physiologically, in this view, 
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anxiety at its most basic level is likely grounded in noradrenergic and seretonergic 

afferent pathways to the septo-hippocampal system from the locus ceruleus and raphe 

nuclei. These pathways are hypothesized to play crucial roles in vigilance to and labeling 

of sensory information. In humans especially, anxiety is also associated with descending 

pathways from the neocortex, specifically the prefrontal cortex, which incorporate 

scanning of ongoing behavior and language capacities to give rise to the experience of 

anxiety. The BIS, which utilizes a variety of cortical and subcortical structures and 

contains an intricate system of interconnections, is activated by three primary classes of 

stimulation: signals of punishment, signals of non-reward, and novelty. Gray suggests 

that anxiety is a phylogenetically old emotion that is dependent upon scanning the 

environment for threat in the form of such stimuli. When the BIS is activated, it acts to 

inhibit ongoing behavior, increase arousal, and increase attention to relevant stimuli. 

Therefore, individuals with a highly-reactive BIS are considered more likely to 

experience the emotion of anxiety. 

Reiman, Fusselman, Fox, and Raichle (1989) presented evidence of 

parahippocampal involvement in anxious states. They utilized positron emission 

tomography to examine regional blood flow during anticipatory anxiety in 8 participants 

with no history of psychiatric or other medical disorders. Increased anticipatory anxiety 

from the threat of shock was associated with increased regional blood flow in both 

temporal poles. Although the resolution of the scans left the full scope of this increased 

blood flow unseen, it appeared that it likely continued into bilateral frontal regions as 

well. In line with Gray's system, it was suggested that the temporal poles might be 

implicated in the affective evaluation of environnlental stimuli as potentially dangerous. 
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These investigators had similar findings in a group of panic disorder patients, as those 

susceptible to lactate-induced panic showed greater blood flow and metabolism in the 

right parahippocampal region, as well as greater whole brain oxygen metabolism 

(Reiman, Raichle, Butler, Herscovitch, & Robins, 1984; Reiman et ai., 1986) .. 

Lang and colleagues (1998) formulation of the neurobiology of anxiety has a 

great deal of overlap with Gray's propositions. In the Langian view the amygdala is of 

central importance, as it receives input on potential threat from the sensory cortex via 

sensory thalamus. From the amygdala, information is then passed on to specific aversion 

circuit branches which mediate specific behavioral outputs. Specifically, efferent 

transmission through the hypothalamus may give rise to autonomic increases, 

transmission through central gray matter mediates fightlflight and freezing reactions, and 

involvement of the nucleus reticularis pontis caudalis mediates the startle reflex. This is 

supported by LeDoux's work (2001) indicating that fear conditioning follows parallel 

cortical-amygdaloid and thalamic-amygdaloid routes. In both routes, he suggests that 

lateral and central portions of the an1ygdala playa key role in acquiring and storing fear 

related memory, as well as in their expression through efferent connections to the 

brainstem, autonomic nervous system, and hypothalamic-pituitary-adrenal (HP A) axis. 

The more primitive thalamus-amygdala circuit involves basic stimulus representations 

from the sensory thalamus activating the amygdala, more quickly triggering lower-level, 

"hard-wired" behavioral reactions. At the same time, cortical sensory areas may 

stimulate the amygdale and produce different behavioral patterns. Further, the amygdala 

is hypothesized to have reciprocal influences on cortex, potentially influencing cortical 

sensory processing when activated. Such limbic influence on cortex is be'lieved to 
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account for the generalized frontal lobe activation observed during emotional states, a 

mechanism believed to increase overall readiness to process and respond to 

environmental stimulation (Dawson, 1994). 

Kalin's study of anxious temperament in rhesus monkeys (Kalin, Shelton, 

Davidson, & Kelley, 2001) suggested that the amygdala, although likely important in 

unconditioned fear responses, may not be crucial for the maintenance of longstanding, 

temperamentally based anxious responding. While his line of investigations has not yet 

identified specific brain structures involved, he hypothesizes that orbitofrontal cortex 

plays a key role in long-term maintenance of anxious responding (Kalin, 2003). 

Although the underlying structural components are unclear in Kalin's formulation, his 

work does suggest that temperamental anxiety in these animals is associated with right 

hemisphere asymmetry, a finding that has been consistently found in humans as 

discussed further below. In addition, his work suggests that such cerebral asymmetry is 

associated with chronically elevated levels of cortisol (Kalin, Larson, Shelton, & 

Davidson, 1998) and corticotropin-releasing honnone (Kalin, Shelton, & Davidson, 

2000). 

Corticotropin-releasing factor (CRF) acting within the HPA axis is also 

implicated in the development of anxiety and its disorders in humans. Both anxiety and 

mood disorders are associated with elevated CRF activity, and CRF administration leads 

to behavioral profiles consistent with negative affective states (Heim & Nemeroff~ 1999). 

Heim and Nemeroff (1999) suggested that in addition to serving as a releasing factor, 

CRF serves as a neurotransmitter that mediates the relationship between stressful life 

events and the development of mood and anxiety disorders. Specifically, it was 
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suggested that stress during early development may result in chronically elevated activity 

in CRF systems, sensitizing the HP A axis to the effects of stress later in life, thereby 

lowering the threshold to develop anxiety disorders. In this regard, there is evidence that 

elevated maternal HP A activity has deleterious effects in terms of infant developmental 

outcomes (Huizink, Robles de Medina, Mulder, Visser, & Buitelaar, 2003; Ponirakis, 

Susman, & Stifter, 1998). 

There is evidence that these HP A circuits are regulated by prefrontal cortex 

(Diorio, Viau, & Meany, 1993) and that these prefrontal structures are marked by 

hemispheric asymmetries that are related to the expression of anxiety and elevated 

cortisol levels as early as infancy (Buss et ai., 2003). In general, anxiety and its 

behavioral manifestations of inhibition, withdrawal, and avoidance are associated with 

increased right hemisphere activity, while positive affectivity and approach behavior are 

associated with relatively increased left hemisphere activity. For example, Jones and Fox 

(1992) recorded electroencephalogram (EEG) activity from frontai, temporal and parietal 

locations while undergraduates viewed film clips that elicited happiness, sadness,and 

disgust. Participants were divided into two groups based on the degree to which they 

generally experienced positive or negative affectivity. Those high in positive affect 

showed greater left hemisphere activation in response to the happy film, while those high 

in negative affectivity showed greater right sided activation in response to the disgust 

film. Further, examining the data without respect to trait levels of positive/negative 

affectivity, those who rated the disgust film as most aversive showed greater right 

hemisphere activation while viewing this film. These results suggest that hemispheric 

asymmetries may be associated with both the discrete experience of negative affect and 
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more general dispositions to experience such affective states. 

Heller, Nitschke, Etienne, and Miller (1997) examined an undergraduate sample 

categorized into anxious or control groups based on their self-report on the State-Trait 

Anxiety Inventory (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). The study's 

methodology was based in the conceptual framework that anxious arousal (i.e., panic; 

Watson et aI., 1995) can be differentiated from anxious apprehension (i.e., worry; 

Barlow, 1991; 2001). EEG activity was recorded from frontal, parietal and central 

locations, averaged to mastoids, during both a baseline condition and the presentation of 

verbal narratives of different affective valences. Based on pilot testing, it was purported 

that the negative and sad narratives chosen would induce a state of anxious arousal that. 

could be differentiated from resting levels of anxious apprehension. While anxious 

subjects showed frontal asymmetry favoring the left hemisphere in all conditions due to a 

relative decrease in right hemisphere activity, they exhibited asynunetry characterized by 

increased right parietal activity during the presentation of fearful and sad narratives. 

While the authors framed this as evidence of hemispheric differences that differentiate 

discrete subtypes of anxiety, the findings are necessarily limited by both questionable 

operationalization of these emotional states and the poor spatial localization of EEG 

technology. 

Nitschke and colleagues (Nitschke, Heller, Palmieri, & Miller, 1999) had similar 

findings in an undergraduate sample. Participants were grouped based on experiencing 

anxiety predominantly characterized by anxious apprehension or anxious arousal, in line 

with the theoretical proposition that these are emotionally distinct states (Barlow, 2002). 

During resting EEG, it was found that the anxious arousal group (the construct more 
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conceptually linked to panic) showed hemispheric asymmetry characterized by greater 

right than left activation. The hypothesis that the more linguistically driven emotion of 

anxious apprehension would be associated with greater left than right activation was not 

supported, however. Wiedmarm and colleagues (1999) studied such patterns of frontal 

brain asymmetry in panic disorder patients. They recorded spontaneous EEG activity 

from 25 non-depressed panic disorder patients and 25 controls during a number of 

conditions including visual presentation of panic and anxiety-related stimuli. During the 

presentation of neutral stimuli and an emotionally neutral motor task, no asymmetries 

were observed in either group. However, during baseline periods and in the face of 

panic/anxiety relevant stimuli, the patient group exhibited greater right than left frontal 

brain activation, an asymmetry that was not observed in the control group. As will be 

discussed in detail below, the above neurophysiological correlates of anxiety can be 

detected early in development and may reflect inherent vulnerabilities toward the 

development of anxiety disorders throughout the lifespan. 

Disorders of Anxiety 

While anxiety and fear are adaptive responses within appropriate contexts, their 

pervasive occurrence across contexts suggests pathological levels of these emotions and 

may lead to a range of dysfunctions for the individual (Goldsmith & Lemery, 2000). 

This is seen in DSM-IV-TR's (APA, 2000) classification of the anxiety disorders,which 

includes panic disorder with or without agoraphobia, social phobia, generalized anxiety 

disorder, obsessive-compulsive disorder, specific phobia, posttraumatic stress disorder, 

and acute stress disorder, as well as medically induced or substance induced anxiety 

disorder and anxiety disorder not otherwise specified. While these disorders differ in the 
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specific focus of anxiety, they all share the common dimension of the presence of 

significant distress and functional impairment for individual sufferers. Over 15 million 

adults in the United States will suffer from an anxiety disorder each year, and over 30 

million will be afflicted in their lifetime (Lepine, 2002). These disorders cost over $40 

billion annually as a result of the costs of psychiatric and non-psychiatric treatment, 

pharmaceuticals, workplace absenteeism and reduced productivity, and suicide 

(Greenberg et ai., 1999). 

Anxiety disorders are also highly prevalent in children and adolescents, 

representing one of the most common forms of psychopathology in these populations 

(Kashani & Orvaschel, 1990), and affecting up to 17% of non clinic-referred (Kashani & 

Orvaschel, 1988) and up to 45% of clinic-referred populations (Last; Perrin, Bersen, & 

Kazdin, 1992). Childhood anxiety disorders are also associated with costs in terms pf 

academic and family difficulties (Costello, 1989) and increased risk for the development 

of future anxiety and other psychiatric disorders (Last, Perrin, Bersen, & Kazdin, 1996). 

Childhood anxiety disorders closely resemble adult anxiety disorders as early as the 

preschool years. For example, Spence, Rapee, McDonald, and Ingram (2001) found that 

the structure of anxiety symptoms ina preschool population was well accounted for by a 

five factor model characterized by social anxiety, separation anxiety, obsessive­

compulsive symptoms, fears of physical injury, and generalized anxiety, all subsumed 

. under a general higher order anxiety factor. This structure closeJy resembles the DSM­

IV -TR (AP A, 2000) structure of anxiety disorders. While suggesting that anxiety 

. disorders may begin to differentiate at an early age, this model also highlights the early 

presence of a unitary dimension of anxiety that may reflect a predisposition toward the 
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development of such disorders. While there is evidence that childhood anxiety disorders 

are amenable to both cognitive behavioral and pharmacological treatment (e.g., Barrett, 

Dadds, & Rapee, 1996; Simeon et aI., 1992), there is also evidence that prevention of 

anxiety disorders is possible through early identification and intervention efforts (Dadds 

et aI., 1999; Sheeber & Johnson, 1994). Furthering such efforts may be of benefit in 

reducing the human and financial costs associated with these disorders. 

Models of Anxiety Development 

Genetic Contributions 

That anxiety disorders breed true in families is demonstrated in work by Turner 

and colleagues (Turner, Beidel, & Costello, 1987) in which children of anxiety 

disordered parents were seven times more likely than children of control parents to be 

diagnosed with an anxiety disorder. A genetic component is almost certainly involved in 

this pattern of familial heritability. For example, Torgersen (1983) found the concordance 

for anxiety disorders to be twice as high in monozygotic than dizygotic adult twin pairs 

for a number of anxiety disorders including panic disorder, agoraphobia, social phobia, 

and obsessive-compulsive disorder. Work by Kendler and colleagues with adult twins 

(Kendler, Heath, Martin & Eaves, 1987) also supports the role of genetic uncierpinnings 

in anxiety, although the diathesis is seen as a non-specific vulnerability to develop 

anxiety or depression. The same group (Kendler, Neale, Kessler, Heath & Eaves, 1992) 

later added further support, reporting that generalized anxiety disorder and major 

depressive disorder were influenced by the same genetic factors. The authors concluded 

that environmental influences likely contribute to specific manifestations within the 

anxiety and depressive disorders. 
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Twin studies in children have also supported the role of a non-specific genetic 

influence on anxiety and depression. For example, studies using the Child Behavior 

Checklist (Achenbach, 1991) have found that genetic influences account for 34-65% of 

the variance in parent ratings of their children on this measure's anxious/depressed 

subscale (Edelbrock, Rende, Plomin, & Thompson, 1995; Hudziak, Rudiger, Neale, 

Heath, & Todd, 2000). Eley and Stevenson (1999) had children complete separate 

anxiety and depression self-report measures, and also concluded that both anxiety and 

depression appear to be influenced by the same genes. Beidel and Turner (1997) also 

support a fairly non-specific risk, as children of both depressed and anxious parents were 

at an increased risk for the development of anxiety disorders. Further, this relationship 

was moderated by family socioeconomic status, implicating the importance of 

environmental variables in the expression of such disorders. Before examining such 

environmental factors, it is important to review temperamentally based anxiety risks that 

play an interactive role. 

Temperament 

Interest in constitutional factors related to the expression of anxiety dates as far 

back as the time of Hippocrates and Galen (Kagan & Snidman, 1999; Lonigan & Phillips, 

2001). Recently, Kagan and his colleagues at Harvard have identified a specific 

temperamental variable that indeed appears closely related to the development of anxiety. 

Drawing from more broadly focused examinations of temperamental precursors to a . 

range of emotional and behavioral outcomes (e.g., Thomas & Chess, 1977; Thomas, 

Chess, & Birch, 1968), this group has produced longitudinal behavioral observation data 

that point to behavioral inhibition as an important temperamental precursor to anxiety. 
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Behavioral inhibition has been associated with high reactivity in infancy in the form of 

vigorous limb movements, increased sympathetic cardiovascular arousal, and behavioral 

manifestations of distress and fear such as crying and avoidance in response to unfamiliar 

events and situations (Kagan, 1994a; Kagan & Snidman, 1999). Although marked by 

such behavioral manifestations that appear more active than inhibited, infants displaying 

such reactive temperaments are more likely to be rated as inhibited by 14 months of age 

in terms of their hesitancy to interact with novel people and objects (Kagan, 1994a). By 

21 months of age, approximately 10% of children display extreme behavioral inhibition 

characterized by long latencies to interact with or avoidance of unfamiliar objects and 

people, as well as inhibition of play, maternal clinging, crying, and fretting in response to 

such stimuli (Garcia-ColI, Kagan, & Reznick, 1984). 

This temperamental trait appears to endure, as children rated as behaviorally 

inhibited at 21 months were found to be more likely to be inhibited at age four (Kagan, 

Reznick, Clarke, Snidman, & Garcia-ColI, 1984). This inhibition was evidenced by such 

indices as increased latency and decreased attempts to engage an unfamiliar peer, as well 

as greater hesitancy in attempting to answer a difficult problem. Similar results have been 

observed at age seven, with those who were behaviorally inhibited as infants appearing 

more socially inhibited in interactions with an adult examiner, as well as exercising 

greater caution when approaching a problem involving response uncertainty (Kagan, 

Snidman, Zentner, & Peterson, 1999). Early reactivity and behavioral inhibition is 

associated with a greater risk for the development of anxiety symptoms, as well as 

multiple childhood and adult anxiety disorders, including social phobia, separation 

anxiety, agoraphobia, and panic disorder (Biederman et aI., 1993; Kagan & Snidman, 
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1999; Kagan et aI., 1999; Rosenbaum, Biederman, Hirshfeld, Bolduc, & Chaloff, 1991; 

Schwartz, Snidman, & Kagan, 1999). 

Rosenbaum et a1. (1988) found behavioral inhibition, marked by decreased 

frequencies of spontaneous comments and increased latencies to speak when interacting 

with unfamiliar examiners, to be more prevalent in two to six-year-old children of 

patients being treated for panic disorder and agoraphobia, although more recent work 

suggested that the presence of parental comorbid major depression was an important 

variable in explaining this link (Rosenbaum et a1., 2000). The same group also reported 

that behaviorally inhibited children were significantly more likely to be diagnosed with 

multiple anxiety disorders (Biederman et aI., 1990), a finding that was consistent at a 3-

year follow-up assessment (Biederman et aI., 1993). This sample included both an 

epidemiologically derived group of children who were initially classified as behaviorally 

inhibited at 21 months of age and first underwent diagnostic assessments at 

approximately age seven, as well as a cross-sectional cohort of children of panic disorder 

and agoraphobia patients who were between ages four and seven at the time of initial 

assessment of both behavioral inhibition and psychopathology. 

In related work, Kagan et a1. (1999) reported that four-month-old infants 

classified as highly reactive (increased motor activity and signs of distress such as 

fretting or crying in response to unfamiliar stimuli) were more likely to display anxious 

symptoms by seven years of age than those in a non-reactive group. Warren, Huston, 

Egeland, and Sroufe (1997) provided support for the role of behavioral inhibition over a 

longer period of time, as infants who were classified as highly reactive based on nurse 

ratings of crying, motor activity, and ease of relaxation when held were more likely to 
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meet criteria for anxiety disorders 16 years later. Those who went on to develop anxiety 

disorders were also more likely to have been rated as high in arousability and slow to 

habituate, dimensions which have also been found to differ in infants of anxious versus 

non-anxious mothers (Field, Sandberg, Quetel, Garcia, & Rosario, 1985). 

In summary, evidence to date suggests that a highly reactive infant temperament 

is associated with increased risk for the expression of an inhibited temperamental style 

from 14 months on, as well as increased risk for the development of clinically significant 

anxiety into adulthood. While a highly reactive temperament does not definitively 

determine the development of an inhibited, anxious style, it seemingly "constrains the 

probability of becoming a consistently fearless, uninhibited child" (Kagan et al., 1999, p. 

222). Therefore, while the progression from a reactive to an inhibited temperament may 

represent an inherited diathesis toward developing later anxiety disorders, the expression 

of such disorders is likely linked to the extent of this inhibition or its interaction with 

psychosocial variables such as parental psychopathology (Rosenbaum et ai., 1991). 

Neurobiological Risks 

The literature on temperamental precursors to anxiety is closely related to the 

study of neurobiological risks that may accompany such temperaments. In one of the 

first such investigations (Dawson, Grofer Klinger, Pangiotides, Hill, & Spieker, 1992), 

evidence was presented that maternal negative emotionality is potentially associated with 

differences in infant neurophysiological responding. The investigators recorded frontal 

and parietal EEG from 11 to 17 -month-old infants during baseline, maternal playfulness 

and maternal separation conditions. Behaviorally, infants of mothers reporting elevated 

depressive symptomatology were quicker to become distressed and exhibited greater 
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emotional distress during separation. Further, infants of depressed mothers showed 

different patterns of electrophysiological activation. Specifically, they did not show the 

greater left frontal activation during the playful condition observed in the infants of non­

depressed mothers. Infants of depressed mothers did exhibit greater left frontal activation ' 

during maternal separation, however, a finding not observed in the control group. These 

were important findings, suggesting that maternal negative emotionality may affect 

infants very early in development, not only in terms of behavioral responses, but also in 

terms of potential compromise in the neurophysiological substrates of emotional 

development and regulation. 

In a similar investigation by the same group (Dawson, Pangiotides, Grofer 

Klinger, & Hill, 1992), EEG was recorded from 2 frontal and 2 parietal sites in 21-

month-old infants during conditions of baseline and maternal separation, conditions that 

were associated with low and high emotional arousal, respectively, in all infants. During 

periods of increased infant emotional arousal, greater activation was observed in frontal 

than parietal sites, with greater parietal than frontal activation being observed during 

baseline conditions. This activation was also correlated with infant facial expression, as 

greater frontal activation was present during sad and angry expression compared to 

neutral expression. Further exploration of relative hemispheric differences indicated 

greater left activation during happy facial expressions and greater right activation dllring 

sad expressions. The authors suggested that the generalized increases in frontal 

activation across hemispheres during emotional arousal may have resulted from the 

influence of subcortical structures that "serve to increase the infant's 'readiness' to 

receive and respond to external stimuli" (p. 164), with the frontal structures serving 
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associated roles in attention/alertness and readiness to initiate motor responses. 

Follow-up work from this group supported the idea that infants of depressed 

mothers exhibit different patterns of brain activation (Dawson et aI., 1999). Frontal and 

parietal EEG activity was recorded from 13 to IS-month-old infants during baseline, 

maternal play, stranger approach, stranger play, and maternal separation conditions. On a 

separate day, infant behavior during three naturalistic situations was observed and coded, 

These situations varied in task and structure, allowing assessment of the infant's behavior 

in an unstructured maternal free play condition, in a condition that allowed assessment of 

infant self-regulatory abilities when the mother showed divided attention, and in a puzzle 

task that allowed assessment of mastery motivation. As in the previous study, behavioral 

differences were observed, with infants of depressed mothers exhibiting less affection 

toward their mothers and more difficulties in self-regulation when not receiving their 

mother's full attention. The infants of depressed mothers exhibited reduced left frontal 

activation, and this pattern of activation was correlated with decreased displays of 

affection toward their mothers during free play and increased rates of negative behaviors 

aimed at getting their mothers' attention during the divided attention condition. While no 

differences were observed in terms of overall levels of frontal activation between the 

groups, increased frontal activation was significantly positively correlated with displays 

of negative affect and negative behaviors marked by aggression, hostility, and tantruming 

in infants of depressed mothers only. Given that no behavioral differences were observed 

during EEG recording and that EEG activation was correlated with behavior ona 

different day, the findings are framed as representative of "an acquired trait marker" 

stemming from both poor self-regulatory mechanisms and exposure to the mother's 
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depressive behaviors (p. 602). 

Buss and colleagues (Buss et aI., 2003) have also observed hemispheric 

asymmetries associated with negative. affect as early as infancy. From their studies of 6-

month-olds, it has been reported that relatively greater right frontal EEG activity predicts 

greater expression of negative affect during approach by a stranger, as well as higher fear 

scores based on maternal report. Further, this asymmetry is significantly positively 

correlated with baseline and reactive cortisol levels in these infants. Previously, 

Davidson and Fox (1989) had similar findings in terms of hemispheric asymmetries as 

correlates of anxious responding. They recorded baseline frontal· and parietal EEG from 

lO-month-old infants before presenting them with maternal separation. Although 35 

infants were tested, data from a number of subjects could not be analyzed due to 

excessive artifacts in the data. Among the 13 infants presented in the study, 6 were 

classified a criers and 7 as non-criers in response to maternal separation. \Vhile the 

groups were equivalent in terms of overall EEG power, those who cried had greater right 

frontal activation. It is argued that these hemispheric differences were not simply 

reflections of those infants experiencing overall dysphoric mood states on the day of 

testing, as pre-baseline observation showed no differences in facial behavior between the 

groups. Further, infant differences in response to separation and EEG asymmetry were 

found to remain relatively stable over seven monthly follow-ups (Bell & Fox, 1992). 

Further supporting the stability of these differences, Fox (1992) reported that 14-month­

old infants who cried upon maternal separation showed greater right frontal EEG 

activation during follow-up testing 2 months after the maternal separation assessment. 

The infant behaviors of interest in the above studies are consistent with the 
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spectrum of behavioral inhibition proposed by Kagan to be a temperamental precursor to 

anxiety; interestingly, behavioral inhibition has similar evidence of underlying 

hemispheric asymmetries. Kagan's group (McManis, Kagan, Snidman, & Woodward, 

2002) conducted follow-up EEG testing on one hundred and sixty-six 10 to 12-year-old 

children who had participated in their original investigation of behavioral inhibition 

(Kagan, 1994a). These children had been classified into high reactive; low reactive, 

distressed, or aroused at 4 months, and were also grouped on fearfulness at 14 and 21 

months. During follow-up testing, EEG was recorded during a mildly challenging 

condition in which they were told to prepare to stand and share what they had thought 

about on the way to the laboratory procedure. The primary variable of interest was 

hemispheric asymmetries in alpha power, with reduced alpha power suggesting increased 

cortical activation associated with cognitive processing. For frontal sites, the majority of 

children showed greater left than right activation; however, 70% of those who were both 

high reactive at 4 months and highly fearful during their second year (i.e., behaviorally 

inhibited) were more right active under at least one of the experimental conditions. 

This same group also reported on brainstem auditory evoked response (BAER) 

assessments conducted on 32 high-reactive and 24 low-reactive 10 to 12-year-old, 

children (Woodward et aI., 2001), although it is unclear what degree of overlap is present 

between this and the sample described above. BAERs are characterized by 7 waves 

arising from discrete brainstem structures, with wave V hypothesized to originate in the 

inferior colliculus. Consistent with the study'S hypotheses, greater wave V amplitudes 

were observed in children who had been labeled high reactive at four months. The 

authors proposed a number of explanations for this finding, including the possibility that 
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the amygdala and its projections to the inferior colliculus, or the inferior colliculus itself, 

may be more excitable in this temperamental group. Another possibility set forth is that 

the difference could arise from the novelty sensitive locus ceruleus, which also projects to 

the inferior colliculus. Whatever the explanation, these findings suggest the contribution 

of specific brain circuits in the development of emotional and temperamental outcomes, 

and the call for use of such physiological investigations in the examination of risk factors 

for such outcomes. 

Field and colleagues (Field, Diego, Hernandez-Reif, Schanberg, & Kuhn, 2002) 

reported broader reaching correlates of hemispheric EEG asymmetry in a neonate 

population. Three minutes of EEG were recorded from 48 healthy newborns from two 

central and two parietal electrodes. Infants who showed greater right than left activation 

exhibited more restless sleep, poorer scores on a neonatal behavioral assessment, and 

higher cortisol levels. Further, their mothers, who also showed greater right activation, 

reported higher prenatal depression, anxiety, anger, and inhibition/avoidance. These 

mothers also had lower prenatal and postnatal serotonin levels and higher postnatal 

cortisol levels. As the authors discuss, EEG asymmetry was associated with biochemical 

and behavioral outcomes in these newborns, supporting the use of . 

electroencephalographic techniques in potentially identifying newborns who could 

benefit from early intervention efforts. 

In a more recent and much more methodologically rigorous examination of 

laterality of brain responses in anxious children, Baving, Laucht, and Schmidt (2002) 

showed that gender is· an important variable to consider. They reported that clinically 

anxious eight and eleven-year-old girls exhibited greater right frontal than left frontal 
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activation. In contrast, control girls with no history of any psychopathology, exhibited no 

lateralization at 8 years, but had greater left than right frontal activation at age 11. Boys 

showed a markedly different pattern. While no laterality of findings was present for 

anxious 8-year-old boys, anxious l1-year-old boys .exhibited greater left than right 

activation. Control boys, on the other hand, had greater right frontal activation at both 

ages 8 and 11. Framing their findings in the context of a broadly scoped literature 

review, much of which is cited in the above discussion of adult lateralization in negative 

affect, the authors suggest that "brain organization regarding emotion regulation could be 

not only inherently asymmetrical, but also differentially lateralized in males and females, 

as revealed by gender differences in frontal brain activation patterns" (p. 272). 

Parenting 

While early genetic, temperamental, and neurobiological profiles are supported as 

important precursors to anxiety disorders, it is also well established that such variables 

interact with environmental influences to produce specific outcomes. In regard to these 

environmental contributions, a variety of approaches have been undertaken to understand 

factors linked to parental anxiety that may play an important role. Such research has 

largely been devoted to the study of maternal variables, with some interest in paternal 

contributions, as well as the role of more general family systems. For example; Barrett, . 

Rapee, Dadds, and Ryan (1996) reported that anxious children were more likely to 

choose avoidance as a coping mechanism in the face of hypothetical threatening 

scenarios, and that this bias increased following family discussion. Later analysis of 

these interactions (Dadds, Barrett, Rapee, & Ryan, 1996) revealed that parents of anxious 

children were more likely to reinforce their child's choice of avoidance as a solution, 
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agreeing with and listening to their children less when the child proposed a more 

prosocial plan of action. Although follow-up work (Cobham, Dadds, & Spence, 1999) 

failed to replicate this finding when the child was actually confronted with a threatening 

task (giving a speech in front of a camera), Dadds and Roth (2001) reported that anxious 

parents were more controlling, directive, and domineering in their attempts to help their 

children prepare for this task. 

A number of other studies have pointed to such parenting styles, marked by 

negativity/criticism (often termed affectionlessness) and control, as precursors to the 

development of anxious offspring. For example, in terms of retrospective studies, 

Wilborg and Dahl (1997) found that adult panic disorder with agoraphobia patients 

recalled their parents as less caring and more protective than controls, while Morris 

(2001) presented findings in which college undergraduates who recalled their parents as 

displaying higher affectionless control were likely to experience elevated levels of trait 

anxiety and depression. Others have used current ratings of family processes by both 

parents and children. For example, Messer and Beidel (1994) reported that children with 

anxiety disorders described their families as promoting less independence than control 

children did. Siqueland, Kendall and Steinberg (1996) reported that anxious children 

described their parents as less accepting, while parent report of childrearing styles did not 

reveal any significant differences. However, observer ratings supported the children's 

reports, as parents of anxious children appeared to grant less psychological autonomy 

during a discussion task. 

Recently, other observational approaches have yielded similar results. Whaley, 

Pinto, and Sigman (1999) examined mother-child dyads engaged in three conversations 
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designed to elicit different levels of anxiety. Anxious mothers were found to be less 

warm and less granting of autonomy, and catastrophized and criticized more than their 

control counterparts. Woodruff-Borden, Morrow, Bourland and Cambron (2002) 

undertook a similar investigation, examining mechanisms of anxiety transmission 

between parents and children in two anxiety provoking tasks: working unsolvable 

anagrams and the preparation of an autobiographical speech for the child to deliver in 

front of a video camera. Anxious parents were less productively engaged, and were more 

withdrawn and disengaged in the interactions. Framing their findings in the context of 

previous literature, the authors hypothesized that anxious parents may be largely 

disengaged from such tasks, becoming more controlling in response to displays of 

negative affect on the part of their child. 

As seen above, both controlling and affectionless parenting styles have been 

linked to the development of anxiety. Rapee (1997) attempted to integrate this diverse 

literature and concluded that both anxiety and depression are consistently related to 

affectionless control, with control likely being the more important correlate of anxiety. It 

has been hypothesized that overcontrolling parenting may contribute t6 negative 

affectivity in children by instilling a bias toward viewing the world as a uncontrollably 

negative and dangerous place, and preventing opportunities to learn otherwise (Chorpita 

& Barlow, 1998; Rapee, 1997). Although this hypothesis appears to give more weight to 

the dimension of control, much of the literature continues to sUpp0l1 the importance of 

the affectionless dimension or the combination of affectionlessness and control. In fact, 

the overcontrol exhibited by anxious parents is often exerted in an affectionless manner. 

For example, Dumas, LaFreniere, and Serketich (1995) found that anxious parents 
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attempted to exert control through means such as coercion and ignoring. However, such 

parental behavior appeared to interact with child variables, as anxious children also 

engaged in aversive behaviors, attempting to exert control through coercion and 

resistance. 

Others have attempted to more directly explore the presence of statistical 

interactions between parent and child variables. For example, Hirshfeld, Biederman, 

Brody, Faraone, and Rosenbaum (1997a) reported that maternal criticism was positively 

associated with higher rates of behavioral inhibition in children, independent of the 

effects of child psychopathology. Further investigation into this association (Hirshfeld et 

al., 1997b) revealed an important interaction effect as maternal criticism was found to be 

associated with increased child behavioral inhibition and increased incidence of child 

disorders only in mothers with anxiety disorders. The authors hypothesized that the 

interaction between maternal anxiety and behavioral inhibition "may contribute to a 

strained mother-child relationship, heightened stress for both, and possibly the 

exacerbation of symptoms for both" (p. 915). Control mothers, on the other hand, 

appeared not to respond to this difficult temperamental variable with the dissatisfaction 

and frustration seen in anxious mothers, potentially leading to a different mother-child 

dynamic and improved outcomes. 

In terms of the controlling dimension, Arcus (presented in Kagan, 1994a) found 

that maternal overprotection of infants predicted their later expression of fear. However, 

an interaction was present, as this effect was present only for infants classified as high in 

behavioral inhibition,and not those low on this dimension. Nachmias, Glmnar, 

Mangelsdorf, Parritz, and Buss (1996) also explored the interaction between parental and 
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child variables. They reported that behaviorally inhibited 18-month-old children showed 

elevated salivary cortisol levels in response to novel stimuli including an adult female 

clown, a mechanical robot, and a puppet show. However, examination of the interaction 

between behavioral inhibition and attachment security revealed that increased cortisol 

levels were only present in those who were behaviorally inhibited and in insecure 

attachment relationships. Such attachment relationships were associated with intrusive 

parenting behaviors that appeared to interfere with children's attempts to cope with these 

situations. In addition to parent and child behavior, it is important to understand the 

contribution of cognitive biases that are likely also related to the development and 

maintenance of anxiety within these parent-child interactions. 

Cognitive Biases/Information Processing 

As discussed previously, anxiety is associated with a number of cognitive biases, 

particularly attentional biases toward novelty or perceived threat. Determining whether 

such attentional biases represent vulnerabilities related toward the development of 

anxiety requires an examination of related findings in early development. There is 

evidence that anxious children indeed evidence attentional biases toward threat-related 

words on a variety of visual attention tasks as seen in adults, although there is 

controversy over how early such differences emerge and which experimental paradigms 

are best suited to explore these effects (Vasey & MacLeod, 2001). For example, Vasey, 

Daleiden, Williams, and Brown (1995) conducted the first examination of attentional 

biases toward threat in a sample of clinically anxious children. The children ranged in 

age from nine to 14 years, and were presented with a visual dot-probe attention task that 

included both neutral and threatening words. While clinically anxious children exhibited 
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an attentional bias toward threatening words, controls did not show the hypothesized bias 

away from such words. Although such findings cannot establish a causal link, they do 

suggest the potential impact of attentional biases as important in the development andlor 

maintenance of anxiety disorders. 

Taghavi and colleagues (Taghavi, Neshat-Doost, Moradi, Yule, & Dalgleish, 

1999) also utilized a dot probe task with a sample of generalized anxiety disorder, mixed 

anxiety-depression, and control participants ranging in age from nine to 18. The 

emotionally valenced words in the task were physically threatening, socially threatening, 

or depression-related in nature. An attentional bias toward threat related words was 

observed in the generalized anxiety group only. This effect was rather specific, as these 

individuals did not show a bias toward depression related words. No attentional biases 

were observed in mixed anxiety-depression or control participants. Dalgleish and 

colleagues (2003) had similar findings, as clinically anxious children and adolescents 

evidenced an attentional bias toward threat-related stimuli on a dot probe task. However, 

highlighting the mixed findings in this line of research, this finding did not hold up as 

strongly on a Stroop measure of biased attention, and no significant correlation emerged 

between the observed attentional biases on these two tasks. 

Vasey and MacLeod (2001) reviewed the mixed evidence on attentional biases in 

children and stated that, "[g]iven that theories concerning the role played by attentional 

bias in the development of anxiety disorders depend so critically on the age at which the 

association between attentional bias and elevated trait anxiety becomes evident, it would 

seem to be of particular importance that future research should endeavor to resolve this 

issue" (p. 270). Wilson and Gottman (1996) suggested that such a relationship may be 
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present even in infancy, with attentional control processes being central to an infant's 

ability to maintain physiological homeostasis. They suggested that highly reactive 

infants may have unique difficulties in attentional control, leading them to "spend a large 

proportion of their time in a state of physiological dysregulation and miss many social 

and cognitive opportunities" (p. 207). Therefore, early differences in attentional 

processes may be important links in the development of later psychopathology and may 

have connections with related temperamental dimensions such as behavioral inhibition. 

These anxiety-related attentional biases are likely not specifically confined to 

objectively threatening stimuli, but may be present simply in response to novelty (Gray, 

1982). In fact, cognitive biases of anxious adults are fOUlld even in response to 

ambiguous scenarios, with these individuals rating the probability of personal harm in 

response to such scenarios as higher than the probability of harm to others (Butler & 

Matthews, 1983). This is also supported by psychophysiological studies of skin 

conductance habituation with anxious patients. For example, Lader and Wing (1964) 

demonstrated that a mixed group of anxious patients showed a slower habituation of 

psycho-galvanic reflexes to auditory stimuli than a matched control group. Roth et al. 

(1990) later had similar findings, with panic disorder patients habituating more slowly to 

auditory tones than a control group. 

Again, such findings are present in childhood. although there are relatively few 

studies to strongly support this conclusion. In a preliminary investigation of this topic, 

Chorpita, Albano, and Barlow (1996) found that increased trait anxiety in nine to 13-

year-old children was associated with increased likelihood of interpreting ambiguous 

situations in an anxious manner. In follow-up work, Barret, Rapee, Dadds, and Ryan 
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(1996) presented children with ambiguous scenarios that could have been interpreted as 

physically or socially threatening, but that could just as readily have been interpreted as 

non-threatening. They found that clinically anxious children interpreted these ambiguous 

scenarios as more threatening than control children did, and that they tended to choose 

avoidance as a coping mechanism. Bell-Dolan (1995) presented children with videotaped 

vignettes of peer interactions that showed either hostile, accidental/non-hostile, or 

ambiguous behaviors being perpetrated. While both anxious and non-anxious children 

were equally adept in identifying true hostile interactions, anxious children were more 

likely to perceive hostile intent when it was not present. Others have reported that when 

presented with homophones that can be interpreted as either neutral or threatening, 

anxious children are more likely than controls to utilize the threatening meaning 

(Hadwin, Frost, French, & Richards, 1997). 

Initial Summary and Integration 

There are multiple constitutional and environmental pathways potentially 

associated with the development of anxiety disorders. The risk toward developing 

anxiety' disorders may be a fairly non-specific vulnerability toward the development of 

negative affect, and specific manifestations of anxious pathology may be the product of 

complex biological-environmental interactions (e.g., Eley & Stevenson, 1999; Kendler et 

aI., 1987; 1992). Therefore, examinations of the "familial transmission of vulnerabilities" 

are warranted as an important starting point (Dadds &·Roth, 2001). Any contributions 

that aid in the early detection of such vulnerabilities will aid in improved theoretical 

understanding and may ultimately contribute to the prevention of maladaptive anxiety 

before its resulting human and financial costs are incurred. 
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In terms of potentially important vulnerabilities, it appears that anxious adults and 

children are more cognitively vigilant to the environment, especially novel environmental 

stimuli, which they are more likely to interpret as personally threatening. Such 

attentional biases are closely related to distinct neural substrates, particularly reflected in , 

increased activation of right hemisphere structures, and accompanied by unique 

physiological and behavioral responses. Derryberry and Reed's (2002) results suggest 

that the difficulties anxious individuals experience in disengaging attention from 

threatening cues may be present in early stages of automatic cognitive .processing, with a 

bias away from threat later in processing, at which point individuals are better able to 

exercise atttmtional control. Along similar lines, Lindh et al. (1999) also presented 

findings that such attentional biases are seen in pre-attentive processing, as a group of 

panic disorder patients' attentional processing was affected subliminally by panic related 

words. Waters, Lipp, and Cobham (2000) showed such an effect in a group of clinically 

anxious children, suggesting that pre-attentive processing may influence observed 

attentional biases toward threat related stimuli across development. 

The current study rests on the hypothesis that such early attentional biases may 

represent an essential cognitive vulnerability toward the development of anxiety. While 

any investigation of anxiety is plagued by the inevitable overlap of the constructs of 

anxiety and depression, with both states being associated with judgmental/interpretive 

biases, the bulk of evidence indicates that attentional biases toward novelty or threat are 

unique to anxiety (Mineka, Watson, & Clark, 1998). Such biases may he important 

precursors to the development of more sophisticated cognitive schemas seen in anxious 

adults (e.g., Beck et aI., 1975; Hibbert, 1984). Given the necessary role of attentional 
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capacities and attentional control to the development and maintenance of such schemas, 

Vasey and MacLeod's (2001) call to further evaluate the temporal emergence of such 

attentional biases in development provides a key rationale for the current work. These 

cognitive biases toward novelty, likely based in early dysfunction ofneuroregulatory 

mechanisms, may interact with parenting behaviors discussed above in leading to patterns 

of emotion regulation marked by either interest and cautious approach or the more 

anxiety-related style characterized by fear and inhibition (Calkins, 1994). 

Event Related Potentials in the Study of Anxiety 

Defining Event Related Potentials 

Given the potential importance of anxiety-related attentional biases emerging in 

the earliest stages of development, auditory event related potentials (ERPs) provide a 

promising tool to explore such vulnerabilities. ERPs are a widely studied phenomenon 

that hold potential for both informing theory and creating applied techniques within the 

field of psychopathology. An ERP is the portion of the brain's ongoing 

electroencephalogram (EEG), recorded at the scalp, that is time-locked to the onset of an 

experimental stimulus (Molfese & Molfese, 1997). Because scalp-recorded electrical 

activity is affected by numerous sources, including non-experimentally related 

background brain activity and artifacts from muscle activity, ERPs from numerous 

presentations of the same stimuli must be averaged together in order· to increase the 

signal-to-noise ratio (Electrical Geodesics, Inc., 2003). This procedure ultimately yields 

an average ERP with its distinctive peaks and troughs for each subject across 

experimental conditions. This pattern of voltages is thought to emerge from the 

postsynaptic potentials of many simultaneously firing neurons with similar orientations, 
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likely mostly arising from parts of the cerebral cortex (Osman, 1998), although they have 

also been correlated with limbic activity, suggesting that more primitive brain structures 

may contribute to ERPs recorded at the scalp (Halgren et aI., 1980). 

Given the large number of neurons that likely contribute to ERPs, as well as the 

potential deflection of these potentials as they make their way through layers of cerebral 

cortex and skull to the scalp, researchers are largely limited in their ability to infer the 

source of such activity. However, coupling ERPs with other innovations such as 

functional magnetic resonance imaging allows increasing accuracy in making such 

inferences. What ERPs lack in spatial resolution, they uniquely contribute in their 

unparalleled temporal resolution, allowing examination of neurogenic activity 

milliseconds after stimulus presentation. In this regard, the first 500-700 ms post­

stimulus presentation alone are characterized by a number of positive and negative 

components that have been studied extensively in terms of their hypothesized relation to 

cognition. These components are grossly divided into what are considered to reflect 

exogenous and endogenous processing. Specifically, the earliest exogenous components 

are conceptualized as reflecting more basic, obligatory neural activity, arising in response 

to the perception of physical properties of a stimulus, while later endogenous components 

are hypothesized to arise from higher level information processing that may be evoked by 

processes other than the stimulus itself (Picton et aI., 2000). In either regard, ERPs "can 

reliably indicate the presence and timing of specific cognitive processes" including 

attentional selection, target detection, and even surprise when an expected stimulus is 

deviant or absent (Osman, 1998, p. 906). Making this method even more attractive for the 

present investigation is the fact that no overt behavioral response is required on the part 
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of the participant. 

Specified ERP components are generally examined in terms of amplitude, latency, 

and scalp distribution. One of the earliest distinctive features ofthe ERP is a negative 

peak occurring within the first 150 ms post-stimulus onset (Nl). Naatanen and Picton 

(1987) characterize Nl as a multifaceted component, and discriminate between "true" Nl 

components and other related components (e.g., MMN discussed below) that occur in this 

time window (p. 387). "True" N1 components, hypothesized to arise from several neural 

sources including the auditory, association, motor, and premotor cortices are considered 

to be influenced primarily by physical stimulus properties, as well as the subject's general 

arousal state. It is believed that these Nl components are indeed closely linked to 

attention, perhaps representing the action of an attention triggering mechanism or a 

mechanism involved in the establishment of a sensory trace against which later stimuli 

are compared. Naatanen (1990) suggests that Nl may represent neural processes that 

allow stimuli, whether initially attended or not, to "reach the level of conscious 

perception" (p. 229). Given the association ofNl generators and attentional processes, 

therefore, attentional biases may be reflected in enhanced Nlamplitudes. For example, 

as reviewed in more detail below, Weinstein (1995) framed Nl differences affected by 

anxiety as reflective of differences in "pre attentive selective attention to threat" (p. 855). 

Mismatch Negativity (MMN) is also an early negative component, generally 

occurring in the time window from 100-200 ms post stimulus onset. The MMN 

component is elicited in the face of stimulus change when, for example, an infrequently 

occurring auditory stimulus is presented within the context of a frequently occurring' 

auditory stimulus ("oddball paradigm"). MMN is not dependent on conscious attention 

38 



to the frequently occurring stimulus, and is believed to arise from neural detection of a 

stimulus that does not match the attentional sensory trace left by the frequent stimulus 

(Naatanen, 1990). As mentioned above, this initial stimulus trace is likely closely linked 

to the activity ofNl generators. The neural sources of the MMN detection system are 

believed to lie in the supratemporal auditory cortices, with some frontal cortex 

involvement as well (Naatanen & Alho, 1995). Given MMN's connection to automatic 

attention and auditory sensory memory, as well as to detection of novelty in the face of 

standard stimuli, it is not surprising that it has been of much interest in examinations of 

anxiety. 

It is purported that both MMN and Nl are related to systems for uncontrollable 

automatic attentional switches to environmental stimulation, representing "powerful 

environmental control over the focus of attention. They frequently make the organism 

attend to the present environmental situation by interrupting, though usually only for a 

very brief while, an attentional state directed at, for example, task performance" 

(Naatanen, 1990, p.230). As seen in this quote, Nl and MMN generators can be 

conceptually linked to activity of the behavioral inhibition system. Therefore, it is 

plausible that such a mechanism would be hypersensitive in the case of anxiety, and that 

increased activity in these systems might represent a vulnerability toward anxious 

responding. 

Following earlier exogenous components such as Nl and MMN is the emergence 

of what are considered more endogenous ERP components. N2 is considered among the 

earliest of these components, and is implicated in consciously controlled target detection, 

rather than being controlled by only physical stimulus parameters (Cammann, 1990). 
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While N2 has not been widely studied in the anxiety literature, a closely following 

positive wave (P3) has been the subject of great interest. Although P3 is implicated in 

such cognitive tasks as target detection, stimulus evaluation and response to novelty 

(Pritchard, 1981), it is not regarded as purely reflecting endogenous processing, as it can 

be elicited in response to novel stimuli whether or not focused attention is employed . 

. However, certain parameters ofP3 are indeed influenced by more consciously controlled 

processing (Roth, Dorato, & Kopel, 1984). For example, P3 amplitude is affected by the 

degree of attention an individual allocates toward a particular task (Hoffman, Houck, 

MacMillan III, Simons, & Oatman, 1986). P3' s relation to novelty detection and 

processing is reflected in Donchin and Coles' (1988) conceptualization of this component 

as a process invoked in the process of context updating whereby an organism must revise 

its working model of the environment. P3 is not a unitary phenomenon, as it consists of 

frontal P3a and parietal P3b in its most basic subdivision (Pritchard, 1981). While P3a is 

elicited in response to rare and novel stimuli, P3b can be elicited in response to both rare 

and task-dependent stimuli (Molnar, 1994). P3 likely has multiple generators, including 

sources in the hippocampus (Halgren et ai., 1980; Okada, Kaufman, & Williamson, 1983) 

or the thalamus (Yingling & Hosobuchi, 1984). More closely implicating P3 in novelty 

detection associated with fear and anxiety, it has also been purported to be affected by 

prefrontal and limbic structures (Knight, 1984; Molnar, 1995), as well as the locus 

ceruleus (Swick, Pineda, & Foote, 1994). 

N4 is a late peaking negative component that has greater amplitude in response to 

presentation of sentences with semantically inconsistent endings (Kutas & Hillyard, 

1980). Kutas and Hillyard (1984) later suggested that N4 not only reflects neurologic 
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reactions to information being presented out of context, but reflects language processes 

responsible for semantic priming. Positive components occurring in close proximity to P4 

have been implicated in the detection of more physically related incongruities (Kutas & 

Hillyard, 1980). Neither N4 nor P4 processes have received notable research attention in 

the anxiety literature. 

Metzger, Orr, Lasko, and Pitman (1997) stated that "ERP abnormalities index 

both trait and state-related functional impairments in cognitive processing, rather than 

disorder-specific psychopathologies" (p. 1007). ERPs provide a window into 

consequences on cognitive processing rather than localizing cerebral dysfunction 

(Morault et aI., 1998), and are therefore an ideal tool for examining attentional biases and 

differences in information processing related to anxious vulnerabilities. Further, ERP 

technology allows the study of potential emotional vulnerabilities in "popUlations whose 

developmental level. .. limit[s] the reliability of direct observations or subjective reports 

of emotional states" (Cunningham, 1992, p. 176). Therefore, ERPs measurement is 

particularly useful with infants, as no planned or observable responses are required 

(Molfese & Narter, 1997). In fact, in the domain of the developmental neuropsychology 

of language, Molfese has established the value of ERPs recorded at infancy in predicting 

later developmental outcomes (2000; Molfese & Molfese, 1997). While no such 

prospective examinations have taken place in the anxiety ERP literature, there is a rapidly 

growing body of work examining anxiety-related cognitive dysfunctions indexed by 

ERPs in both adults and children. 

Anxiety and Event Related Potentials in Adults 

Findings in Panic Disorder Populations 
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Panic disorder (PD) is among the anxiety disorders most frequently studied with 

ERP methodologies. Knott, Lapierre, Fraser, and Johnson (1991) compared 12 PD 

patients and 10 controls on their evoked responses to a series of auditory stimuli of 

varying intensities. ERPs were recorded from 16 electrode sites referenced to linked 

earlobes. In this investigation, PD patients exhibited greater Nl amplitude across all 

intensities. In light of potential contributions of the temporal lobes in the production of 

Nl, the results were framed as partial support for hypotheses of abnormal temporal lobe 

functioning in PD, although the authors pointed out that the observed differences may 

have been due to a more general arousal associated with increased state anxiety in these 

patients. 

Iwanimi, Isono, Okajima, and Kamijima (1997) utilized a two-tone auditory 

discrimination task to examine cognitive processing in panic disorder. Twelve PD 

patients and 12 age-matched controls were presented with the oddball task while event 

related potentials were recorded from midline frontal, central, and parietal electrodes, as 

well as two lateral central electrodes, all referred to linked earlobes. Differences emerged 

between the two. groups in early information processing, with the PD group showing 

increased Nl amplitudes for both target and non-target tones, as well as increased N2 

amplitudes for the target tones. No differences emerged for P3, however, suggesting that 

PD is associated with abnormalities in very early information processing. The authors 

suggested that the Nl differences are likely accounted for by differences in processing 

negativity and/or mismatch negativity, both of which are related to early, endogenous 

processing. 

Turan et al. (2002) presented an auditory odd-ball task to adult PD patients, 
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generalized anxiety disorder patients, and controls, recording event related potentials only 

from central and frontal sites. In contrast to the studies discussed so far, PD patients 

evidenced no amplitude differences from comparison groups. However, they did exhibit 

greater P3 latencies in response to the infrequent stimulus compared to both a group of 

generalized anxiety disorder patients and a non-psychiatric control group. The differences 

from the Iwanimi et aI. (1997) and Knott et aI. (1991) studies were considered likely due 

to differences in methodology, particularly the fact that these previous investigations 

utilized a much smaller number of subjects. Given support for limbic structures such as 

the hippocampus as the source ofP3 activity (Halgren et aI., 1980; Okada, Kaufman, & 

Williamson, 1983), Turan and colleagues purported that the observed P3 differences in 

their study supported hypothesized roles of limbic structures in the etiology of panic 

disorder. No differences were found between the generalized anxiety disorder and 

control groups in any portion of the ERP, suggesting that the possible later information 

processing disturbances observed may be specific to PD. 

Levy and colleagues (Levy et aI., 1996) used ERPs to evaluate the hypothesized 

role of brain stem structures in PD. They recorded brainstem auditory evoked potentials 

of 16 PD patients and 10 controls during presentation of varying intensities of auditory 

stimulation. While. no differences were found in terms of exogenous processing, PD 

patients did exhibit decreased latency to N3 and a longer interval from N3 to N5. 

Further, both of these variables were significantly correlated with general anxiety as 

assessed by the Hamilton Anxiety Scale (Hamilton, 1959). While their findings 

supported hypothesized roles of brain stem structures in PD, it is important to note that 

both N3 and N5 latency were also significantly correlated with depression as measured 
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by the Asberg-Montgomery Depression Scale (Montgomery & Asberg, 1979), potentially 

implicating negative affect rather than anxiety or panic as specific co.ntributors. 

Clark, McFarlane, Weber, and Battersby (1996) utilized an auditory 

discrimination task involving frequent and infrequent tones, and found amplitude 

differences at P3 between PD and control groups. Fourteen PD patients and 15 control 

participants were presented with the task while ERPs were recorded from 3 midline 

electrodes, averaged to linked earlobes. In response to both frequent and infrequent 

tones, PD patients exhibited greater amplitvde of the P3 component at the frontal and 

central sites. Although not mentioned directly, the authors' discussion of these findings 

appeared to add support for Gray's BIS. Specifically, it was suggested that these findings 

implied difficulty "adapting to novelty" in PD, stemming from dysfunction in the 

prefrontal-limbic structures and their interconnections (p. 853). In this regard, the 

findings may be more generally related to anxiety or negative affect rather than being 

specific to panic. 

In a more conceptually sophisticated examination of cognitive processing in PO, 

Windmann, Sakhavat, and Kutas (2002) presented 17 patients and 17 controls with a 

recognition memory task involving negatively valenced (although not panic specific) and 

neutral words while ERPS were recorded from 28 electrodes averaged to mastoids. Their 

methodology was grounded in established findings of an emotion-induced recognition 

bias in which emotionally negative words are more likely to be classified as old in such 

tasks by normal participants. Given conceptual overlap between hypothesized early 

information processing deficits arising from prefrontal areas in anxiety disorders, and 

hypotheses that the emotion-induced recognition bias is associated with such early 

44 



information processing arising from similar neural circuits, it was hypothesized that PD 

patients would ·show abnormalities in this emotion-induced processing. As predicted, 

patients did show abnormalities in comparison to controls in relatively early processing 

(300-500ms) over prefrontal electrode sites. While control patients showed differences in 

evoked responses to old and new words, depending on the emotional valence ofthe 

words, PD patients showed no such differences. In fact, PD patient's responses to both 

negative and neutral words were similar to the control's responses to neutral words, 

supporting findings that anxious individuals interpret ambiguous or neutral information 

as threatening. Patients did evidence an emotionally dependent recognition bias later in 

processing (> 1 OOOms) over frontocentral sites, however, suggesting that they may 

"compensate for their automatic processing deficits with slow, capacity-limited, and 

consciously controlled strategies, which are reflected in the very late part of the ERP 

waveform" (p. 367). 

Pauli et al. (1997) also utilized a task that manipulated the emotional valence of 

words, visually presenting 15 panic disord~r patients and 15 controls with words that 

were either somatic or non-somatic in nature. The stimuli were presented 

tachistoscopically at each individual's perception threshold, while ERPs were recorded 

from four left, four right, and three midline electrodes. Given theories postulating 

cognitive biases toward somatic cues in panic patients, it was hypothesized that 

differences would emerge between the two groups through both behavioral and 

electrophysiological measures in response to these word categories. Behaviorally, PD 

patients were differentiated from controls in their increased correct identification of 

somatic compared to non-somatic words. In terms of electrophysiological measures, 
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while PD patients were found to have increased P3 amplitudes in response to somatic 

compared to non-somatic words, significant P3 differences did not emerge between the 

patient and control groups. However, more robust differences did emerge in the later 

positive component of the waveform, with panic patients showing mor,e positivity in later 

processing (400-5 OOms & 600-800ms) in response to somatic compared to non-somatic 

words, with the 600-800ms difference differentiating patients from controls. Further, the 

slow wave of panic patients was most positive at central and parietal locations, and was 

more lateralized to the right hemisphere. 

Findings in Obsessive-Compulsive Populations 

Ciesielski, Beech, and Gordon (1981) presented the first study of evoked 

potentials in an obsessional neurosis population. Eight patients and 8 matched controls 

were presented with a visual discrimination task while ERPs were recorded from right 

and left parietal electrodes. The obsessional group exhibited lower amplitude and shorter 

latency to N220. A follow-up investigation using the same procedures supported these 

findings, as obsessional neurotics exhibited reduced amplitude and decreased latency to 

both N220 and P350 in the face of increasing task complexity, while yontrols tended to 

show the opposite pattern (Beech, Ciesielski, & Gordon, 1983). The findings related to 

shorter latencies were framed as partial support for propositions that obsessional anxiety 

is related to lower arousal thresholds in the face of minimal stimulation. 

Towey and colleagues (Towey et aI., 1990) later replicated.this finding in a group 

of 10 DSM-III (American Psychiatric Association, 1980) diagnosed obsessive­

compulsive disorder (OCD) patients and 10 controls using an auditory oddball task. The 

participants were presented with the task while ERPs were recorded from three midline, 
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four right, and four left electrodes covering frontal, central, parietal and occipital sites 

referenced to the nose tip. In support of the aforementioned findings,OeD patients 

exhibited shorter N200 and P300 latencies compared to controls. However, contrary to 

previous findings, these patients also exhibited increased N200 amplitude over the left 

hemisphere. Together, the findings from these investigations support theories of both 

overarousal and overfocused attention as key contributors in obsessive-compulsive 

anxiety. 

Towey's group (Towey et aI., 1994) later reported on 18 OeD patients and 15 

controls who were presented with an auditory tonal selective attention task while ERPs 

were recorded from frontal, central, temporal, parietal, and occipital electrode sites, all 

referenced to nose tip. Based on their earlier work supporting overfocused attention in 

OeD, it was hypothesized that both early (lOO-300ms) and late (300-500ms) processing 

negativity would be enhanced in OeD patients as compared to controls. This hypothesis 

was supported, as patients showed decreased latency to onset, increased negativity, and 

longer duration in the portion of the waveform associated with processing negativity. 

This effect was most prominent at frontal and central scalp locations. Further, group 

differences emerged in P3, with patients showing relatively increased amplitude in 

response to unattended non-targets and relatively decreased amplitudes in response to 

attended targets. These findings supported views of OeD as a disorder characterized by 

dysfunction in the allocation of attentional resources, but failed to address the degree to 

which such cognitive dysfunction is specific to OeD or a component common to anxiety 

disorders in general. 

Miyata et al. (1998) addressed this issue by examining ERPs in a Japanese sample 
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of 23 oeD patients, 12 social phobia (SP) patients, and 18 healthy controls. Participants 

were presented with an auditory tonal oddball paradigm while ERPs were recorded from 

midline, frontal, central, and parietal electrodes referenced to linked earlobes. Compared 

to both SP patients and controls, OeD patients had shorter N2 and P3 latencies in 

response to target stimuli, supporting the hypothesis that this condition is associated with 

cortical overarousal characterized by increased speed of processing. While these 

latencies differentiated OCD and SP groups, the two groups were similar in terms of 

increased negativity in the latter part of the N2 component in response to both target and 

non-target stimuli .. It was suggested that while the differences in N2 and P3 latencies 

may reflect oeD specific processes, the presence of greater N2 negativity "may represent 

the cognitive dysfunction commonly observed in both anxiety and depressive disorders" 

(p. 517), a dysfunction associated with consciously controlled detection, rather than a 

dysfunction in more automatic mismatch negativity responding. 

ERP differences have been observed in OeD populations in less cognitively 

demanding tasks as well. For example, Savage et al. (1994) presented 15 patients and 30 

controls with low level visual and auditory stimuli in passive viewing and listening 

conditions while ERPs were recorded from 20 scalp locations referenced to linked 

earlobes. While no differences emerged in the visual condition, OCD patients' responses 

were marked by shorter NIOO and P200 latencies in the auditory condition. Therefore, it 

appears that cognitive hyperarousal in OeD during less complex information processing 

may show material specificity toward auditory stimuli. 

MorauIt and colleagues (MorauIt, Guillem, Bourgeois, & Paty, 1998) presented 

evidence that ERPs could be utilized to predict treatment response in OCD patients. 
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Twenty-one patients were compared to 21 controls in an auditory oddball task as ERPs 

were recorded from midline frontal, midline parietal, frontal left, and frontal right 

electrodes. Those OCD patients who did not respond to pharmacological intervention 

had waveforms that resembled those of the control group, while responders exhibited 

reduced N2 and N3 amplitudes and shorter P3 latencies. Although the design was limited 

in its adoption of a retrospective approach, it supports the hypothesis that outcomes 

related with anxious processing can be predicted with ERP methodologies. 

Findings in Posttraumatic Stress Disorder Populations 

The examination of ERP components in posttraumatic stress disorder (PTSD) 

populations is relatively new compared to ERP investigations in other anxiety disorders. 

In one of the earliest investigations within this population, McFarlane, Weber, and Clark 

(1993) presented 18 PTSD patients and 20 controls with an auditory tone discrimination 

task. ERPs were recorded from three midline electrodes referenced to linked earlobes. 

PTSD patients were found to have longer latency to N200 and reduced P300 amplitudes 

than controls in response to both target and non-target tones. In light of theories on the 

functions ofN200 and P300, it was suggested that PTSD is associated with cognitive 

deficits in terms of poor stimulus discrimination, a proposition that was supported 

behaviorally by the PTSD groups' slower reaction time in identifying target stimuli. 

Charles et al. (1995) presented findings from a group of 26 individuals who had 

been victimized in robberies, with no patients suffering physical insult from these 

experiences. Sixteen of these individuals had developed a symptom profile that met 

criteria for PTSD. ERPs were recorded from only one central electrode, referenced to 

linked earlobes, during a standard auditory oddball task. The PTSD patients exhibited 
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lower P300 latencies than the control trauma group, with no differences emerging in 

terms of latency to this peak. Similar to findings in OeD populations, this was 

interpreted as a possible reflection of poor attentional control. Alternately, it was also 

proposed that this may be a reflection of PTSD patients attaching less significance to the 

oddball stimulus in accord with the "psychological numbing" often associated with this 

disorder (p.73). 

Morgan III and Orillon (1999) examined mismatch negativity (MMN) correlates 

of sexual assault- related PTSD in women. Thirteen women with PTSD and 16 controls 

were presented with an auditory tonal oddball task while they read a magazine, with 

ERPs being recorded from 3 midline and 6 lateral electrodes referenced to linked 

mastoids. Significant group differences emerged, as the women with PTSD exhibited 

greater N2 amplitude in response to the oddball stimulus than controls, with this 

difference being accounted for by increased mismatch negativity in the clinical group. 

These findings were framed as consistent with the hypothesis that PTSD is characterized 

by "abnormalities in environment novelty detection" (p. 830), a clinical feature that may 

be present across the anxiety disorders. 

Metzger et al. (1997) presented ERP findings in Vietnam combat veterans with 

PTSD. Twelve unmedicated patients, 22 medicated patients, and 10 control veterans 

were presented with a tonal auditory oddball task. These were not pure groups, however, 

as comorbid disorders in the PTSD group included bipolar disorder, major depression, 

dysthymia, generalized anxiety disorder, specific phobia, and social phobia. Further, one 

control veteran met criteria for major depressive disorder, dyst~lymia, and social phobia. 

Those with panic disorder were excluded from primary analyses. During the oddball 
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task, ERPs were recorded from 3 midline sites referenced to linked earlobes. 

Significantly smaller parietal P3s were observed in the unmedicated PTSD group in 

response to target tones, but the difference was not present when level of depression as 

assessed by the Beck Depression Inventory (Beck, 1979) was controlled for. 

Additionally, P3 amplitude had a significant negative correlation with state anxiety as 

measured by the State-Trait Anxiety Inventory (STAI; Spielberger et aI., 1983). Within 

the unmedicated PTSD group, further analyses revealed that those with comorbid PD had 

significantly larger parietal P3 amplitudes than those without PD, although this difference 

was not observed in the medicated group. The findings of this investigation, although 

limited by methodological concerns related to group heterogeneity, support the role ofP3 

in anxiety disorders, and highlight the importance of considering comorbid depression. 

Further, they suggest the sensitivity ofERPs to level of anxiety as measured by the STAI, 

a measure utilized in the current study. 

Findings in Studies of Mixed Anxious and Depressed Populations 

ERP differences have also been examined in more heterogeneous groups of both 

anxious and depressed patients. For example, Daruna and Karrer (1986) examined P3 

correlates of response to novelty in an undergraduate population. Those low in trait 

anxiety exhibited hemispheric asymmetry of the novelty P3 response, showing less right 

than left activation. Bruder et al. (2002) explored potential differences between clinically 

anxious only, clinically depressed only, clinically depressed and anxious, and control 

groups. Participants were presented with an auditory oddball task while ERPs were 

recorded from 30 scalp locations. Compared to all other groups, the pure anxiety 

disorder group exhibited a frontocentrally located increased amplitude early in the P3 
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component, possibly indicative of an "increase in orienting or alerting responses to 

'oddball' stimuli" (p. 123). Patients with comorbid anxiety and depression had smaller 

amplitudes in this portion of the waveform compared to controls, but showed increased 

later P3 amplitudes over parietal sites. These findings highlight the importance of 

considering the impact of comorbidity between anxiety and depression in ERP tasks. 

Building on the literature exploring attentional biases in anxious individuals 

discussed above, Weinstein (1995) used ERP methodology to examine whether such 

attentional biases toward threat are actually associated with enhanced processing of such 

stimuli. She utilized an undergraduate sample of 10 anxious and lOnon-anxious 

individuals, categorized based on their score on the State-Trait Anxiety Inventory 

(Spielberger et aI., 1983). Participants were visually presented with a semantic matching 

task that required deciding whether two types of priming sentences (positive or threat) 

matched a subsequent probe word that was either positive, threatening, or neutral. ERPs 

were recorded from frontal, central, and parietal midline electrodes referenced to the 

average of the left and right mastoids. Consistent with the study'S hypothesis, anxious 

participants showed greater Nl and P4 amplitudes in response to probes in the threat 

priming condition compared to non-anxious participants, with the Nl effect emerging 

across all scalp locations and the P4 effect emerging primarily at central and parietal 

sites. Anxiety was also associated with differential processing of emotional incongruity 

between prime and probe, with anxious individuals showing shorter P4 latency in the face . 

of threat prime/neutral probe and positive prime/threat probe contexts. These results 

support the proposition that anxiety is associated with both pre attentive automatic 

attentional biases as suggested by N 1, as well as differential cognitive processing of such 
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information in later stages such as P4. 

Grillon and Ameli (1994) studied the effects of induced anxious apprehension on 

ERPs in a presumably non-clinical sample. The 16-person sample was composed of 

"healthy" undergraduate and staff members from the researchers' university, although no 

assessment of psychopathology or state/trait emotionality was reported in the study. 

Participants were presented with four blocks of sounds, with each block including rare 

target tones, frequent non-target tones, and rare novel and unusual sounds, while ERPs 

were recorded from three central and 12 lateral electrodes, referenced to linked mastoids. 

The four blocks were based on presence vs. absence of threat of shock and active (button 

press required in response to target tones) vs. passive listening modes, with each 

participant hearing the sounds under "active/threat, active/safe, passive/threat, and 

passive/safe" conditions (p. 208). While standard tones did not elicit observable P3s, P3 

amplitude was significantly larger in response to novel sounds than target tones during 

the passive/threat condition. These results support notions that anxious arousal is 

associated with changes in cognitive processing to novelty in the environment. 

Hansenne and colleagues (2003) examined the relationship between MMN and 

Cloninger's Harm Avoidance (HA) personality dimension. Similar to Gray's behavioral 

inhibition system, HA is a dimension characterized by inhibition/avoidance in the face of 

perceived punishment or nonreward. Fourteen healthy women and 18 healthy men were 

presented with a tonal oddball task while engaging in the cognitively demanding task of 

ordering random strings of digits. It was found that MMN was related to HA, with 

increased HA correlating with decreased MMN amplitude over frontal, central, and 

parietal midline electrodes for women. In men, this effect was present only at the frontal 
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midline position. These findings support examinations of clinical populations in which 

early, automatic processing components are related to anxiety disorders. These findings 

initially appear to run counter to the same group's previous findings (Hansenne, 1999) in 

which P3 amplitude was positively correlated with HA. To reconcile this disparity, it 

was suggested that early, automatic processes (represented by MMN) are facilitated by 

the behavioral inhibition system, while later, more controlled processes (represented by 

P3) are impaired by this system. Such an explanation seems to fit well with Gray's 

description of a system that is very efficient at identifying and orienting to novelty, but 

then later has difficulty determining the presence of threat and appropriately disengaging 

from such stimuli. 

Anxiety and Event Related Potentials in Children and Infants 

Extending the adult work relating P3 to anxiety (e.g., Daruna & Karrer, 1986), 

Damna, Rau, and Strecker (1991) examined the relationship between this ERP 

component and anxiety in children. Twenty-two children ages three to seven were 

presented with a tonal vigilance task. Parent report on the Conners' Behavior Rating 

Scales (Goyette, Conners, & Ulrich, 1978) was used to categorize children as either low­

anxious or medium-anxious. Results revealed a correlation between anxiety and P3, and 

also supported the presence of related hemispheric asymmetries. While low-anxious 

children were found to have smaller P3 amplitudes over the right hemisphere compared 

to the left, medium anxious children had relatively larger P3 amplitudes overthe right 

hemisphere than the left. The authors argued for the specificity of P3 to anxiety, as post 

hoc analyses failed to support a relationship between another component of interest (N2) 

and anxiety. Further, the findings were framed as support for hemispheric differences 
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related to negative affectivity, with potential specificity of right temporal regions in the 

manifestation of anxiety. 

There is evidence. that infants have similar ERP responses to adults, making it 

possible to utilize ERP measures in this population as well. For example, McIsaac and 

Polich (1992) found that infants and adults had a similar central~parietal P3 scalp 

distribution in response to an auditory stimulus set, although the infants' waveforms had 

a longer latency and smaller amplitude. Kushnerenko, Ceponiene, Fellman, Huotilainen, 

and Winkler (2001) also found similarities between infant and adult auditory ERPs, as 

they had similar changes in response to increasing sound durations during the N2 time 

window, although differences again emerged in terms of amplitude. As adults and 

infants respond similarly, albeit to different degrees to auditory stimuli, it is established 

that ERPs can be effectively utilized in the study of infant cognition (McIsaac & Polich, 

1992). 

Gunnar and Nelson (1994) presented the first examination ofERPs and 

emotionality in an infant population. In their investigation, 11 and 12-month-old infants 

were presented with a visual familiar/novel task that included presentation of frequent 

and infrequent familiar faces, as well as infrequent novel faces, while ERPs were 

recorded from frontal, central, and parietal leads referenced to linked earlobes. The 

infrequent familiar faces reliably elicited a late positive slow wave component similar to 

the adult P3 across the sample, and this factor was positively related to both maternal 

report of positive affect on the Infant Behavior Questionnaire (Rothbart, 1981) and 

greater observed distress during maternal separation. Further, this factor was related to 

lower salivary cortisol levels during testing. While the relation between this ERP factor 
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and both positive and negative emotionality initially seems contradictory, it is argued that 

the observed behavioral responses represented higher levels of age-appropriate, adaptive 

responses, which may be related to enhanced cognitive processing, lending these infants 

to be "better organized to respond adaptively" (p. 90). Interestingly, this argument is 

consistent with aforementioned conceptualizations of the adaptive nature of anxiety 

(Barlow, 2002). Perhaps the observed components represent an adaptive 

neuropsychological phenomenon that is exacerbated to non-adaptive status through a 

constitutional-environmental interaction. Whatever the case, these data indicated a 

relationship between emotionality and response to novelty during infancy. As discussed 

by the authors, it is also of importance to explore this relationship with non-social stimuli, 

rather than only stimuli of a social nature. 

Our own laboratory (Harvison, Woodruff-Borden, & Molfese, 2004) had similar 

findings in the only other know study of ERPs and anxiety in an infant population. Given 

substantial support for the familial transmission of anxiety (Beidel & Turner, 1997; 

Turner, 1987) infants were grouped into high-risk (n=5) or low-risk (n=6) .based on their 

mother's Beck Anxiety Inventory (Beck, & Steer, 1990) score. ERPs were recorded from 

neonates in response to the sounds "bidu" and "gibu", spoken by a woman, digitized, and 

presented through a speaker positioned approximately three feet above the child's head at 

80 dBSPL (A). One stimulus was initially presented 50 times for familiarization, 

followed by 50 additional trials of each sound in a randomized fashion, for a total of 150 

trials. The familiar and novel stimuli were counterbalanced across participants. ERPs 

were collected using a 128-electrode Geodesic Sensor Net, impedances were kept at or 

below 40 kOhms, and filters were set to .1-30 Hz. 
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The 128 electrodes were clustered into 12 anatomical regions (frontal, central, 

anterior temporal, posterior temporal, parietal, and occipital for each hemisphere). 

Principal components analysis was used for data reduction, yielding a five-factor solution 

that accounted for 96% of the variance. Next, individual 2 (child sex) x 2 (anxiety group, 

based on maternal anxiety level) x 2 (hemisphere) x 6 (electrode cluster) x 2 

(familiar/novel sound) repeated measures ANOVAs were conducted for each factor with 

Greenhouse-Geisser corrections. Although no significant effects· emerged based on 

familiarity vs. novelty, there was a significant electrode x anxiety-group effect for factor 

three (time range= 248-548 ms). Post-hoc independent samples (-tests revealed 

significant differences for the frontal and anterior temporal sites, respectively, with the 

high-risk group displaying significantly more positive brainwave activity during this 

component. 

Based on other pilot data in our laboratory, it is likely that the infants did not have 

enough exposure to the initial sound to encode it as "familiar," accounting for the lack of 

an anxiety-group x condition (i.e., familiar/novel) effect. Despite the absence ofthis 

interaction, the results did support other findings that anxiety vulnerability may be 

associated with more positive frontal electroencephalographic activity, and that the 

examination of such parameters at birth may aid in the detection of anxious 

vulnerabilities. Unlike other investigations in which brain responses have been compared 

based on behavioral observation or maternal report of infant behaVior, these findings 

suggested differences, even in the neonatal period, based on maternal anxiety status 

alone .. The current study aimed to further this investigation of anxious vulnerabilities by 

using an improved methodology to operationalize the familiar/novel construct, and by 
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taking an improved statistical approach in using both regression and ANOV A. 

The Current Study 

The current study aimed to further the limited literature on ERP correlates of 

anxious vulnerabilities in infancy. Drawing on the literature reviewed above, this 

investigation aimed to examine aspects of neonate neural processing (occurring within 

700 ms ofthe presentation of a novel stimulus) that were related to the neonate's risk for' 

anxiety (operationalized by maternal level of self-reported anxiety). Work on prenatal 

perception of speech sounds provides an important basis for understanding the approach 

used to operationalize novelty in the current study. This work suggests that infants are 

familiar with and prefer their mother's voice due to prenatal exposure to her voice. 

Fetuses certainly perceive and discriminate sounds within the range of human speech, 

including maternal speech (Lecanuet, Granier-Deferre, Jacquet, & DeCasper, 1999; 

Lecanuet & Schaal, 1996). Further, newborns orient to the sound oftheir mother's voice 

within the first two weeks of life (Hammond, 1970). Evidence suggests that newborns 

not only discriminate their mother's voice from that of strangers (Hepper, Scott, & 

Shahidullah, 1993), but that they actually prefer her voice to another female's voice 

(DeCasper & Fifer, 1980). 

Further work by DeCasper's group indicates that such preferences are indeed due 

to familiarity with the mother's voice developed from intrauterine exposure. For 

example, in one investigation (DeCasper & Spence, 1986) mothers read stories aloud 

twice daily during the last six months of pregnancy. Postnatal testing using an operant­

choice task revealed that infants preferred hearing the story that their mother had read 

daily. Similar results emerged in a later investigation (DeCasper, Lecanuet, Busnel, 
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Granier-Deferre, & Maugeais, 1994) in which infants showed heart rate decreases in 

response to rhymes that had been recited by their mothers during pregnancy, but no such 

decreases in response to rhymes they had not heard before. Although these effects also 

held up when another woman read the same rhymes, they suggest that infant speech 

preferences are indeed influenced by prenatal exposure to the mother's voice. Therefore, 

presentation of mate mal and stranger voices speaking meaningless consonant-vowel­

consonant-vowel sounds provides a useful operationalization for understanding cognitive 

responses to familiarity vs. novelty in the current study. 

The current methodology is among the first known of its type in terms of the 

examination of electrophysiological markers for anxiety vulnerability in infants. While 

there is a burgeoning adult literature investigating ERP correlates of anxiety, the child 

and infant literatures are unfortunately sparse. The current study is in line with recent 

calls for the study of anxious vulnerabilities (Dadds & Roth, 2001). It has been suggested 

that psychophysiological methods are of crucial importance in extending the findings of 

basic science to applications in psychopathology (Lang et aI., 1998). The current study 

aimed to address this issue by applying findings from basic cognitive neuroscience to 

inform understanding of factors that predispose individuals toward one of the most costly 

and debilitating of all forms of psychopathology. 

METHODS 

Considerations for Sample Selection 

A power analysis was conducted using G-Power (Faul & Erdfelder, 1992) in 

order to determine an appropriate sample size. For the planned regressions, it was 

determined that 31 mother-child dyads were necessary to detect a relatively large effect 
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with a power of .80 (f2 =.35; p < .05) with 2 independent variables present (child gender 

and maternal anxiety), while 68 dyads would be necessary to detect a medium effect with 

the same parameters (F =.15; p < .05). Participants were recruited in the Norton 

Women's Pavilion of Norton Hospital in Louisville, Kentucky. Norton hospital, located 

in downtown Louisville's medical center, is a facility that admitted over 17,000 patients 

in 2003. 

The United States Bureau of the Census 2002 estimates characterized Jefferson 

County's population as approximately 77.3% White, 19.5% African American, 2.1 % 

Hispanic origin, 1.7 % Asian or Pacific Islander, and .2% American Indian (the estimate 

exceeds 100% because Hispanic origin is not considered a race category, allowing 

individuals from other categories to be considered of Hispanic origin). Given Norton's 

patient population, the current sample consisted of largely \\t11ite and African American 

participants, with African Americans accounting for a much higher percentage than that 

reported in census estimates. In terms of parents in the sample, fathers were not 

represented. Detailed descriptives on participants are presented in the results section 

below. 

Materials 

Maternal Self-Report 

Mothers were asked to complete the following self-report measures: 

1. The Beck Depression Inventory, 2nd Edition (BDI-II; Beck, Steer, & Brown, 

1996). The BDI-II is a widely used self-report measure of depression that takes 

approximately five minutes to complete. It consists of 21 groups of statements 

that assess severity of depressive symptoms over the preceding week. 
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Psychometrics reported in the BDI-II manual indicate high internal consistency in 

both outpatient and undergraduate samples, as well as high test-retest reliability in 

the outpatient sample. Later work supports the instruments high internal 

consistency and validity in a number of populations, including undergraduates 

(Dozois, Dobson, & Ahnberg, 1998; Osman et aI., 1998; Steer & Clark, 1997; 

Storch, Roberti, & Roth, 2004) and primary care patients (Arnau, Meagher, 

Norris, & Bramson, 2001). 

2. The Beck Anxiety Inventory (BAI; Beck & Steer, 1990). The BAI is a widely 

used self-report measure of anxiety severity that takes approximately five minutes 

to complete. This measure consists of 21 symptoms that are rated on a 0-3 point 

scale, indicating whether they have been "not present" to "severe" over the past 

week. Initial psychometrics on this instrument indicated that it had high internal 

consistency and test-retest reliability, and that it differentiated anxious from 

depressed diagnostic groups (Beck et aI., 1991). The BAI has demonstrates high 

internal consistency and differentiates anxiety from depression in non-clinical 

samples (Creamer, Foran, & Bell, 1995). Data reported in the manual indicate that 

this instrument has significant correlations with both subscales ofthe State-Trait 

Anxiety Inventory (STAI; Spielberger et at., 1983), another anxiety measure 

utilized in the present study. Highlighting the inevitable overlap of anxiety and 

depression, the BAI also shows a significant positive correlation with the BDI, 

although the relationship is less than that reported between the STAI and the BDI 

(Beck et aI., 1988). Overall, the BAI is a widely utilized and psychometrically 

sound instrument for assessing anxiety severity; however, its shortcoming for the 
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current study is its focus on anxiety during the previous week only. 

3. The State Trait Anxiety Inventory - Form Y (STAI; Spielberger et al., 1983). The 

STAI is another commonly used self-report measure of anxiety, and takes 

approximately five minutes to complete. It consists of40 items assessing 

participants' levels of both state and trait anxiety. The author reports high internal 

consistency for both the trait and state subscales. He also reports that while the 

state form shows low test-retest reliability, as expected based on theoretical 

conceptualizations of the transient nature of state anxiety, the trait form shows 

high test-retest reliability. Further, extensive data is presented to support the 

instrument's validity, including findings that it reliably differentiates anxious 

psychiatric patients from controls and emotionally disturbed medical patients 

from medical patients without emotional problems. As mentioned above, this 

instrument is significantly positively correlated with both the BAI (Beck & Steer, 

1990) and BDI (Tanaka-Matsumi & Kameoka, 1986). Although it has less 

precision in differentiating anxiety from depression than the BAI, its primary 

value for the current study lies in its ability to differentiate the constructs of state 

and trait anxiety. 

4. Demographic Questionnaire. Participants were also asked to complete a brief 

demographic questionnaire that requested information on age, race, educational 

attainment, occupational status, and yearly income for both mother and father. 

Maternal Voice Samples 

Mothers' voices were recorded bedside, the evening before testing, on an Apple 

G-2laptop computer, with a Telex M-560 external microphone. Sound Edit 16 Version 2 
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software was utilized for recording and editing the sound samples. Tlie experimenter 

modeled pitch, tone, meter, and loudness for enunciation of the stimulus words, "bidu" 

and "gibu," by presenting the sound file used in our pilot investigation. The participant 

was then asked to speak each sound into the microphone repeatedly until a sample of 

adequate volume, with a sharp onset and offset was obtained. The sound was then edited 

to a length of 595 ms (consistent with the stimulus from pilot testing), and converted to 

.wav format for presentation during neonate testing. 

Electroencephalography 

Electrical Geodesics' EGI System 200 (Electrical Geodesics, Inc., 2001) was 

utilized in the collection ofEEG data. This system consists of three primary components: 

a Geodesic Sensor Net, a set of amplifiers (Net Amps), and a data acquisition computer. 

The Geodesic Sensor Net consists of 129 silver/silver chloride plated carbon pellet 

electrodes, each surrounded by a sponge and set inside a plastic pedestal. The sponge 

protrudes from the pedestal and rests against the participant's scalp. The net structure of 

this high-array electrode system allows ease of application, and evenly distributes the 

many leads across the surface of the scalp. Before application, nets are soaked in an 

electrolyte solution consisting of warm distilled water (lL), powdered potassium chloride 

(S.5g) and Johnson's Baby Shampoo (.5cc). The potassium chloride serves to increase the 

electrical conductivity, while shampoo dissipates oils on the scalp that may have 

interfered with this conductivity. The electrodes in the Geodesic Sensor Net detect the 

very small voltage changes (on the order of microvolts; Hugdahl, 1995) that occur at the 

scalp. The voltages are conducted through the sponge embedded silver/silver chloride 

pellet and an insulated lead wire to a gold plated pin that connects to Net Amps. The 
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measured voltage changes at each electrode lead are not absolute, but are measured as the 

difference in voltage between that lead and a reference. In this case, an electrode located 

over the scalp's central vertex (Cz), serves as a reference against which electrical activity 

is recorded at the remaining 128 electrode sites. Net Amps continuously monitors these 

voltages, and amplifies them approximately 1000 times so that they can be manipulated 

by the system for the remaining steps. 

The measured electrical activity is also influenced by extracranial electrical noise 

that is present in the room. In an attempt to isolate electrical frequencies of interest, 

therefore, Net Amps carries out analog signal filtering. In the present study, these filters 

were set to pass only frequencies between 0.1 and 30 Hz. After amplification and 

filtering, the voltages for each electrode were sampled 250 times per second, digitized by 

a 16-bit analog-to-digital converter, and sent to the data acquisition computer via a USB 

cable. The data acquisition computer hosts Net Station software (Electrical Geodesics, 

Inc., 2003) that displays and stores the final EEG signal of interest. The data acquisition 

computer is connected via a serial cable to the experimental control computer that hosts 

E-Prime software (Schneider, Eschman, & Zuccolotto, 2002). E-Prime was used to 

present the auditory stimuli. Through its communication with E-Prime, Net Station marks 

the onset of each stimulus within the EEG data in order to allow isolation of ERP 

components of interest during data analysis. 

Procedures 

Recruitment and Data Collection 

Dyads were recruited in the Norton Women's Pavilion on the evening before 

testing. The experimenter collected names and room numbers for mothers of healthy 
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newborns from Norton nurses. He then went to each of these rooms and briefly 

introduced himself and the study. If potential participants were interested following this 

initial introduction, more detailed information on the study rationale and procedures was 

provided, and the experimenter fielded questions from the participant. Written informed 

consent was then obtained in line with an approved Human Studies Committee protocol 

(456.00). Next, voice samples were recorded and saved for later use in stimulus 

presentation. Finally, the mother was provided with the self-report measures, which she 

was asked to complete by the following morning. 

Before leaving the hospital for the evening, the experimenter prepared the voice 

samples for inclusion in the stimulus presentation package as discussed above. The 

experimenter and a research assistant then returned to the hospital at 7:00 AM the 

following morning to begin testing. All equipment was transported to a quiet room in the 

nursery. The equipment was prepared for stimulus presentation, with sound levels of the 

auditory stimuli being set to 80 dB SPL (A). The experimenter then checked with the 

nurses to ensure the neonate's availability, and when all preparations were complete, 

transported the infant into the testing room in a hospital basinet. The experimenters next 

measured the infant's head to determine the proper position for Cz, soaked the electrode 

net, and subsequently applied it to the neonate's head. Data collection began when the 

infant was in a quiet, awake state and scalp-electrode impedances fell at or below 40 kn. 

Stimuli were presented from an external computer speaker positioned 

approximately 1 meter above the midline of the infant's head. If the neonate became 

physically active, data collection was temporarily suspended until he or she returned to 

baseline. If the infant was judged to become unduly distressed or could not be soothed, 
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data collection was terminated. Stimulus presentation consisted of 120 trials, 30 trials of 

the neonate's mother saying "bidu," 30 trials of a stranger saying "bidu," 30 trials of the 

mother saying "gibu," and 30 trials of the stranger saying "gibu." The stimuli were 

presented in a randomized order with a random inter-stimulus interval ranging from 

1500-2300 ms. The stranger for each neonate was the previous mother in the sample. 

r 

:. Nets were cleaned and sterilized following each use. 

ERP Derivation 

In order to isolate data in the time range of interest, each infant's 

electrophysiological data was segmented into 800 ms segments consisting of a 100 ms 

pre-stimulus baseline and 700 ms of data post-stimulus. The voltages recorded during 

these segments were then re-referenced to the average of all electrodes, rather than the 

vertex electrode which is used as a reference during recording. Net Station's Artifact 

Detection procedure was then used to identify all segments that contained more than 10 

bad channels (e.g. faulty electrode or interrupted transmission) or yielded voltage 

changes consistent with eye-blink or muscle movement. Such segments were excluded 

from further analyses, while data for bad electrode channels in acceptable segments was 

interpolated using data from surrounding channels. Next, each infant's data was 

averaged within 12 electrode clusters (right and left: anterior, central, parietal, occipital, 

anterior temporal, posterior temporal) and 4 experimental conditions (mother "bidu," 

mother "gibu," stranger "bidu," stranger "gibu") in an effort to remove waveform 

variability not related to the auditory stimuli of interest. In order to further remove non 

event-related activity, data were baseline corrected by subtracting the average of all 

66 



samples in the 100 ms pre-stimulus period from each sample in the 700 ms post-stimulus 

segment, yielding a zero-voltage baseline interval and the emergence of the ERP. 

To summarize, the time window of interest ranged from stimulus onset to 700 ms, 

with voltage samples recorded every 4 ms. These averaged voltages were present for 30 

subjects across four conditions and 12 electrode clusters. This yielded a 176 x 1440 

matrix (time x participant/cluster/condition) of electrode voltages. In order to isolate 

areas of maximum variability within this large data set, Principal Components Analysis 

with Varimax Rotation was perfonned as described below. 

Planned Analyses 

Data Reduction 

Principal components analysis (PCA) was planned as a means of data reduction in 

order to identify areas of maximum variability in the ERPs across subjects. This widely 

used procedure is blind to experimental conditions, and reduces the large amount of data 

described above into a few components that account for the variance in the most 

parsimonious manner (Coles, Gratton, Kramer, & Miller, 1986; Molfese & Molfese, 

1997). As reviewed in detail by Coles and colleagues (1986), PCA yields components 

that are assumed to influence the areas of maximum covariability among data points in 

the complete data matrix. After components are extracted, varimax rotation allows 

simplification "of the pattern of loadings so as to localize each component to a portion of 

the voltage x time function" (Coles et aI., 1986, p. 201). The components are orthogonal, 

thereby minimizing overlapping time points. \Vithin PCA components, each time point is 

assigned a weighting coefficient representative of the contribution of the component to 

the variance at that time point. For the present study, the final number of components 
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retained was selected based on the Cattell Scree Test (Cattell, 1966). Resulting factor 

scores for each averaged ERP within each component were subsequently used as 

dependent variables. 

Multivariate Analyses 

A series of regressions was conducted in order to explore the study's primary 

relationship of interest; specifically, it was hypothesized that neonate anxiety risk 

(maternal anxiety level) would predict neonate evoked brain response to novelty 

(stranger's voice). Although previous literature has not been fully consistent in regards to 

spatial localization of such processing, the bulk of evidence suggested that right frontal or 

right central electrode clusters would most likely to be involved in the hypothesized 

effect. In terms of temporal parameters, the literature has again not been fully consistent, 

implicating both exogenous and endogenous components of the wave as potentially 

related to such processes. Therefore, regressions were conducted for each of the four 

factors detailed above in order to explore potential relationships of interest throughout the 

first 700 ms ofthe ERP. For each factor, regressions were conducted in which infant 

gender was entered into the equation first, followed by BAI, STAI-state or STAI-trait 

scores in the prediction of factor scores for response to stranger "bidu" and "gibu" over 

right frontal and right central electrode clusters. These regressions were also conducted 

with BDI total score entered as a predictor instead ofBAI or STAI scores in order to 

examine the specificity of the findings to anxiety. 

It was also of interest to examine the data in a manner consistent with our pilot 

data in which anxiety-risk was treated as a categorical variable based on maternal BAI 
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score. Neonates were divided into low-risk and high-risk groups based on their mother's 

BAI total score with 15 (highest level of "mild" anxiety) serving as the dividing score. 

This yielded 18 low-risk and 12 high-risk neonates. The high-risk group had a mean 

score of 26.42, which was significantly higher than the mean score of 8.28 observed in 

the low-risk group (t(I,28) = -5.874,p < .001). Next, a series of2 (child sex) x 2 (anxiety 

group) x 2 (hemisphere) x 6 (electrode cluster) x 2 (familiar/novel sound) repeated 

measures ANOVAs were conducted for each factor with Greenhouse-Geisser corrections. 

Consistent with the above hypotheses, it was anticipated that group amplitude differences 

would emerge involving right hemisphere electrode clusters. 

RESULTS 

Descriptive Statistics 

A total of 63 mothers consented to participation in the study. Thirteen mother­

neonate dyads were excluded from the planned analyses because the mother reported 

smoking cigarettes during pregnancy. An additional 11 were excluded because the 

neonate was restless or distressed during data collection, resulting in termination of the 

testing session or rejection of the data due to excessive artifacts. Finally, another 9 dyads 

were excluded because of miscellaneous circumstances including neonate unavailability 

due to phototherapy or circumcision, a mother's decision not to continue participation, 

and an examiner being ill on the day of a scheduled testing session. The final retained 

sample of 30 mother-neonate dyads is described in detail below. 

Maternal Descriptives 

The sample was composed of 21 African American and 9 Caucasian mothers. The 

greater representation of African American mothers is consistent with the demographic 
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composition of the Norton Women's Pavilion patient population, and was therefore 

expected. On average, mothers in the present sample were 25 years old (M = 25.23, SD = 

6.07, Range = 18 years to 40 years), and had delivered 3 previous children. While 2 

participants failed to report on marital status, most mothers were single (n = 18), with 8 

being married and 2 being separated. While 3 mothers did not complete high school, 8 

reported completing a high school education or obtaining a general equivalency diploma 

(GED), 9 had some college, 6 held an associates degree, and 4 had completed 

undergraduate or graduate degrees. Family income for the sample ranged from less than 

$5,000 to greater than $45,000 (see Table 1). 
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Table 1 

A. Frequency Statistics for Maternal Variables 

Variable ' 

Ethnicity 
African American 
Caucasian 

Marital Status* 
Single 
Married 
Separated 

Education 
Did not complete high school or GED 
Completed high school or GED 
Associates degree 
Some college 
College graduate 
Graduate/professional degree 

Family income 
s.5,000 
5,000-10,000 
10,000-15,000 
15,000-20.000 
20,000-25,000 
25,000-30,000 
30,000-35,000 
35,000-40,000 
40,000-45,000 
>45,000 

* 2 participants did not report on this variable 

B. Descriptive Statistics for Maternal Variables 

Variable M SD 

Maternal Age 25.23 6.07 

Gravidity 2.87 1.78 
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n 

21 
9 

18 

2 

6 
9 
3 
1 

4 
5 
o 
2 
2 
2 
o 
o 
7 

8 

3 
8 

8 

Minimum 

18.00 

1.00 

Maximum 

40.00 

8.00 



Self-report measures indicated that the study sample consisted of individuals with 

a range of anxiety, from minimal to severe (Table 2). Beck Anxiety Inventory (BAI) total 

scores ranged from 2 to 49, with a mean of 15.53 (SD = 12.16). This indicates that, on 

average, mothers reported experiencing mild levels of anxiety, a finding that is expected 

given their circumstances and the BAI's bias toward more physiological aspects of 

anxiety. State anxiety scores as measured by the State Trait Anxiety Inventory (STAI-

state) ranged from 20-64, with a mean of34.30 (SD = 10.51). Trait anxiety scores as 

measured by the STAI-trait also showed an acceptable range from 24 to 68, with an 

average of38.13 (SD = 11.40). Average scores and standard deviations for both the state 

and trait forms ofthe STAI were consistent with those reported in the instrument's 

manual (Spielberger et aI., 1983). Beck Depression Inventory-II (BDI-IJ) scores ranged 

from 0-36, with an average of 12.27 (SD = 10.06), indicating that, on average, mothers in 

this sample fell within normal limits in terms of self-reported depressive symptoms. 

Table 2 

Descriptive Statistics for Maternal Self-Report Measures 

Measure Minimum Maximum M SD 

Beck Anxiety Inventory 2.00 49.00 15.53 12.16 

State-Trait Anxiety Inventory 20.00 64.00 34.30 10.51 
(State Form) 

State-Trait Anxiety Inventory 24.00 68.00 38.13 11.40 
(Trait Form) 

Beck Depression Inventory 0 36.00 12.27 10.06 
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Neonate Descriptives 

Frequency and descriptive statistics for neonate and birth-related variables are 

presented in Table 3. There were 16 female and 14 male newborns. Eleven were 

delivered by cesarean section, while 19 were delivered vaginally . Average gestational age 

was 39 weeks (SD = .94, Range = 37-41 weeks) with five minute Apgar scores falling at 

9 on average (SD = .18, Rang e= 9-10). Average birth weight was 3445 grams (SD = 

416.28, Range = 2370-4170 grams). Overall, these summary statistics indicate a healthy 

neonate population. 

Table 3 

A. Frequency Statistics for Neonate and Birth-Related Variables 

Variable 

Type of delivery 
C-section 
Vaginal 

Infant sex 
Female 
Male 

n 

11 
19 

16 
14 

B. Descriptive Statistics for Neonate and Birth-Related Variables 

Variable 

Gestational age 
One-minute Apgar 
Five-minute Apgar 
Birth weight 

M 

39.27 
8.43 
9.03 
3445.00 

SD 

.94 

.77 

.18 
416.28 
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37.00 
6.00 
9.00 
2370.00 

Maximum 

41.00 
9.00 
10.00 
4170.00 



Correlations 

A series of correlations was conducted to explore the relationships between BAl, 

STAI-state, and STAI-trait total scores and the above descriptive statistics. This yielded 

only one significant correlation between an anxiety measure and a descriptive variable. 

Specifically, BAI total score was significantly correlated with marital status (r = -.39, p 

= .035). Post-hoc exploration of this variable revealed that single mothers reported the· 

most elevated anxiety on the BAI (M= 19.94, n = 18), followed by married (M= 9.38, n 

= 8) and separated (M = 4.00, n = 2) mothers. Given the discrepancy in the number of 

participants in each of these cells, however, the stability of this correlation is uncertain. 

Principal Components Analysis 

Four factors were retained from the Principal Components Analysis which 

cumulatively accounted for 93.62% of the variance (Table 4). Each factor was classified. 

based on the time range corresponding to the greatest variability within the factor (the 

time range in which factor scores met or exceeded .40). Factor 1 ranged from 344 ms-700 

ms with maximal variability at 624 ms. Factor 2 ranged from 192 ms-536 ms with 

maximum variability at 328 ms. Factor 3 ranged from 72 ms-280 ms, with maximum 

variability at 168 ms, and factor 4 ranged from stimulus onset to 152 ms, with maximum 

variability at 32 ms. Resulting factor scores for each subject within electrode clusters and 

conditions were used as dependent variables in the analyses discussed below. 
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Table 4 

Factors Retained from peA 

Factor Time (ms) 

1 344-700+ 
2 192-536 
3 72-280 
4 0-152 

% of Variance 

35.12 
27.45 
15.89 
15.16 

Regressions 

Cumulative % of Variance 

35.12 
62.57 
78.46 
93.62 

Results of regression analyses are presented for each of the four factors in 

succession. No significant effects emerged for right frontal or central electrode sites for 

factor 1. In examination of factor 2 (range = 192 ms-536 ms), no significant effects were 

observed for right frontal electrode sites; however, maternal STAI-trait anxiety was 

significant in predicting right central brain response to the stranger speaking "gibu" 

(F(2,27 )= 6.259,p = .006). As an individual predictor, STAr-trait anxiety accounted for 

18.3% of the variance in right central response to "gibu" (p = .012). The average 

responses of neonates of high and low-anxious mothers are presented in Figure 1 A to 

illustrate this effect. As seen in the figure, the neonate ofa high trait-anxiety mother 

(STAI-trait= 63) exhibits more positivity during this portion of the brainwave in response 

to the stranger's voice than a neonate ofa low trait-anxiety mother (STAI-trait= 30). This 

finding is also illustrated inFigure IB with chromatic topographical maps in which 

increasing intensities of red represent greater activation. In these maps, the top of the 

figure represents the front of the face. Consistent with the above finding, STAI-state 

anxiety was also a significant predictor of right central response to stranger "gibu" (F(2, 
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27) = 4.614,p = .019) for factor 2, accounting for 12.1 % of the variance. When utilizing 

BAI total score as a predictor, the overall equation was significant (F(2, 27 )= 3.403,p = 

.048); however, BAI did not remain a significant individual predictor following infant 
I 

gender (p = .142). These findings are summarized in Table 5. 
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Figure 1 

A. Average Right Central Brain Responses to Stranger "Gibu " in Low-Risk and High-

Risk Neonates for Factor 2 
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B. Topographical Representation of Brain Responses to Stranger "Gibu" in a) Low-Risk 

and b) High-Risk Neonates at 328 ms 
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Table 5 

Summary of Hierarchical Regression Analyses for Variables Predicting Neonate Right 

Central Brain Response to the Stranger Speaking "Gibu" for Factor 2 (N=30) 

Variable 

Model 1 CST AI-trait) 

Step 1 
Neonate Sex 

Step 2 
Neonate Sex 

STAI-trait 

Model 2 (STAI-state) 

Step 1 

Neonate Sex 

Step 2 
Neonate Sex 

STAI-state 

Model 3 (BAn 

Step 1 
Neonate Sex 

Step 2 
Neonate Sex 

BAI 

*p<.05 

B 

-.46 

-.41 

.02 

-.46 

-.53 

.02 

-.46 

-.54 

.01 

78 

SEB 

.22 

.20 

.01 

.22 

.21 

.01 

.22 

.22 

.01 

-.37* 

-.32 

.43* 

-.37* 

-.42* 

.35* 

-.37* 

-.43* 

.27 



No significant effects emerged in examination of factor 3. A regression utilizing 

component 4, however, indicated that infant gender and BAI total score were predictive 

of right central brain response to the stranger speaking "bidu" (F(2,27) = 4.227,p = .025) 

during this early portion of the brainwave (range = 0-152ms). As an individual predictor, 

BAI accounted for 24% of the variance in the brain response (p = .007). As seen in 

Figure 2, a low-risk neonate (BAI= 3) shows greater initial negativity than a high-risk 

neonate (BAI= 33) over this brain region. When STAI-state anxiety was utilized, the 

overall regression only approached significance (F(2,27) = 3.029,p = .065), although 

STAI-state anxiety was a significant individual predictor, accounting for 18.3% of the 

variance in the brain response (p = .021). STAI-trait anxiety was not predictive of this 

response. These findings are summarized in Table 6. Each ofthe above series of 

regressions was also replicated utilizing BDI as a predictor, and BDI total score did not 

significantly predict response to novelty over right frontal or central electrode sites for 

any of the components. 
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Figure 2 

A. Average Right Central Brain Responses to Stranger "Bidu" in Low-Risk and High­
Risk Neonates for Factor 4 
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and b) High-Risk Neonates at 75ms 
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Table 6 

Summary of Hierarchical Regression Analysis for Variables Predicting Neonate Right 

Central Brain Response to the Stranger Speaking "Bidu" for Factor 4 (N=30) 

Variable 

Model 1 (BAI) 

Step 1 
Neonate Sex 

Step 2 
Neonate Sex 

BAI 

Model 2 (STAI-state) 

Step 1 

Neonate Sex 

Step 2 
Neonate Sex 

STAI-state 

Model 3 (STAI-trait) 

Step 1 
Neonate Sex 

Step 2 
Neonate Sex 

STAI-trait 

*p<.05, **p<.OI 

B 

.04 

.18 

-.25 

.04 

.11 

-.03 

.04 

.00 

-.02 

81 

SEB 

.23 

.21 

.01 

.23 

.21 

.01 

.23 

.22 

.01 

.03 

.15 

-.50** 

.03 

.09 

-.43* 

.03 

.00 

-.31 



Analysis of Variance 

Repeated Measures Analysis of Variance was conducted on all factors, with 

anxiety grouping as a between subjects factor. No significant group or novelty effects 

emerged for factor 1. Analysis of factor 2 yielded a significant hemisphere x anxiety 

status effect (F(1,28)= 4.796,p = .037), with an observed power of .56. Post Hoc t-tests 

indicated that the high-risk group displayed greater right hemisphere activity overall 

(t(1,28) = -2.092, p = .046), while the low-risk group displayed greater left hemisphere 

activity overall (t(I,28) = 2.236,p = .034) during this time range (Figure 3). No 

significant group effects were observed for factor 3. Factor 4 yielded a significant 

hemisphere x speaker x group effect (F(I,28) = 4.182,p = .005), with an observed power 

of .51. Post-hoc ANOV A failed to support any hemispheric differences in terms of 

processing in response to the strangers voice, however, high-risk infants displayed more 

positive processing in response to their mother's voice over the left hemisphere (F(1, 28) 

= 5.931,p = .021). 
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Figure 3 

A. Differences in Average ERPs between Low-Risk and High-Risk Neonates across a) 
Right and b) Left Hemispheres 

a. 
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DISCUSSION 

Lateralization of Anxious Vulnerabilities 

The current findings add support to a growing body of evidence that 

predispositions toward anxious patterns of responding are associated with greater 

activation of the right cerebral hemisphere. Specifically, it was found that newborn 

infants of more highly anxious mothers displayed more positive right hemisphere 

responses during the time frame encompassing 192-536 ms post stimulus-onset, an ERP 

component with maximal variability at 328 ms. This effect was not specific to novel or 

familiar stimuli, but rather characterized the neonates' average responses to all auditory 

stimuli presented. This observation is consistent with a number of previous findings in 

the literature in which markers for anxious vulnerabilities (e.g., behavioral inhibition) 

have been associated with greater right hemisphere EEG activation. Considering the close 

association between anxiety and autonomic nervous system functioning, the observed 

assymetires may be reflective of the right hemisphere's established dominance in 

sympathetic activation (Lee, Meador, Loring, & Bradley, 2002; Meyer, Strittmatter, 

Fischer, Georg, & Schmitz, 2004). 

Research from Kagan's lab (McManis et aI., 2002) demonstrated that 70% of 

children who were rated as high reactive at 4 months and highly fearful at 2 years showed 

greater right hemisphere activation when they were 10 to 12 years of age. Daruna, Rau, 

and Strecker (1991) also reported hemispheric asymmetries associated with anxiety in 

children, as anxious 3 to 7-year-old children exhibited relatively larger P3 amplitudes 

over the right hemisphere than the left during an auditory tonal vigilance task. A number 

of investigations have yielded similar results in infant populations. For example, Field 
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and colleagues (2002) demonstrated that neonates who showed greater right than left 

activation across central and parietal sites exhibited more restless sleep, poorer scores on 

a neonatal behavioral assessment, and higher cortisol levels. Further, greater right 

hemisphere activation was also observed in their mothers who endorsed higher prenatal 

depression, anxiety, anger, and inhibition/avoidance, further supporting the contention 

that these observed hemispheric asymmetries may indeed be linked to vulnerabilities 

toward anxiety or negative affect. This finding also highlights similarities with the 

present sample, as these infants would have been considered high-risk based on maternal 

self-report alone. Importantly, the current findings suggest that these hemispheric 

differences that are related to maternal anxiety may be present even in newborn infants. 

Right hemisphere asymmetries associated with anxiety in early development have 

been more widely studied in post-neonate infant populations. For example, Buss and 

colleagues (Buss et aI., 2003) found that greater right frontal EEG was associated with 

negative affect in 6-month-old infants. This pattern of hemispheric asymmetry predicted 

greater expression of negative affect during approach by a stranger and higher fear scores 

based on maternal report, and was positively correlated with baseline and reactive 

cortisol levels. Davidson and Fox (1989) had similar findings in 10-month-old infants, as 

those who cried upon maternal separation exhibited greater right frontal activation. These 

differences were found to remain relatively stable over a 7 month period of monthly 

follow-ups (Bell & Fox, 1992). Further supporting the stability ofthese differences, Fox 

(1992) reported that 14-month-old infants who cried upon maternal separation showed 

greater right frontal EEG activation during follow-up testing 2 months after the maternal 

separation assessment. 
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The above findings converge to suggest that specific patterns of right hemisphere 

activation, detectable early in development, may represent vulnerabilities toward anxious 

outcomes. This contention is even more convincing as support for right hemisphere 

lateralization of systems related to anxiety continues to be observed into adulthood 

(Cummings, 1997; Jones & Fox, 1992; Mainio et aI., 2003; Nitschke et aI., 1999; 

Wiedmann et aI., 1999), and in animal models (Kalin, 2003). The current study extends 

the above findings in two important ways. First, it supports Field et aI.'s (2002) work, 

providing a downward.extension of the infant, child, and adult literatures by 

demonstrating that right hemisphere electrophysiological correlates of anxious 

responqing may be discernable as early as the neonatal period. Secondly, it affirms the 

importance of using event-related measures, rather than only more gross measurements of 

EEG activation. In this regard, the present study makes a unique contribution by 

demonstrating that high-risk neonates exhibit right hemisphere differences in information 

processing of basic auditory stimuli, suggesting an important direction of investigation to 

follow in order to more fully understand the nature of their vulnerability. While anxious 

vulnerabilities may be associated with general differences in brain activation, it is also 

important to further understand more specific patterns of responding to environmental 

stimuli that may be linked to specific stages of information processing. 

In summary, previous investigations have linked greater right hemisphere brain 

activation to anxious responding from infancy through adulthood, and it has been 

suggested that "the right hemisphere appears to be specialized for vigi1ance to and 

activation by the negative affective aspects of the environment" (Otto, Yeo, & Dougher, 

1987, p. 1205). The present study is among the first to add support for this finding as 
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early in development as the neonatal period, and suggests that such asymmetries may be 

observed in discrete segments of the electrophysiological response to environmental 

stimulation. As discussed below, the current study also presents evidence for anxiety­

related correlates of the neonate's brain response to novelty, which is important as 

anxiety has been associated with hypervigilance to cues of novelty or danger (Gray, 

1981; 1982). 

Response to Novelty 

Moving beyond more general differences in right hemisphere responding, the 

measurement of ERPs allows for examination of specific aspects of processing in 

. response to environmental stimuli conceptually related to anxiety. Specifically, it was 

possible in the present study to examine responses to novel stimuli and the degree to 

which maternal anxiety may predict the neonate's processing of such stimuli. Measures 

of both maternal state and trait (STAI-state and STAI-trait) anxiety were significant 

predictors of the neonate's response to novelty in the time range that encompassed 192-

536 ms post stimulus-onset, with maximal variability at 328 ms. Further inspection 

revealed that high-risk neonates exhibited greater positivity during this portion of the 

ERP. This effect was more pronounced when STAI-trait was used as a predictor, 

accounting for approximately 18% of the variance in neonate brain responses. This 

observation, coupled with the fact that BAI (another state-oriented measure) was not a 

significant predictor, potentially suggests that the observed effects reflect the 

transmission of constitutionally based vulnerabilities. Although tentative, these findings 

are consistent with a large body of adult literature that demonstrates differences in 

endogenous processing for anxious populations. 
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For example, Grillon and Ameli (1994) found that auditory-evoked P300, defined 

as the most positive peak between 250 and 500 ms post stimulus-onset, was more 

pronounced in a control population under threat of shock, while Weinstein (1995) 

reported greater amplitude ofP400 (occurring between 300 and 600 ms) for participants 

with higher ST AI scores during a threat priming task. Bruder et al. (2002) found that 

anxiety disordered patients exhibited a fronto-centrally located increase in P3 amplitude 

(maximal variability at 315 ms) during an auditory oddball task. Similarly, Clark, 

McFarlane, Weber, and Battersby (1996) found that panic disorder patients exhibited 

greater P3 amplitudes over frontal and central sites during an auditory discrimination 

task. Interestingly, findings in posttraumatic stress disorder (PTSD) patients have not 

been consistent with these results; PTSD has been associated with attenuated P3 

amplitude, (Charles et ai., 1995; McFarlane et ai., 1993; Metzger et ai., 1997), suggesting 

that different processes may be implicated in this disorder. However, as reviewed above, 

the present study converges with a growing body of literature in which adult anxiety is 

associated with differences in responding in the P300 time range. 

As discussed previously, Damna and colleagues (1991) had similar findings in a 

child population, with anxious children exhibiting increased P3 amplitudes over the right 

hemisphere during an auditory tonal vigilance task. However, in their study, P3 was 

defined as the average amplitude between 600 and 800 ms post stimulus-onset. This 

represents a later portion of the brainwave than that implicated in the current study, as 

well as in the previous investigations tl"om the adult literature. The authors reportedly 

chose this later time frame because evidence has demonstrated that children have longer 

latency to the P3 component (Damna & Rau, 1987), a finding that.is also present in infant 
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populations (Gunnar & Nelson, 1994; McIsaac & Polich, 1992). While Gunnar and 

Nelson (1994) also found differences related to later components of the wave (700-

1700ms) associated with infant emotionality, their methodology did not consider earlier 

waveform components. Considering latency differences between infant, child, and adult 

brain responses, however, it is possible that findings from the current study in the 192-

536 ms time range are not related to P3, but perhaps an earlier component of the wave. A 

competing hypothesis, however, would be that high-risk neonates in the current study 

demonstrated a decreased latency to P3, a finding that has consistently emerged in studies 

of anxious populations (Charles et ai., 1995; Miyata et ai.,1998; Towey et ai., 1990). 

A number of hypotheses have been presented in the literature for the significance 

of the relationship between anxiety and P3 components of the auditory evoked brain 

response, related to difficulties in adaptation to novelty or the presence of hypervigilance 

in attentional mechanisms. These constructs have been associated with a variety of neural 

circuits including frontal, temporal, and subcortical limbic structures. Despite competing 

explanations, these theories generally support Gray's BIS hypothesis, and add support for 

its neurobiological basis. The current study adds supporting evidence from the neonatal 

period, and further suggests that findings in the child and adult literatures may point to a 

constitutionally based mechanism that predisposes individuals toward anxious modes of 

responding. This mechanism, which likely incorporates attentional and novelty detection 

systems, may be initially adaptive for an individual, subsequently leading to the 

development of pathological anxiety through a variety of dynamic biological­

environmental interactions (Gunnar & Nelson, 1994). Such findings are supported by 

examinations of behaviorally inhibited children and overcontrolling parents, with such 
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combinations having the most deleterious effects in terms of infant outcome. (Hirshfeld 

et aI., 1997a; 1997b; Kagan, 1994a; Nachimas et aI., 1996). 

In addition to findings related to endogenous aspects of processing, the current 

study also demonstrated that anxiety-risk, as measured by the BAI, predicted neonatal 

response to novelty in the earliest component of the brainwave that ranged from stimulus 

onset to 152 ms, with maximal variability at 32 ms. Further inspection indicated that 

high-risk neonates demonstrated a less pronounced negativity during this early portion of 

the response to the novel voice. This finding is not consistent with the adult literature, as 

such studies have generally pointed toward increased early ERP negativities in anxious 

populations. Knott et ai. (1991), for example, demonstrated that adult PD patients 

exhibited greater early ERP amplitudes, occurring between 70 and 220ms post stimulus­

onset, in response to auditory stimuli of varying intensities. Similarly, lwanimi and 

colleagues (1997) also demonstrated an enhanced early negative component (peaking 

between 75 and 150 ms post stimulus-onset) for PD patients during a two-tone auditory 

discrimination task. Such findings have also emerged in non-clinically anxious 

popUlations, as Weinstein (1995) demonstrated that high-anxious adults, as measured by 

the STAI, exhibited enhanced NI (range 90-120 ms) amplitude during a threat priming 

task. Hansenne and colleagues (2003), however, demonstrated that harm avoidance was 

associated with attenuated negativity during an early component of processing that fell 

between 150 and 260 ms post stimulus-onset. Unfortunately, such early components of 

the brainwave have not been well studied in examinations of infant emotionality, and the 

current results call for further consideration of these early components in future 

investigations. 
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Future Directions 

The current study did not correlate ERP variables of interest with objective 

measures of infant behavior. A number of other studies have utilized such methodologies, 

demonstrating that electrophysiological differences are related to observable markers of 

behavioral inhibition (Bell & Fox, 1992; Buss et aI., 2003; Davidson & Fox, 1989; Field 

et aI., 2002; Gunnar & Nelson, 1994). Incorporating this approach with the measurement 

of ERPs would allow for a richer understanding of the behavioral expression of observed 

differences in brain processing. Establishing such links would be beneficial not only in 

deepening our theoretical understanding of the development of anxiety, but could also 

assist in the development of practical assessment and identification procedures that could 

be applied toward early intervention efforts. 

Although the current results correlate with findings observed in groups throughout 

the life span, in order to fully establish the presence of anxiety-related risk factors, it 

would be ideal to design and conduct longitudinal investigations. Such investigations 

would allow for documentation of the progression of these vulnerabilities throughout the 

lifespan, as well as their interaction with environmental variables. The laboratories of 

Kagan (McManis et aI., 2002) and Fox (Bell & Fox, 1992; Fox, 1992) have made 

important contributions in conducting longitudinal investigations within this realm, 

providing initial support for the stability of correlations between anxious behavior and 

electrophysiological markers throughout childhood. Such investigations are difficult to 

bring to fruition, but should continue to be pursued in the future. 

In an ideal research scenario, maternal self-report would not be used to 

operationalize anxiety and depression; it would be methodologically more sophisticated 

91 



to utilize structured diagnostic interviews such as the Anxiety Disorders Interview 

Schedule, 4th Edition (ADIS-IV; Brown, DiNardo, & Barlow, 1994) or the Structured 

Clinical Interview for DSM-IV Axis I Disorders (SCID-I; First, Spitzer, Gibbon, & 

Williams, 1997). However, these interviews can require over 2 hours to administer, an 

unrealistic amount of time to be expected in the current study setting given the mother's 

energy level, as well as the number of interruptions on the part of visitors and medical 

staff. The use of self-report did pos~ an advantage for the current study, however, in that 

it allowed maternal anxiety to be conceptualized in both continuous and categorical 

fashions. Future research should continue to consider the appropriateness of continuous 

vs. categorical classification schemes in operationalizing anxiety-related vulnerabilities. 

The current study involved the examination of only auditory ERPs. Given the 

relationship between the right hemisphere and anxiety, as well as the right hemisphere'S 

dominance in dealing with vi suo spatial information, additional effects may have been 

observed if visual stimuli were utilized. A number of researchers have identified anxiety­

related electrophysiological correlates in adults using visual stimuli (Ciesielski et aI., 

1981; Pauli et aI., 1997; Savage et aI., 1994; Weinstein, 1995). Gunnar and Nelson's 

(1994) work supports using such paradigms in infant populations, as they identified 

visually-evoked P3 differences related to both infant behavior and salivary cortisol levels. 

Future work may profitably explore both auditory and visual stimulus presentation 

modalities in neonates and infants, remaining sensitive to the development of these 

sensory systems when designing such studies. 

Failure to consider later portions of the evoked brain response is a shortcoming of 

the current work, as infants have been hypothesized to show similar components to the 
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adult brainwave, only with greater latency to onset. While the current study represents a 

shortcoming in this regard, other infant work has generally fallen short not only by failing 

to incorporate event-related measures of brain functioning, but also in failing to examine 

earlier components of the wave when such measures were used. The current study 

suggests that there may be important components to consider even within the first 100 ms 

of the brain response. Further, given evidence discussed above for reduced latencies to 

peaks of interest in anxious adult populations, it is possible that high-risk neonates do not 

exhibit the same increased latencies that controls do. Therefore, future work should 

continue to examine temporal aspects of brain processing, considering both early and late 

portions of evoked responses. 

Consistent with previous work in this area, paternal anxiety status was not 

considered in determining of the neonate's risk toward anxiety. The contribution of 

fathers certainly deserves more consideration in understanding constitutionally based 

vulnerabilities toward anxiety, as well as in understanding the developmental processes 

implicated in the psychopathology of anxiety. Building upon the current fi.ndings 

therefore, consideration of paternal variables is an important consideration for future 

investigations that build upon this work. Like longitudinal designs, this poses a difficult 

methodological obstacle for future researchers to overcome, but is of sufficient 

importance that it should indeed be pursued. 

Summary 

The current study presented evidence that predispositions toward anxious 

patterns of responding in neonates are associated with greater activation of the right 

cerebral hemisphere, and that measures of both maternal state and trait anxiety are 
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significant predictors of the neonate's brain response to a stranger's voice. These findings 

build on previous literature supporting the role of the right hemisphere in the experience 

of anxiety and the role of attentional biases toward novelty that are associated with the 

development and maintenance of pathological anxiety. The implication that such 

processes can be observed in a neonatal population is a novel contribution to these 

literatures. Building upon these findings with improved methodologies, such as the use of 

longitudinal designs, the consideration of paternal contributions, and the consideration of 

constitutional-environmental interactions, holds promise in further informing current 

understandings of the nature of anxiety disorders and strategies for their prevention. 
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