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Abstract

Anxiety disorders are among the most prevalent psychiatric disorders in youth; however, progress 

in treatment for childhood anxiety has stalled over the past decade. The National Institute of 

Mental Health (NIMH) Research Domain Criteria (RDoC) project represents a shift toward a 

dimensional and interdisciplinary approach to psychiatric disorders that may facilitate novel 

advances in the classification and treatment of childhood anxiety. In this article, we highlight the 

Systems for Social Processes and the Negative Valence System domains of RDoC as they relate to 

childhood anxiety disorders. Through natural reliance on parents to reduce children’s fear, 

attachment plays a central role in childhood anxiety. Moreover, frontoamygdala circuitry underlies 

both attachment processes and fear learning and has been consistently implicated in anxiety 

disorders across development. Through integrative and translational approaches, RDoC provides 

unique opportunities and simultaneous challenges for advancing the treatment of childhood 

anxiety disorders.

Introduction

The National Institute of Mental Health (NIMH) Research Domain Criteria (RDoC) project 

represents a critical shift in conceptualizing psychiatric disorders from specific, clinician-

rated symptoms using a categorical approach to a dimensional approach that encompasses 

multiple domains of human behavior and functioning (Insel et al., 2010; Sanislow et al., 

2010) (Cuthbert & Insel, 2013). RDoC continues to evolve since its inception as new data 

accumulate, with promise to lead to significant advances in understanding of 

psychopathology.

Research in anxiety and its disorders is particularly ripe for the changes that are unfolding 

with RDoC. Although anxiety disorders are prevalent across the lifespan (Costello, Egger, 

*Corresponding Author: wendy.silverman@yale.edu. 

HHS Public Access
Author manuscript
Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

Published in final edited form as:
Clin Psychol Rev. 2018 August ; 64: 99–109. doi:10.1016/j.cpr.2018.01.005.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Copeland, Erkanli, & Angold, 2011), the broad range of cross-study prevalence estimates 

highlights potential inconsistencies in the application of Diagnostic and Statistical Manual 

(DSM) categories. In addition, as often noted, comorbidity is more often the rule than the 

exception, particularly in the anxiety disorders (Costello et al., 2011), which suggests that 

DSM categories fail to “carve nature at its joints”. It is not uncommon for children and 

adolescents to meet criteria for many ‘different’ anxiety disorders, highlighting the 

difficulties inherent to the DSM categorical distinctions and the high likelihood of shared 

underlying pathology. Further, the symptoms needed to meet diagnostic criteria for some 

disorders often co-occur with those of other disorders. This suggests that disruptions 

associated with anxiety disorders occur in other psychiatric disorders (Curry, March, & 

Hervey, 2004; Kessler, Chiu, Demler, & Walters, 2005). Moreover, most symptoms that 

characterize the anxiety disorders are clearly excessive or inappropriate manifestations of 

otherwise adaptive components of human functioning.

The heterogeneous nature of anxiety disorders underscores both the strengths and the 

challenges of RDoC. Examination of the NIMH RDoC matrix shows most of the domains 

identified are pertinent to anxiety disorders: Negative Valence Systems are crucial to the 

excessive fear and avoidance that are germane to anxiety disorders; Cognitive Systems 
include allocation of attention, which is biased toward threat in clinically anxious 

individuals; Systems for Social Processing are also highly pertinent as children respond to 

anxiety with social responses oriented toward attachment figures; and Arousal/Regulatory 
Systems are disrupted in individuals with anxiety disorders who show difficulty with self-

regulation and potent startle reflex.

A comprehensive review of the myriad ways in which anxiety relates to RDoC constructs 

and domains is beyond this article’s scope. We focus instead on constructs within two RDoC 

domains related to anxiety in children and adolescents, encompassed hereon by the term 

“children”. Specifically, within the “Systems for Social Processes” domain and its associated 

“Affiliation and Attachment” construct, we summarize research on attachment in childhood 

anxiety; within the “Negative Valence System” domain and its associated “Fear” construct, 

we summarize research on fear learning in childhood anxiety. Even with this narrower focus, 

an exhaustive review is beyond article’s scope. Rather, we discuss these RDoC domains and 

associated constructs by showcasing research that most heavily influences therapeutics.

Social Processes

Broad Conceptualizations

The RDoC “Systems for Social Processing” domain encompasses functions that shape 

interpersonal behavior including identifying, interpreting, generating, and reacting to social 

content. The domain identifies four constructs: (1) Affiliation and Attachment, (2) Social 

Communication (with subconstructs for Reception and Production of Facial and Non-Facial 

Communication), (3) Perception and Understanding of Self (with subconstructs for Agency 

and Self-Knowledge), and (4) Perception and Understanding of Others (with subconstructs 

for Perception of Animacy and Action, and for Understanding of Mental States). Although 

many of these functions relate to anxiety, the functions possess particular relevance for 

childhood anxiety disorders. When threatened, children seek comfort and protection from 
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attachment figures, rendering the RDoC construct of Affiliation and Attachment particularly 

relevant.

Affiliation and Attachment

Human infants, like most other mammalian infants, are largely altricial and rely on parental 

caregiving for both sustenance and protection. This forms the basis of the attachment bond 

(Bowlby, 1978), which shapes core features of mammalian development that impact 

functioning throughout life (Hazan & Shaver, 1994). Species-specific systems have evolved 

throughout mammalian life, through which offspring signal their needs and attain protection 

from caregivers in response to those signals (Feldman, 2015). As a result, systems for threat 

detection and stress regulation are intricately intertwined with systems for attachment and 

affiliative behavior, with overlapping behavioral patterns and shared neurochemistry and 

circuitry (Lebowitz, Leckman, Silverman, & Feldman, 2016; MacDonald & Feifel, 2014; 

Moriceau & Sullivan, 2006). These systems are relevant to the development, course, and 

treatment of childhood anxiety disorders. They involve not only the children but also their 

parents and other attachment figures as partners in an evolved interpersonal, social system 

related to fear and anxiety. Empirical research, spanning multiple units identified for 

analysis by the RDoC matrix, implicates the attachment and affiliative systems in childhood 

anxiety. Key findings are summarized next.

Behavior and Self-Report.—Behavioral paradigms and self-report assess attachment 

and its connections to childhood anxiety disorders. In infants and very young children, 

particularly important work utilizes the Strange Situation paradigm (Ainsworth, Blehar, 

Waters, & Wall, 1978), which classifies infants as having either secure or insecure 

attachment based on the infant’s response to separation and reunification with the primary 

caregiver. Meta-analyses demonstrate significant associations between insecure attachment 

and anxiety in childhood, though findings are inconsistent and effect sizes are small to 

moderate (Colonnesi et al., 2011; Groh, Roisman, van Ijzendoorn, Bakermans-Kranenburg, 

& Fearon, 2012; Madigan, Atkinson, Laurin, & Benoit, 2013; van Ijzendoorn, Schuengel, & 

Bakermans-Kranenburg, 1999). In older children, self-report measures have also been 

developed to assess attachment security in children and provide additional evidence for the 

link between insecure attachment and anxiety disorders (Muris, Mayer, & Meesters, 2000).

Brain Circuitry.—Neuroimaging research suggests that brain systems that support 

attachment may be relevant to childhood anxiety. Frontoamygdala circuitry may malfunction 

in anxiety disorders, giving rise to amygdala hyperactivity, diminished prefrontal control, 

and altered connectivity between these regions. Amygdala engagement enables rapid 

responses to danger and efficient deployment of appropriate responses (Davis & Whalen, 

2001; LeDoux, 2007). Portions of the prefrontal cortex (PFC) can constrain or amplify these 

initial responses, with portions of medial PFC inhibiting some aspects of the initial response 

to danger (Sotres-Bayon & Quirk, 2010). Amygdala hyperactivity to emotional stimuli is 

associated with anxiety during childhood and adolescence (Guyer et al., 2008; McClure et 

al., 2007; Monk et al., 2008; Thomas et al., 2001), as well as adulthood (Bishop, Duncan, & 

Lawrence, 2004; Etkin et al., 2004; Somerville, Kim, Johnstone, Alexander, & Whalen, 

2004; Stein, Simmons, Feinstein, & Paulus, 2007). Impaired prefrontal control of the 
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amygdala and altered connectivity between the amygdala and PFC have also been observed 

in both children (Blackford & Pine, 2012; Kujawa et al., 2016; Monk et al., 2006) and adults 

(Kim et al., 2011; Milad et al., 2009; Phan et al., 2009; Rauch, Shin, & Phelps, 2006; Rauch, 

Shin, & Wright, 2003; Shin et al., 2005) with anxiety disorders.

Child and adolescent development involve dynamic changes in frontoamygdala circuitry, 

which may contribute to heightened risk for anxiety at specific developmental stages. Cross-

species evidence suggests that the amygdala matures earlier than the PFC (Chareyron, 

Lavenex, Amaral, & Lavenex, 2012; Lenroot & Giedd, 2006; Machado & Bachevalier, 

2003; Payne, Machado, Bliwise, & Bachevalier, 2010). Children show robust amygdala 

reactivity to fearful faces and other emotional stimuli during typical development, with 

reactivity typically decreasing following childhood (Decety, Michalska, & Kinzler, 2012; 

Gee et al., 2013; Silvers, Shu, Hubbard, Weber, & Ochsner, 2015; Swartz, Carrasco, 

Wiggins, Thomason, & Monk, 2014; Vink, Derks, Hoogendam, Hillegers, & Kahn, 2014). 

This heightened amygdala reactivity may correspond to age-typical, normative expressions 

of childhood fears, such as separation anxiety, which peaks early in life (Gee et al., 2013; 

Gullone, King, & Ollendick, 2001). Reciprocal connections between the amygdala and 

medial PFC appear to support effective emotion regulation and fear extinction in healthy 

adults (Kim, Somerville, Johnstone, Alexander, & Whalen, 2003; Phelps, Delgado, Nearing, 

& LeDoux, 2004). These connections may show protracted development throughout 

childhood and adolescence both functionally (Decety et al., 2012; Gabard-Durnam et al., 

2014; Gabard-Durnam et al., 2016; Gee et al., 2013; Perlman & Pelphrey, 2011; Vink et al., 

2014) and structurally (Gee et al., 2016; Lebel et al., 2012; Swartz et al., 2014).

Cross-sectional data suggest that a developmental switch may occur in frontoamygdala 

connectivity during the transition from childhood to adolescence, which parallels normative 

changes in anxiety and amygdala reactivity (Gee et al., 2013; Wu et al., 2016). Children 

show positive functional connectivity when viewing fearful faces, whereas negative 

functional connectivity emerges around the transition to adolescence. This pattern of 

negative (inverse) functional connectivity becomes strongest in adulthood, consistent with an 

increasingly regulatory circuit that has been demonstrated in healthy adults (Hariri, Mattay, 

Tessitore, Fera, & Weinberger, 2003; Kim et al., 2003). Importantly, although data are only 

beginning to emerge, they suggest that this trajectory goes awry in children with anxiety 

disorders who fail to exhibit the expected age-related patterns of frontoamygdala 

connectivity (Kujawa et al., 2016; Spielberg et al., 2015).

Early in life, attachment figures powerfully reduce fear in their children, leading children to 

seek such figures when threatened; findings that are reflected in cross-species research 

(Gunnar & Donzella, 2002; Hofer, 1994; Howell et al., 2013; Moriceau & Sullivan, 2006; 

Plotsky et al., 2005; Romeo et al., 2003). In rodents and non-human primates, maternal 

presence maintains low levels of corticosterone and reduces HPA axis reactivity (Levine, 

Johnson, & Gonzalez, 1985; Moriceau & Sullivan, 2006; Sanchez, 2006), similar to effects 

of parents in human children (Gunnar & Donzella, 2002; Hostinar, Sullivan, & Gunnar, 

2014; Kertes et al., 2009; Seltzer, Prososki, Ziegler, & Pollak, 2012). At the neural level, 

maternal presence engages the medial PFC (Bock, Riedel, & Braun, 2012; Rilling et al., 
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2001) and buffers against amygdala reactivity (Moriceau & Sullivan, 2006) in developing 

animals.

Brain imaging studies extend such cross-species perspectives on neurobiological 

mechanisms by which attachment figures reduce anxiety early in life. Recent work suggests 

that the presence of maternal stimuli predicts reduced amygdala reactivity in children, as 

well as phasic induction of more mature patterns of negative amygdala-medial PFC 

functional connectivity that are associated with lower anxiety (Gee et al., 2014; Gee et al., 

2013). Moreover, a subset of children who reported particular heavy reliance on their parents 

when under stress showed the greatest impact of maternal presence on frontoamygdala 

circuitry. A similar pattern of maternal presence impact has been shown in clinically anxious 

children who requested their mother be present during an fMRI scan (Conner et al., 2012). 

These findings suggest a potential neural mechanism by which children’s reliance on 

attachment figures reduces anxiety.

Importantly, the effect of maternal presence on frontoamygdala circuitry and behavior 

appears specific to childhood and not to adolescence (Gee et al., 2014; Hostinar, Johnson, & 

Gunnar, 2015). Given dynamic changes across development, caregiving experiences may 

interact with developmental stage in ways that allow parents to reduce fear or buffer against 

stress reactivity in their children in unique ways at particular stages (Gee, 2016; Gee & 

Casey, 2015). Parents may shape circuitry function in early life, and effective anxiety 

reduction in later life may reflect children’s evolving capacity to engage this circuitry 

independently with development (Callaghan & Tottenham, 2016), especially around 

adolescence and related key developmental transitions. Over time, consistent engagement of 

frontoamygdala circuitry through attachment figures early in life may contribute to 

environmental shaping of the more intrinsic function of this circuit in ways that promote 

independent anxiety reduction as children transition into adolescence and adulthood 

(Gabard-Durnam et al., 2016). Though caregiver buffering effects appear to be more 

prominent in childhood, social buffering of anxiety and stress reactivity continues with 

alternative relationships serving buffering roles at distinct developmental stages. For 

example, evidence suggests that relationships with peers and romantic partners take on 

similar roles later in life (Adams, Santo, & Bukowski, 2011; Calhoun et al., 2014; Coan, 

Schaefer, & Davidson, 2006; Ditzen et al., 2007).

Early attachment figures may reduce childhood anxiety through effects on frontoamygdala 

circuitry. As such, early-life disruptions in caregiving may profoundly impact development 

of this circuit and its association with anxiety. Substantial variability exists in outcomes 

following caregiving-related stress, in part due to differences in the timing of the adversity 

(Gee & Casey, 2015; Sabatini et al., 2007; Schayek & Maroun, 2015). However, forms of 

early caregiving adversity such as parental deprivation are associated with altered function in 

the HPA axis (Gee et al., 2013; Gunnar & Quevedo, 2007; Koss, Hostinar, Donzella, & 

Gunnar, 2014; Moriceau, Raineki, Holman, Holman, & Sullivan, 2009; Sanchez, 2006) and 

frontoamygdala circuitry (Gee et al., 2013; Hanson, Knodt, Brigidi, & Hariri, 2015; Howell 

et al., 2013; Ono et al., 2008; Tottenham et al., 2011; Tottenham et al., 2010). Individuals 

who experience early caregiving adversity are also at increased risk for anxiety (Gee et al., 

2013; Goff et al., 2013; Green et al., 2010; Ono et al., 2008; Tottenham et al., 2010; Zeanah 
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et al., 2009), which has been associated with increased amygdala volume (Mehta et al., 

2009; Tottenham et al., 2010) and reactivity (Gee et al., 2013; Tottenham et al., 2011).

Early parental deprivation may accelerate the development of frontoamygdala circuitry. 

Cross-sectional data suggest that typically reared individuals manifest a normative, age-

related shift from positive to negative frontoamygdala functional connectivity. However, 

children who experienced parental deprivation during infancy display a pattern of negative 

frontoamygdala functional connectivity that manifests only in older individuals not exposed 

to deprivation (Gee et al., 2013). These findings in humans are consistent with evidence of 

accelerated development when examining startle response to unpredictable threat cues 

(Missig, Ayers, Schulkin, & Rosen, 2010).

Research into the roles of oxytocin in attachment and anxiety in humans is constrained by 

barriers to direct central measurement or administration of oxytocin and its agonists or 

antagonists. Cerebrospinal fluid oxytocin levels in ten non-clinical youth who were 

undergoing CSF-related medical procedures were negatively correlated with anxiety ratings 

(Carson et al., 2015). Two recent studies more directly relate oxytocinergic functioning to 

childhood anxiety disorders. In one study, salivary oxytocin levels in a sample of clinically 

anxious youth correlated negatively with anxiety symptoms, particularly separation anxiety 

(Lebowitz et al., 2016). In the other study, a brief positive parent-child interaction was 

followed by a rise in children’s salivary oxytocin levels, which positively correlated with 

levels of separation anxiety (Lebowitz et al., 2017). Plasma oxytocin levels may also be 

associated with measures of anxiety in adult samples but results are inconsistent and meta-

analyses are needed (Anderberg & Uvnas-Moberg, 2000; Heinrichs, Baumgartner, 

Kirschbaum, & Ehlert, 2003; Light et al., 2000; Scantamburlo et al., 2007; Stuebe, Grewen, 

& Meltzer-Brody, 2013).

Genes.—Recent changes in genetics research emphasize whole-genome approaches, which 

are not easily applied to RDoC-focused approaches to genetics. Despite their limitations, 

approaches in RDoC that target particular forms of genetic variation also inform 

understandings of attachment. This includes genetics research on the oxytocinergic system 

in attachment and anxiety disorders (Onodera et al. (2015) (Chen, Barth, Johnson, Gotlib, & 

Johnson, 2011) as well as genetics research on (Notzon et al., 2016) familial, environmental, 

and neural correlates of anxiety (Chen et al., 2011; Myers et al., 2014; Thompson, Parker, 

Hallmayer, Waugh, & Gotlib, 2011; Tost et al., 2010; Wang et al., 2014). Research in 

animals can take advantage of the higher in non-human animal studies (Bath, Manzano-

Nieves, & Goodwill, 2016; Callaghan, Sullivan, Howell, & Tottenham, 2014; Moriceau et 

al., 2009; Moriceau & Sullivan, 2006; Ono et al., 2008). In both rodents and humans, early 

frontoamygdala development relates to cortisol levels, suggesting that modifications of the 

HPA axis may contribute to accelerated development. The precocious maturation of 

frontoamygdala circuitry may be adaptive for young organisms lacking in parental care. For 

example, despite overall greater risk for anxiety, within the group of youths who had 

experienced parental deprivation, those individuals who displayed negative connectivity had 

lower anxiety than their same-aged peers with positive connectivity (Gee et al., 2013). These 

are intriguing findings and longitudinal studies are necessary to understand the likely 

consequences of accelerated development.
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Molecules.—Neurochemical research on attachment has focused in large part on oxytocin. 

Oxytocin and the closely related molecule arginine vasopressin are 9 amino acid peptides 

with a long evolutionary history (Donaldson & Young, 2008; Feldman, Monakhov, Pratt, & 

Ebstein, 2015). Variants of oxytocin are found in a wide range of species and are implicated 

in modulating aspects of species-specific attachment and anxiety regulation behaviors 

(Feldman et al., 2015). In several s mammal species, oxytocin shapes caregiving and pair-

bonding behavior in (Carter, DeVries, & Getz, 1995; Insel & Young, 2001; Pedersen & 

Prange, 1979). Studies in animal models have also demonstrated the role of oxytocin in 

anxiety behavior. Central administration of oxytocin in mice reduces anxiety behavior and 

increases social behavior (Lukas et al., 2011; Mak, Broussard, Vacy, & Broadbear, 2012; 

Slattery & Neumann, 2010), while central administration of oxytocin receptor antagonists 

leads to avoidant behavior (Lukas et al., 2011). The anxiolytic effects of oxytocin 

administration are less pronounced, however, levels of experimental control to overcome 

limitations in research on humans to precisely map genetic contributions to attachment and 

other social processes related to threat-responsive behavior (Amico, Mantella, Vollmer, & 

Li, 2004; Sala et al., 2011; Takayanagi et al., 2005). Overall, preclinical and clinical studies 

emphasize the role of oxytocin in both stress and social behavior in ways likely to inform 

studies of childhood anxiety (Feldman et al., 2015).

Research findings that implicate oxytocin and its social effects in other, non-anxiety, 

phenotypes underscore the importance of the RDoC framework for understanding 

disruptions in functioning across traditional diagnostic lines. For example, oxytocin 

administration has been found to produce antidepressant effects, and to augment the effects 

of antidepressant medication, in animal models of depression (Arletti et al., 1995; Arletti & 

Bertolini, 1987; Nowakowska, Kus, Bobkiewicz-Kozlowska, & Hertmanowska, 2002; Ring 

et al., 2010). Its roles in modulating social behavior, including social recognition, also have 

implications for autism spectrum disorders (Ferguson, Aldag, Insel, & Young, 2001).

Negative Valence Systems

Broad Conceptualizations

The negative valence systems domain under RDoC encompasses processes engaged in the 

context of aversive or dangerous situations. The RDoC matrix identifies five constructs 

under the negative valence systems domain: (1) Fear or Acute Threat, (2) Potential Threat, 

(3) Sustained Threat, (4) Loss, and (5) Frustrative Nonreward. Under RDoC, Fear refers to 

the complex ‘defensive motivational system to promote behaviors that protect the organism 

from perceived danger’. The RDoC definition further distinguishes responses to immediately 

perceived dangers or threats from responses to more distal, less certain threats, labeled with 

the terms “Potential Threat or Anxiety”. Demarcation of these responses can be challenging 

however because threats that are realistically remote or of low likelihood may be 

inaccurately perceived as immediate in individuals with anxiety disorders especially 

children. As with many aspects of RDoC, it is also not possible to fully disentangle the fear 

system from other domains of functioning necessary for survival. That is, an individual 

recognizes and responds to threats with fear; these processes engage multiple interacting 

systems for attention, perception, and associated processes. Nevertheless, disruptions in the 
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fear system have clear and major implications for anxiety disorders and have been studied at 

multiple levels of the RDoC matrix.

Fear

Key features of the fear system are highly conserved across species, making translation of 

research in other species to humans more direct than in many areas (LeDoux, 2000; Phelps 

& LeDoux, 2005). For example, the neural correlates of threat conditioning and extinction 

can be assessed using highly similar procedures across species, such that neutral and 

aversive unconditioned stimuli can be paired repeatedly to examine threat learning, or 

decoupled to examine extinction learning. (Pine, Helfinstein, Bar-Haim, Nelson, & Fox, 

2009; Quirk & Mueller, 2008). In humans, the response to these procedures at the 

behavioral, molecular, and circuitry levels parallels those observed in other species (Lissek, 

2005).

Behavior and self-report.—Self-report of subjective fear levels has been used in 

classical conditioning studies to examine fear acquisition and extinction. Meta-analysis 

demonstrates robust fear acquisition and delayed extinction in patients with anxiety. Studies 

that have used behavioral outcomes to examine fear acquisition or extinction (i.e., operant 

conditioning) in humans are less common, despite data showing increased avoidant behavior 

in children and adults with anxiety disorders (Hayes, 1976; Klein, Becker, & Rinck, 2011; 

Tsao & McKay, 2004) and given the central role of avoidance for most theoretical models of 

the anxiety disorders. Early studies used shock as the unconditioned stimulus, in efforts to 

recreate conditions used to measure learned avoidance in rodents (Ader & Tatum, 1961, 

1963). A small number of studies have used alternative stimuli such as carbon dioxide, 

unpleasant images, or unpleasant sounds (Dymond, Roche, Forsyth, Whelan, & Rhoden, 

2007; Lejuez, O’Donnell, Wirth, Zvolensky, & Eifert, 1998). Behavioral avoidance research 

has been hampered in part by theoretical challenges (LeDoux, Moscarello, Sears, & 

Campese, 2017) involved in accurately measuring avoidance. Novel approaches to 

measuring avoidance using sophisticated technological advances hold promise for future 

research in this direction (Lebowitz, Shic, Campbell, Basile, & Silverman, 2015; Lebowitz, 

Shic, Campbell, MacLeod, & Silverman, 2015).

Physiology.—Threat learning and extinction paradigms have been used to compare 

anxious and non-anxious individuals during the acquisition and extinction of fear, quantified 

at multiple levels of analysis. More than half a century ago, Howe (1958) reported elevated 

skin conductance response during fear acquisition in patients with severe anxiety, compared 

with others. Although these findings have been replicated by some, many others have failed 

to replicate (Ashcroft, Guimarães, Wang, & Deakin, 1991; Clum, 1969; Fayu, 1961; 

Hermann, Ziegler, Birbaumer, & Flor, 2002; Orr et al., 2000); (Grillon, Ameli, Goddard, 

Woods, & Davis, 1994; Grillon & Morgan Iii, 1999; Jovanovic et al., 2014; Morgan Iii, 

Grillon, Southwick, Davis, & Charney, 1995); (Hermann et al., 2002; Peri, Ben-Shakhar, 

Orr, & Shalev, 1999; Schneider et al., 1999). Further, meta-analyses do demonstrate some 

perturbations on these paradigms, but the perturbations do not include enhanced fear 

acquisition; for studies of extinction learning, in contrast more consistent results arise, with 
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the data showing deficient extinction in anxious individuals (Del-Ben et al., 2001; Peri et al., 

1999; Pliszka, Hatch, Borcherding, & Rogeness, 1993; Schneider et al., 1999).

Brain Circuitry.—Neuroimaging research in humans and other animals implicates the 

amygdala in the fear response (Davis & Whalen, 2001; Kapp, Whalen, Supple, & Pascoe, 

1992; Lau et al., 2011; LeDoux, 2003; LeDoux, 2007; LeDoux, 2000; Medina, Christopher 

Repa, Mauk, & LeDoux, 2002; Phelps, 2006; Phelps et al., 2004; Phelps & LeDoux, 2005). 

Animal studies indicate sensory information is received in the lateral nucleus of the 

amygdala from the thalamus and the sensory cortex, and transmitted to the central nucleus of 

the amygdala, which triggers changes in autonomic nervous system, endocrine, and motor 

functioning. Storage of synaptic changes in this circuitry enables fear acquisition. Human 

neuroimaging studies show increased amygdala reactivity after fear acquisition (Blackford 

& Pine, 2012; Büchel & Dolan, 2000; LaBar, Gatenby, Gore, LeDoux, & Phelps, 1998; 

Phelps et al., 2004), and increased amygdala reactivity in anxious children relative to healthy 

children (Blackford & Pine, 2012; Blair et al., 2011; Guyer et al., 2008; McClure et al., 

2007; Thomas et al., 2001). By contrast, the PFC (particularly ventromedial PFC) and 

hippocampus play a central role in fear extinction (Milad et al., 2007; Phelps et al., 2004). 

Specifically, the ventromedial PFC inhibits the central nucleus of the amygdala through the 

intercalated cells. Poorer extinction memory in patients with anxiety has been associated 

with weaker activation of the ventromedial PFC and hippocampus (Milad et al., 2009).

Implications and Future Directions for Research and Clinical Practice

RDoC provides challenges and opportunities for advancing knowledge and treatment of 

childhood anxiety disorders. Research at the neurocircuitry, molecular, and genetic levels 

has had limited impact on clinical practice in general or for childhood anxiety disorders in 

particular. Treatment development and evaluation research for childhood anxiety disorders 

progressed rapidly in the final decades of the previous century, particularly research relating 

to selective serotonin reuptake inhibitors and cognitive-behavioral therapy, respectively 

(Silverman, Pina, & Viswesvaran, 2008). Despite clear progress, advances in therapeutics 

have recently stalled, and a mechanistic understanding of childhood anxiety has not 

emerged, as is the goal for the RDoC levels of analysis. The same is true with respect to 

assessment approaches, which also were greatly enhanced during this period through the 

introduction of reliable diagnostic classification tools (Silverman & Ollendick, 2005), but 

were rooted in the DSM categorical approach of psychopathology, rather than on domains of 

functioning as in RDoC.

RDoC provides opportunities through a refocusing of priorities. One example from the 

Systems for Social Processes Domain involves innovative parent-based treatments for 

childhood anxiety disorders. Attempts to reduce childhood anxiety through parent-based 

treatments initially simply adapted approaches used in child-focused cognitive behavioral 

therapy. That is, parents were instructed in the theoretical foundation and practical 

implementation of cognitive behavioral therapy and were encouraged to implement these 

tools with their anxious child. Despite early promise (Barrett, Dadds, & Rapee, 1996), 

ultimately numerous clinical trials indicated that this approach does not enhance child 

outcomes relative to providing only child-focused cognitive-behavioral therapy (Barmish & 
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Kendall, 2005; Breinholst, Esbjorn, Reinholdt-Dunne, & Stallard, 2012; Nauta, Scholing, 

Emmelkamp, & Minderaa, 2001; Nauta, Scholing, Emmelkamp, & Minderaa, 2003; 

Silverman, Pina, & Viswesvaran, 2008); Silverman, Kurtines, Pina, & Jaccard, 2009).

Recent, alternative approaches emphasize Affiliation and Attachment in childhood anxiety 

disorders, highlighting children’s social response to anxiety and relevance for novel parent-

based therapeutic interventions. Specifically, recent research delineates the ways in which 

parents alter their own behavior to help their children avoid or alleviate distress related to the 

anxiety (Flessner et al., 2011; Lebowitz, Panza, & Bloch, 2016; Lebowitz, Scharfstein, & 

Jones, 2015; Lebowitz, Scharfstein, & Jones, 2014; Lebowitz et al., 2013; Norman, 

Silverman, & Lebowitz, 2015; Storch et al., 2015; Thompson-Hollands, Kerns, Pincus, & 

Comer, 2014).

Biological research has also linked the oxytocin molecule to family accommodation of 

childhood anxiety, with preliminary results indicating that children’s oxytocinergic 

functioning significantly predicts the levels of reported family accommodation (Lebowitz et 

al., 2016). These findings have led to the increased targeting of family accommodation in 

child anxiety treatment. The SPACE Program (Supportive Parenting for Anxious Childhood 

Emotions), for example, is a fully parent-based treatment that focuses on reducing parental 

accommodation of child symptoms and shows promise as an alternative or complementary 

treatment to child-focused cognitive behavioral therapy (Lebowitz, 2013; Lebowitz, 2013, 

2015; Lebowitz, 2016; Lebowitz & Omer, 2013; Lebowitz, Omer, Hermes, & Scahill, 2014). 

Unique features of parent-based interventions such as SPACE relate to their focus on social 

domains of functioning implicated in childhood anxiety. Such interventions show the power 

of multi-dimensional approaches such as RDoC to inform therapeutics.

Work on the potential of the compound d-cycloserine (DCS) to enhance the efficacy of 

exposure-based behavioral therapy for childhood anxiety is another example of RDoC 

research driving translational innovations, in the Negative Valence Systems Domain. 

Molecular research in rodents implicated N-methyl-D-aspartate (NMDA) receptor activity in 

the amygdala in fear extinction (Baker & Azorlosa, 1996; Davis, 2002; Royer & Paré, 

2002). NMDA receptor activity can be chemically manipulated through stimulation of the 

glycine binding site on the NMDA glutamate receptor. DCS acts as a partial agonist of this 

site suggesting it may enhance the efficacy of exposure therapy by modulating NMDA 

receptor activity, thus increasing plasticity in the relevant circuitry or reducing the likelihood 

of fear memory reconsolidation. Promising results in animal models of fear extinction 

supported this possibility (Ledgerwood, Richardson, & Cranney, 2003, 2005; Walker, 

Ressler, Lu, & Davis, 2002). Subsequent human studies have provided evidence for the 

ability of DCS, administered during exposure sessions, to enhance fear extinction in 

exposure therapy in anxiety patients (Guastella, Lovibond, Dadds, Mitchell, & Richardson, 

2007; Guastella et al., 2008; Hofmann et al., 2006; Otto et al., 2010; Ressler et al., 2004; 

Storch et al., 2010). Importantly, results have not been entirely consistent and more research 

is required before DCS can be considered to reliably enhance treatment effects, or be 

routinely prescribed. Work on DCS provides a useful model of research at multiple levels of 

analysis being translated into potentially novel intervention strategies.
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Conclusion

Recent research has advanced understanding of childhood anxiety disorders. Applying the 

RDoC model can exponentially increase these advances by integrating previously siloed 

research areas. Multidisciplinary research into the roles of Affiliation and Attachment and of 

Fear in childhood anxiety exemplify the potential of RDoC to facilitate this kind of 

integrative and translational research, and to ultimately contribute to the development of a 

novel system for the identification and classification of psychopathology.

Acknowledgements

The writing of this manuscript was supported in part by grants from: National Institute of Mental Health (NIMH, 
K23MH103555; ERL), National Institutes of Health (NIH, DP5OD021370; DGG), Brain and Behavior Research 
Foundation (NARSAD Young Investigator Award; DGG), National Center for Advancing Translational Sciences 
(NCATS KL2TR000140; ERL), and the NIMH Intramural Research Program.

References

Adams RE, Santo JB, & Bukowski WM (2011). The presence of a best friend buffers the effects of 
negative experiences. Developmental Psychology, 47, 1786–1791. doi: 10.1037/a0025401 
[PubMed: 21895364] 

Ader R, & Tatum R (1961). Free-operant avoidance conditioning in human subjects. Journal of the 
Experimental Analysis of Behavior, 4. doi: 10.1901/jeab.1961.4-275

Ader R, & Tatum R (1963). Free-operant avoidance conditioning in individual and paired human 
subjects. Journal of the Experimental Analysis of Behavior, 6. doi: 10.1901/jeab.1963.6-357

Ainsworth MDS, Blehar MC, Waters E, & Wall S (1978). Patterns of attachment: A psychological 
study of the strange situation. Oxford, England: Lawrence Erlbaum.

Amico JA, Mantella RC, Vollmer RR, & Li X (2004). Anxiety and stress responses in female oxytocin 
deficient mice. Journal of Neuroendocrinology, 16, 319–324. doi: 10.1111/j.
0953-8194.2004.01161.x [PubMed: 15089969] 

Anderberg UM, & Uvnas-Moberg K (2000). Plasma oxytocin levels in female fibromyalgia syndrome 
patients. Zeitschrift für Rheumatologie, 59, 373–379. [PubMed: 11201002] 

Arletti R, Benelli A, Poggioli R, Luppi P, Menozzi B, & Bertolini A (1995). Aged rats are still 
responsive to the antidepressant and memory-improving effects of oxytocin. Neuropeptides, 29, 
177–182. [PubMed: 8538880] 

Arletti R, & Bertolini A (1987). Oxytocin acts as an antidepressant in two animal models of 
depression. Life Sciences, 41, 1725–1730. doi: 10.1016/0024-3205(87)90600-x [PubMed: 3657379] 

Ashcroft KR, Guimarães FS, Wang M, & Deakin JFW (1991). Evaluation of a psychophysiological 
model of classical fear conditioning in anxious patients. Psychopharmacology, 104, 215–219. doi: 
10.1007/BF02244181 [PubMed: 1876666] 

Baker JD, & Azorlosa JL (1996). The NMDA antagonist MK-801 blocks the extinction of Pavlovian 
fear conditioning. Behavioral Neuroscience, 110, 618–620. doi: 10.1037/0735-7044.110.3.618 
[PubMed: 8889007] 

Barmish AJ, & Kendall PC (2005). Should parents be co-clients in cognitive-behavioral therapy for 
anxious youth? Journal of Clinical Child and Adolescent Psychology, 34, 569–581. [PubMed: 
16026220] 

Barrett PM, Dadds MR, & Rapee RM (1996). Family treatment of childhood anxiety: A controlled 
trial. Journal of Consulting and Clinical Psychology, 64, 333–342. doi: 10.1037/0022-006x.
64.2.333 [PubMed: 8871418] 

Bath KG, Manzano-Nieves G, & Goodwill H (2016). Early life stress accelerates behavioral and neural 
maturation of the hippocampus in male mice. Hormones and Behavior, 82, 64–71. doi: 10.1016/
j.yhbeh.2016.04.010 [PubMed: 27155103] 

Lebowitz et al. Page 11

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Bishop SJ, Duncan J, & Lawrence AD (2004). State anxiety modulation of the amygdala response to 
unattended threat-related stimuli. The Journal of Neuroscience: The Official Journal of the Society 
for Neuroscience, 24, 10364–10368. doi: 10.1523/JNEUROSCI.2550-04.2004 [PubMed: 
15548650] 

Blackford JU, & Pine DS (2012). Neural substrates of childhood anxiety disorders: a review of 
neuroimaging findings. Child and Adolescent Psychiatric Clinics of North America, 21, 501–525. 
doi: 10.1016/j.chc.2012.05.002 [PubMed: 22800991] 

Blair KS, Geraci M, Korelitz K, Otero M, Towbin K, Ernst M, … Pine DS (2011). The pathology of 
social phobia is independent of developmental changes in face processing. The American Journal 
of Psychiatry, 168, 1202–1209. doi: 10.1176/appi.ajp.2011.10121740 [PubMed: 21632650] 

Bock J, Riedel A, & Braun K (2012). Differential changes of metabolic brain activity and interregional 
functional coupling in prefronto-limbic pathways during different stress conditions: functional 
imaging in freely behaving rodent pups. Frontiers in Cellular Neuroscience, 6. doi: 10.3389/fncel.
2012.00019

Bowlby J (1978). Attachment theory and its therapeutic implications. Adolescent Psychiatry, 6, 5–33. 
[PubMed: 742687] 

Breinholst S, Esbjorn BH, Reinholdt-Dunne ML, & Stallard P (2012). CBT for the treatment of child 
anxiety disorders: A review of why parental involvement has not enhanced outcomes. Journal of 
Anxiety Disorders, 26, 416–424. doi: 10.1016/j.janxdis.2011.12.014 22306129 [PubMed: 
22306129] 

Büchel C, & Dolan RJ (2000). Classical fear conditioning in functional neuroimaging. Current 
Opinion in Neurobiology, 10, 219–223. doi: 10.1016/S0959-4388(00)00078-7 [PubMed: 
10753800] 

Calhoun CD, Helms SW, Heilbron N, Rudolph KD, Hastings PD, & Prinstein MJ (2014). Relational 
victimization, friendship, and adolescents’ hypothalamic-pituitary-adrenal axis responses to an in 
vivo social stressor. Development and Psychopathology, 26, 605–618. doi: 10.1017/
S0954579414000261 [PubMed: 25047287] 

Callaghan BL, Sullivan RM, Howell B, & Tottenham N (2014). The International Society for 
Developmental Psychobiology Sackler Symposium: Early adversity and the maturation of emotion 
circuits - a cross-species analysis. Developmental Psychobiology, 56, 1635–1650. doi: 10.1002/
dev.21260 [PubMed: 25290865] 

Callaghan BL, & Tottenham N (2016). The Neuro-Environmental Loop of Plasticity: A Cross-Species 
Analysis of Parental Effects on Emotion Circuitry Development Following Typical and Adverse 
Caregiving. Neuropsychopharmacology, 41, 163–176. doi: 10.1038/npp.2015.204 [PubMed: 
26194419] 

Carson DS, Berquist SW, Trujillo TH, Garner JP, Hannah SL, Hyde SA, … Parker KJ (2015). 
Cerebrospinal fluid and plasma oxytocin concentrations are positively correlated and negatively 
predict anxiety in children. Molecular Psychiatry, 20, 1085–1090. doi: 10.1038/mp.2014.132 
[PubMed: 25349162] 

Carter CS, DeVries AC, & Getz LL (1995). Physiological substrates of mammalian monogamy: the 
prairie vole model. Neuroscience and Biobehavioral Reviews, 19, 303–314. [PubMed: 7630584] 

Chareyron LJ, Lavenex PB, Amaral DG, & Lavenex P (2012). Postnatal development of the amygdala: 
A stereological study in macaque monkeys. The Journal of Comparative Neurology, 520, 1965–
1984. doi: 10.1002/cne.23023 [PubMed: 22173686] 

Chen FS, Barth ME, Johnson SL, Gotlib IH, & Johnson SC (2011). Oxytocin Receptor (OXTR) 
Polymorphisms and Attachment in Human Infants. Frontiers in Psychology, 2, 200. doi: 10.3389/
fpsyg.2011.00200 [PubMed: 21904531] 

Chen FS, Kumsta R, von Dawans B, Monakhov M, Ebstein RP, & Heinrichs M (2011). Common 
oxytocin receptor gene (OXTR) polymorphism and social support interact to reduce stress in 
humans. PNAS Proceedings of the National Academy of Sciences of the United States of America, 
108. doi: 10.1073/pnas.1113079108

Clum GA (1969). A correlational analysis of the relationships between personality and perceptual 
variables and discriminant GSR conditioning. Journal of Clinical Psychology, 25, 33–35. doi: 
10.1002/1097-4679(196901)25:1<33::AID-JCLP2270250108>3.0.CO;2-K [PubMed: 5782328] 

Lebowitz et al. Page 12

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Coan JA, Schaefer HS, & Davidson RJ (2006). Lending a hand: social regulation of the neural 
response to threat. Psychological Science, 17, 1032–1039. doi: 10.1111/j.1467-9280.2006.01832.x 
[PubMed: 17201784] 

Colonnesi C, Draijer EM, Jan JMSG, Van der Bruggen CO, Bogels SM, & Noom MJ (2011). The 
relation between insecure attachment and child anxiety: a meta-analytic review. Journal of Clinical 
Child and Adolescent Psychology, 40, 630–645. [PubMed: 21722034] 

Conner OL, Siegle GJ, McFarland AM, Silk JS, Ladouceur CD, Dahl RE, … Ryan ND (2012). Mom-it 
helps when you’re right here! Attenuation of neural stress markers in anxious youths whose 
caregivers are present during fMRI. PloS One, 7, e50680. doi: 10.1371/journal.pone.0050680 
[PubMed: 23236383] 

Costello EJ, Egger HL, Copeland W, Erkanli A, & Angold A (2011). The developmental epidemiology 
of anxiety disorders: Phenomenology, prevalence, and comorbidity. Anxiety disorders in children 
and adolescents: Research, assessment and intervention, 56–75.

Curry JF, March JS, & Hervey AS (2004). Comorbidity of Childhood and Adolescent Anxiety 
Disorders: Prevalence and Implications Phobic and anxiety disorders in children and adolescents: 
A clinician’s guide to effective psychosocial and pharmacological interventions (pp. 116–140). 
New York, NY: Oxford University Press; US.

Cuthbert BN, & Insel TR (2013). Toward the future of psychiatric diagnosis: the seven pillars of 
RDoC. BMC Medicine, 11, 126. doi: 10.1186/1741-7015-11-126 [PubMed: 23672542] 

Davis M (2002). Role of NMDA receptors and MAP kinase in the amygdala in extinction of fear: 
Clinical implications for exposure therapy. European Journal of Neuroscience, 16, 395–398. doi: 
10.1046/j.1460-9568.2002.02138.x [PubMed: 12193180] 

Davis M, & Whalen PJ (2001). The amygdala: vigilance and emotion. Molecular Psychiatry, 6, 13–34. 
[PubMed: 11244481] 

Decety J, Michalska KJ, & Kinzler KD (2012). The contribution of emotion and cognition to moral 
sensitivity: a neurodevelopmental study. Cerebral Cortex (New York, N.Y.: 1991), 22, 209–220. 
doi: 10.1093/cercor/bhr111

Del-Ben CM, Vilela JAA, Hetem LAB, Guimarães FS, Graeff FG, & Zuardi AW (2001). Do panic 
patients process unconditioned fear vs. conditioned anxiety differently than normal subjects? 
Psychiatry Research, 104, 227–237. doi: 10.1016/S0165-1781(01)00312-2 [PubMed: 11728612] 

Ditzen B, Neumann ID, Bodenmann G, von Dawans B, Turner RA, Ehlert U, & Heinrichs M (2007). 
Effects of different kinds of couple interaction on cortisol and heart rate responses to stress in 
women. Psychoneuroendocrinology, 32, 565–574. doi: 10.1016/j.psyneuen.2007.03.011 [PubMed: 
17499441] 

Donaldson ZR, & Young LJ (2008). Oxytocin, vasopressin, and the neurogenetics of sociality. Science, 
322, 900–904. doi: 10.1126/science.1158668 [PubMed: 18988842] 

Dymond S, Roche B, Forsyth JP, Whelan R, & Rhoden J (2007). Transformation of avoidance 
response functions in accordance with same and opposite relational frames. Journal of the 
Experimental Analysis of Behavior, 88, 249–262. doi: 10.1901/jeab.2007.22-07 [PubMed: 
17970418] 

Etkin A, Klemenhagen KC, Dudman JT, Rogan MT, Hen R, Kandel ER, & Hirsch J (2004). Individual 
differences in trait anxiety predict the response of the basolateral amygdala to unconsciously 
processed fearful faces. Neuron, 44, 1043–1055. doi: 10.1016/j.neuron.2004.12.006 [PubMed: 
15603746] 

Fayu C (1961). Fear conditioning with normals, neurotics, & schizophrenics. Acta Psychologica 
Taiwanica, 3, 18–33.

Feldman R (2015). The adaptive human parental brain: implications for children’s social development. 
Trends in Neurosciences, 38, 387–399. doi: 10.1016/j.tins.2015.04.004 [PubMed: 25956962] 

Feldman R, Monakhov M, Pratt M, & Ebstein RP (2015). Oxytocin Pathway Genes: Evolutionary 
Ancient System Impacting on Human Affiliation, Sociality, and Psychopathology. Biological 
Psychiatry. doi: 10.1016/j.biopsych.2015.08.008

Ferguson JN, Aldag JM, Insel TR, & Young LJ (2001). Oxytocin in the medial amygdala is essential 
for social recognition in the mouse. The Journal of Neuroscience, 21, 8278–8285. [PubMed: 
11588199] 

Lebowitz et al. Page 13

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Flessner CA, Freeman JB, Sapyta J, Garcia A, Franklin ME, March JS, & Foa E (2011). Predictors of 
Parental Accommodation in Pediatric Obsessive-Compulsive Disorder: Findings from the Pediatric 
Obsessive-Compulsive Disorder Treatment Study (POTS) Trial. Journal of the American Academy 
of Child and Adolescent Psychiatry, 50, 716–725. [PubMed: 21703499] 

Gabard-Durnam LJ, Flannery J, Goff B, Gee DG, Humphreys KL, Telzer E, … Tottenham N (2014). 
The development of human amygdala functional connectivity at rest from 4 to 23 years: a cross-
sectional study. Neuroimage, 95, 193–207. doi: 10.1016/j.neuroimage.2014.03.038 [PubMed: 
24662579] 

Gabard-Durnam LJ, Gee DG, Goff B, Flannery J, Telzer E, Humphreys KL, … Tottenham N (2016). 
Stimulus-Elicited Connectivity Influences Resting-State Connectivity Years Later in Human 
Development: A Prospective Study. The Journal of Neuroscience: The Official Journal of the 
Society for Neuroscience, 36, 4771–4784. doi: 10.1523/JNEUROSCI.0598-16.2016 [PubMed: 
27122035] 

Gee DG (2016). Sensitive Periods of Emotion Regulation: Influences of Parental Care on 
Frontoamygdala Circuitry and Plasticity. New Directions for Child and Adolescent Development, 
2016, 87–110. doi: 10.1002/cad.20166

Gee DG, & Casey BJ (2015). The Impact of Developmental Timing for Stress and Recovery. 
Neurobiology of Stress, 1, 184–194. doi: 10.1016/j.ynstr.2015.02.001 [PubMed: 25798454] 

Gee DG, Fetcho RN, Jing D, Li A, Glatt CE, Drysdale AT, … Consortium P (2016). Individual 
differences in frontolimbic circuitry and anxiety emerge with adolescent changes in 
endocannabinoid signaling across species. Proceedings of the National Academy of Sciences of 
the United States of America, 113, 4500–4505. doi: 10.1073/pnas.1600013113 [PubMed: 
27001846] 

Gee DG, Gabard-Durnam L, Telzer EH, Humphreys KL, Goff B, Shapiro M, … Tottenham N (2014). 
Maternal buffering of human amygdala-prefrontal circuitry during childhood but not during 
adolescence. Psychological Science, 25, 2067–2078. doi: 10.1177/0956797614550878 [PubMed: 
25280904] 

Gee DG, Gabard-Durnam LJ, Flannery J, Goff B, Humphreys KL, Telzer EH, … Tottenham N (2013). 
Early developmental emergence of human amygdala-prefrontal connectivity after maternal 
deprivation. Proceedings of the National Academy of Sciences of the United States of America, 
110, 15638–15643. doi: 10.1073/pnas.1307893110 [PubMed: 24019460] 

Gee DG, Humphreys KL, Flannery J, Goff B, Telzer EH, Shapiro M, … Tottenham N (2013). A 
developmental shift from positive to negative connectivity in human amygdala-prefrontal circuitry. 
The Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 33, 4584–
4593. doi: 10.1523/JNEUROSCI.3446-12.2013 [PubMed: 23467374] 

Goff B, Gee DG, Telzer EH, Humphreys KL, Gabard-Durnam L, Flannery J, & Tottenham N (2013). 
Reduced nucleus accumbens reactivity and adolescent depression following early-life stress. 
Neuroscience, 249, 129–138. doi: 10.1016/j.neuroscience.2012.12.010 [PubMed: 23262241] 

Green JG, McLaughlin KA, Berglund PA, Gruber MJ, Sampson NA, Zaslavsky AM, & Kessler RC 
(2010). Childhood Adversities and Adult Psychiatric Disorders in the National Comorbidity 
Survey Replication I: Associations With First Onset of DSM-IV Disorders. Archives of General 
Psychiatry, 67, 113–123. doi: 10.1001/archgenpsychiatry.2009.186 [PubMed: 20124111] 

Grillon C, Ameli R, Goddard A, Woods SW, & Davis M (1994). Baseline and fear-potentiated startle 
in panic disorder patients. Biological Psychiatry, 35, 431–439. doi: 10.1016/0006-3223(94)90040-
X [PubMed: 8018793] 

Grillon C, & Morgan Iii CA (1999). Fear-potentiated startle conditioning to explicit and contextual 
cues in Gulf War veterans with posttraumatic stress disorder. Journal of Abnormal Psychology, 
108, 134–142. doi: 10.1037//0021-843X.108.1.134 [PubMed: 10066999] 

Groh AM, Roisman GI, van Ijzendoorn MH, Bakermans-Kranenburg MJ, & Fearon RP (2012). The 
significance of insecure and disorganized attachment for children’s internalizing symptoms: A 
meta-analytic study. Child Development, 83.

Guastella AJ, Lovibond PF, Dadds MR, Mitchell P, & Richardson R (2007). A randomized controlled 
trial of the effect of d-cycloserine on extinction and fear conditioning in humans. Behaviour 
Research and Therapy, 45, 663–672. doi: 10.1016/j.brat.2006.07.005 [PubMed: 16962066] 

Lebowitz et al. Page 14

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Guastella AJ, Richardson R, Lovibond PF, Rapee RM, Gaston JE, Mitchell P, & Dadds MR (2008). A 
Randomized Controlled Trial of D-Cycloserine Enhancement of Exposure Therapy for Social 
Anxiety Disorder. Biological Psychiatry, 63, 544–549. doi: 10.1016/j.biopsych.2007.11.011 
[PubMed: 18179785] 

Gullone E, King NJ, & Ollendick TH (2001). Self-reported anxiety in children and adolescents: a 
three-year follow-up study. The Journal of Genetic Psychology, 162, 5–19. doi: 
10.1080/00221320109597878 [PubMed: 11338440] 

Gunnar MR, & Donzella B (2002). Social regulation of the cortisol levels in early human development. 
Psychoneuroendocrinology, 27, 199–220. [PubMed: 11750779] 

Gunnar MR, & Quevedo KM (2007). Early care experiences and HPA axis regulation in children: a 
mechanism for later trauma vulnerability In S. M E. O. a. E. V De Kloet Ronald (Ed.), Progress in 
Brain Research (Vol. 167, pp. 137–149): Elsevier.

Guyer AE, Lau JY, McClure-Tone EB, Parrish J, Shiffrin ND, Reynolds RC, … Nelson EE (2008). 
Amygdala and ventrolateral prefrontal cortex function during anticipated peer evaluation in 
pediatric social anxiety. Archives of General Psychiatry, 65, 1303–1312. [PubMed: 18981342] 

Hanson JL, Knodt AR, Brigidi BD, & Hariri AR (2015). Lower structural integrity of the uncinate 
fasciculus is associated with a history of child maltreatment and future psychological vulnerability 
to stress. Development and Psychopathology, 27, 1611–1619. doi: 10.1017/S0954579415000978 
[PubMed: 26535947] 

Hariri AR, Mattay VS, Tessitore A, Fera F, & Weinberger DR (2003). Neocortical modulation of the 
amygdala response to fearful stimuli. Biological Psychiatry, 53, 494–501. [PubMed: 12644354] 

Hayes SC (1976). The role of approach contingencies in phobic behavior. Behavior Therapy, 7, 28–36. 
doi: 10.1016/S0005-7894(76)80216-X

Hazan C, & Shaver PR (1994). Attachment as an organizational framework for research on close 
relationships. Psychological Inquiry, 5. doi: 10.1207/s15327965pli0501_1

Heinrichs M, Baumgartner T, Kirschbaum C, & Ehlert U (2003). Social support and oxytocin interact 
to suppress cortisol and subjective responses to psychosocial stress. Biological Psychiatry, 54, 
1389–1398. [PubMed: 14675803] 

Hermann C, Ziegler S, Birbaumer N, & Flor H (2002). Psychophysiological and subjective indicators 
of aversive Pavlovian conditioning in generalized social phobia. Biological Psychiatry, 52, 328–
337. doi: 10.1016/S0006-3223(02)01385-9 [PubMed: 12208640] 

Hofer MA (1994). Early Relationships as Regulators of Infant Physiology and Behavior. Acta 
Paediatrica, 83, 9–18. doi: DOI 10.1111/j.1651-2227.1994.tb13260.x

Hofmann SG, Meuret AE, Smits JAJ, Simon NM, Pollack MH, Eisenmenger K, … Otto MW (2006). 
Augmentation of exposure therapy with D-cycloserine for social anxiety disorder. Archives of 
General Psychiatry, 63, 298–304. doi: 10.1001/archpsyc.63.3.298 [PubMed: 16520435] 

Hostinar CE, Johnson AE, & Gunnar MR (2015). Parent support is less effective in buffering cortisol 
stress reactivity for adolescents compared to children. Dev Sci, 18, 281–297. doi: 10.1111/desc.
12195 [PubMed: 24942038] 

Hostinar CE, Sullivan RM, & Gunnar MR (2014). Psychobiological mechanisms underlying the social 
buffering of the hypothalamic-pituitary-adrenocortical axis: a review of animal models and human 
studies across development. Psychological Bulletin, 140, 256–282. doi: 10.1037/a0032671 
[PubMed: 23607429] 

Howe ES (1958). GSR conditioning in anxiety states, normals, and chronic functional schizophrenic 
subjects. Journal of Abnormal and Social Psychology, 56, 183–189. doi: 10.1037/h0047365

Howell BR, McCormack KM, Grand AP, Sawyer NT, Zhang X, Maestripieri D, … Sanchez MM 
(2013). Brain white matter microstructure alterations in adolescent rhesus monkeys exposed to 
early life stress: associations with high cortisol during infancy. Biology of Mood & Anxiety 
Disorders, 3, 21. doi: 10.1186/2045-5380-3-21 [PubMed: 24289263] 

Insel T, Cuthbert B, Garvey M, Heinssen R, Pine DS, Quinn K, … Wang P (2010). Research domain 
criteria (RDoC): toward a new classification framework for research on mental disorders. 
American Journal of Psychiatry, 167, 748–751. doi: 10.1176/appi.ajp.2010.09091379 [PubMed: 
20595427] 

Lebowitz et al. Page 15

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Insel TR, & Young LJ (2001). The neurobiology of attachment. Nature Reviews: Neuroscience, 2, 
129–136. doi: 10.1038/35053579 [PubMed: 11252992] 

Jovanovic T, Nylocks KM, Gamwell KL, Smith A, Davis TA, Norrholm SD, & Bradley B (2014). 
Development of fear acquisition and extinction in children: Effects of age and anxiety. 
Neurobiology of Learning and Memory, 113. doi: 10.1016/j.nlm.2013.10.016

Kapp BS, Whalen PJ, Supple WF, & Pascoe JP (1992). Amygdaloid contributions to conditioned 
arousal and sensory information processing. The Amygdala: Neurobiological Aspects of Emotion, 
Memory, and Mental Dysfunction, 229–254.

Kertes DA, Donzella B, Talge NM, Garvin MC, Van Ryzin MJ, & Gunnar MR (2009). Inhibited 
temperament and parent emotional availability differentially predict young children’s cortisol 
responses to novel social and nonsocial events. Developmental Psychobiology, 51, 521–532. doi: 
10.1002/dev.20390 [PubMed: 19676107] 

Kessler RC, Chiu WT, Demler O, & Walters EE (2005). Prevalence, Severity, and Comorbidity of 12-
Month DSM-IV Disorders in the National Comorbidity Survey Replication. Archives of General 
Psychiatry, 62, 617–627. doi: 10.1001/archpsyc.62.6.617 [PubMed: 15939839] 

Kim H, Somerville LH, Johnstone T, Alexander AL, & Whalen PJ (2003). Inverse amygdala and 
medial prefrontal cortex responses to surprised faces. Neuroreport, 14, 2317–2322. doi: 
10.1097/01.wnr.0000101520.44335.20 [PubMed: 14663183] 

Kim MJ, Loucks RA, Palmer AL, Brown AC, Solomon KM, Marchante AN, & Whalen PJ (2011). The 
structural and functional connectivity of the amygdala: from normal emotion to pathological 
anxiety. Behavioural Brain Research, 223, 403–410. doi: 10.1016/j.bbr.2011.04.025 [PubMed: 
21536077] 

Klein A, Becker E, & Rinck M (2011). Approach and Avoidance Tendencies in Spider Fearful 
Children: The Approach-Avoidance Task. Journal of Child and Family Studies, 20, 224–231. doi: 
10.1007/s10826-010-9402-7 [PubMed: 21475709] 

Koss KJ, Hostinar CE, Donzella B, & Gunnar MR (2014). Social deprivation and the HPA axis in early 
development. Psychoneuroendocrinology, 50, 1–13. doi: 10.1016/j.psyneuen.2014.07.028 
[PubMed: 25150507] 

Kujawa A, Wu M, Klumpp H, Pine DS, Swain JE, Fitzgerald KD, … Phan KL (2016). Altered 
Development of Amygdala-Anterior Cingulate Cortex Connectivity in Anxious Youth and Young 
Adults. Biological Psychiatry: Cognitive Neuroscience and Neuroimaging, 1, 345–352. doi: 
10.1016/j.bpsc.2016.01.006 [PubMed: 27525316] 

LaBar KS, Gatenby JC, Gore JC, LeDoux JE, & Phelps EA (1998). Human amygdala activation 
during conditioned fear acquisition and extinction: A mixed-trial fMRI study. Neuron, 20, 937–
945. doi: 10.1016/S0896-6273(00)80475-4 [PubMed: 9620698] 

Lau JY, Britton JC, Nelson EE, Angold A, Ernst M, Goldwin M, … Pine DS (2011). Distinct neural 
signatures of threat learning in adolescents and adults. Proceedings of the National Academy of 
Sciences of the United States of America, 108, 4500–4505. doi: 1005494108 [pii] 10.1073/pnas.
1005494108 [PubMed: 21368210] 

Lebel C, Gee M, Camicioli R, Wieler M, Martin W, & Beaulieu C (2012). Diffusion tensor imaging of 
white matter tract evolution over the lifespan. Neuroimage, 60, 340–352. doi: 10.1016/
j.neuroimage.2011.11.094 [PubMed: 22178809] 

Lebowitz ER (2013). Parent-based treatment for childhood and adolescent OCD. Journal of Obsessive-
Compulsive and Related Disorders, 2. doi: 10.1016/j.jocrd.2013.08.004

Lebowitz ER (2013). Parent-based treatment for childhood and adolescent OCD. Journal of Obsessive-
Compulsive and Related Disorders, 2, 425–431. doi: 10.1016/j.jocrd.2013.08.004

Lebowitz ER (2015). Treatment of Extreme Family Accommodation in a Youth with Obsessive-
Compulsive Disorder In Storch EA & Lewin AB (Eds.), Clinical Handbook of Obsessive-
Compulsive and Related Disorders. A Case-Based Approach to Treating Pediatric and Adult 
Populations (pp. 321–335): Springer.

Lebowitz ER (2016). Treatment of extreme family accommodation in a youth with obsessive-
compulsive disorder In Storch EA & Lewin AB (Eds.), Clinical handbook of obsessive-compulsive 
and related disorders: A case-based approach to treating pediatric and adult populations. Cham, 
Switzerland: Springer International Publishing.

Lebowitz et al. Page 16

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lebowitz ER, Leckman JF, Feldman R, Zagoory-Sharon O, McDonald N, & Silverman WK (2016). 
Salivary oxytocin in clinically anxious youth: Associations with separation anxiety and family 
accommodation. Psychoneuroendocrinology, 65. doi: 10.1016/j.psyneuen.2015.12.007

Lebowitz ER, Leckman JF, Feldman R, Zagoory-Sharon O, McDonald N, & Silverman WK (2016). 
Salivary oxytocin in clinically anxious youth: Associations with separation anxiety and family 
accommodation. Psychoneuroendocrinology, 65, 35–43. doi: 10.1016/j.psyneuen.2015.12.007 
[PubMed: 26716876] 

Lebowitz ER, Leckman JF, Silverman WK, & Feldman R (2016). Cross-generational influences on 
childhood anxiety disorders: Pathways and mechanisms. Journal of Neural Transmission, 123. 
doi: 10.1007/s00702-016-1565-y

Lebowitz ER, & Omer H (2013). Treating childhood and adolescent anxiety: A guide for caregivers. 
Hoboken, NJ: John Wiley & Sons Inc.

Lebowitz ER, Omer H, Hermes H, & Scahill L (2014). Parent Training for Childhood Anxiety 
Disorders: The SPACE Program. Cognitive and Behavioral Practice, 21, 456–469. doi: 10.1016/
j.cbpra.2013.10.004

Lebowitz ER, Panza KE, & Bloch MH (2016). Family accommodation in obsessive-compulsive and 
anxiety disorders: a five-year update. Expert Review of Neurotherapeutics, 16, 45–53. doi: 
10.1586/14737175.2016.1126181 [PubMed: 26613396] 

Lebowitz ER, Scharfstein L, & Jones J (2015). Child-Report of Family Accommodation in Pediatric 
Anxiety Disorders: Comparison and Integration with Mother-Report. Child Psychiatry and 
Human Development, 46, 501–511. doi: 10.1007/s10578-014-0491-1 [PubMed: 25209390] 

Lebowitz ER, Scharfstein LA, & Jones J (2014). Comparing family accommodation in pediatric 
obsessive-compulsive disorder, anxiety disorders, and nonanxious children. Depression and 
Anxiety, 31, 1018–1025. doi: 10.1002/da.22251 [PubMed: 24677578] 

Lebowitz ER, Shic F, Campbell D, Basile K, & Silverman WK (2015). Anxiety sensitivity moderates 
behavioral avoidance in anxious youth. Behaviour Research and Therapy, 74, 11–17. doi: 
10.1016/j.brat.2015.08.009 [PubMed: 26348546] 

Lebowitz ER, Shic F, Campbell D, MacLeod J, & Silverman WK (2015). Avoidance moderates the 
association between mothers’ and children’s fears: findings from a novel motion-tracking 
behavioral assessment. Depression and Anxiety, 32, 91–98. doi: 10.1002/da.22333 [PubMed: 
25424469] 

Lebowitz ER, Silverman WK, Martino A, Zagoory-Sharon O, Feldman R, & Leckman JF (2017). 
Oxytocin Response to Youth-Mother Interactions in Clinically Anxious Youth is Associated with 
Separation Anxiety and Dyadic Behavior. Depression and Anxiety.

Lebowitz ER, Woolston J, Bar-Haim Y, Calvocoressi L, Dauser C, Warnick E, … Leckman JF (2013). 
Family accommodation in pediatric anxiety disorders. Depression and Anxiety, 30, 47–54. doi: 
10.1002/da.21998 [PubMed: 22965863] 

Ledgerwood L, Richardson R, & Cranney J (2003). Effects of D-cycloserine on extinction of 
conditioned freezing. Behavioral Neuroscience, 117, 341–349. doi: 
10.1037/0735-7044.117.2.341 [PubMed: 12708530] 

Ledgerwood L, Richardson R, & Cranney J (2005). D-cycloserine facilitates extinction of learned fear: 
Effects on reacquisition and generalized extinction. Biological Psychiatry, 57, 841–847. doi: 
10.1016/j.biopsych.2005.01.023 [PubMed: 15820704] 

LeDoux J (2003). The emotional brain, fear, and the amygdala. Cellular and Molecular Neurobiology, 
23, 727–738. [PubMed: 14514027] 

LeDoux J (2007). The amygdala. Current biology: CB, 17, R868–874. doi: 10.1016/j.cub.2007.08.005 
[PubMed: 17956742] 

LeDoux JE (2000). Emotion circuits in the brain. Annual Review of Neuroscience, 23, 155–184.

LeDoux JE, Moscarello J, Sears R, & Campese V (2017). The birth, death and resurrection of 
avoidance: a reconceptualization of a troubled paradigm. Molecular Psychiatry, 22, 24–36. doi: 
10.1038/mp.2016.166 [PubMed: 27752080] 

Lejuez CW, O’Donnell J, Wirth O, Zvolensky MJ, & Eifert GH (1998). Avoidance of 20% carbon 
dioxide-enriched air with humans. Journal of the Experimental Analysis of Behavior, 70, 79–86. 
[PubMed: 9684345] 

Lebowitz et al. Page 17

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Lenroot RK, & Giedd JN (2006). Brain development in children and adolescents: insights from 
anatomical magnetic resonance imaging. Neuroscience and Biobehavioral Reviews, 30, 718–729. 
doi: 10.1016/j.neubiorev.2006.06.001 [PubMed: 16887188] 

Levine S, Johnson DF, & Gonzalez CA (1985). Behavioral and hormonal responses to separation in 
infant rhesus monkeys and mothers. Behavioral Neuroscience, 99, 399–410. [PubMed: 3843717] 

Light KC, Smith TE, Johns JM, Brownley KA, Hofheimer JA, & Amico JA (2000). Oxytocin 
responsivity in mothers of infants: a preliminary study of relationships with blood pressure 
during laboratory stress and normal ambulatory activity. Health Psychology, 19, 560–567. 
[PubMed: 11129359] 

Lissek S, Powers AS, McClure EB, Phelps EA, Woldehawariat G, Grillon C, Pine DS (2005). Classical 
fear conditioning in the anxiety disorders: a meta-analysis. Bhvr Res Ther, 43.

Lukas M, Toth I, Reber SO, Slattery DA, Veenema AH, & Neumann ID (2011). The neuropeptide 
oxytocin facilitates pro-social behavior and prevents social avoidance in rats and mice. 
Neuropsychopharmacology, 36, 2159–2168. doi: 10.1038/npp.2011.95 [PubMed: 21677650] 

MacDonald K, & Feifel D (2014). Oxytocin’s role in anxiety: a critical appraisal. Brain Research, 
1580, 22–56. doi: 10.1016/j.brainres.2014.01.025 [PubMed: 24468203] 

Machado CJ, & Bachevalier J (2003). Non-human primate models of childhood psychopathology: the 
promise and the limitations. Journal of Child Psychology and Psychiatry, and Allied Disciplines, 
44, 64–87.

Madigan S, Atkinson L, Laurin K, & Benoit D (2013). Attachment and internalizing behavior in early 
childhood: A meta-analysis. Developmental Psychology, 49. doi: 10.1037/a0028793

Mak P, Broussard C, Vacy K, & Broadbear JH (2012). Modulation of anxiety behavior in the elevated 
plus maze using peptidic oxytocin and vasopressin receptor ligands in the rat. J 
Psychopharmacol, 26, 532–542. doi: 10.1177/0269881111416687 [PubMed: 21890582] 

McClure EB, Adler A, Monk CS, Cameron J, Smith S, Nelson EE, … Pine DS (2007). fMRI 
predictors of treatment outcome in pediatric anxiety disorders. Psychopharmacology, 191. doi: 
10.1007/s00213-006-0542-9

McClure EB, Monk CS, Nelson EE, Parrish JM, Adler A, Blair RJ, … Pine DS (2007). Abnormal 
attention modulation of fear circuit function in pediatric generalized anxiety disorder. Archives of 
General Psychiatry, 64, 97–106. [PubMed: 17199059] 

Medina JF, Christopher Repa J, Mauk MD, & LeDoux JE (2002). Parallels between cerebellum- and 
amygdala-dependent conditioning. Nature Reviews Neuroscience, 3, 122–131. doi: 10.1038/
nrn728 [PubMed: 11836520] 

Mehta MA, Golembo NI, Nosarti C, Colvert E, Mota A, Williams SCR, … Sonuga-Barke EJS (2009). 
Amygdala, hippocampal and corpus callosum size following severe early institutional 
deprivation: the English and Romanian Adoptees study pilot. Journal of Child Psychology and 
Psychiatry, and Allied Disciplines, 50, 943–951. doi: 10.1111/j.1469-7610.2009.02084.x

Milad MR, Pitman RK, Ellis CB, Gold AL, Shin LM, Lasko NB, … Rauch SL (2009). 
Neurobiological basis of failure to recall extinction memory in posttraumatic stress disorder. 
Biological Psychiatry, 66, 1075–1082. doi: 10.1016/j.biopsych.2009.06.026 [PubMed: 
19748076] 

Milad MR, Wright CI, Orr SP, Pitman RK, Quirk GJ, & Rauch SL (2007). Recall of fear extinction in 
humans activates the ventromedial prefrontal cortex and hippocampus in concert. Biological 
Psychiatry, 62, 446–454. doi: 10.1016/j.biopsych.2006.10.011 [PubMed: 17217927] 

Missig G, Ayers LW, Schulkin J, & Rosen JB (2010). Oxytocin reduces background anxiety in a fear-
potentiated startle paradigm. Neuropsychopharmacology, 35. doi: 10.1038/npp.2010.155

Monk CS, Nelson EE, McClure EB, Mogg K, Bradley BP, Leibenluft E, … Pine DS (2006). 
Ventrolateral prefrontal cortex activation and attentional bias in response to angry faces in 
adolescents with generalized anxiety disorder. American Journal of Psychiatry, 163, 1091–1097. 
doi: 10.1176/ajp.2006.163.6.1091 [PubMed: 16741211] 

Monk CS, Telzer EH, Mogg K, Bradley BP, Mai X, Louro HM, … Pine DS (2008). Amygdala and 
ventrolateral prefrontal cortex activation to masked angry faces in children and adolescents with 
generalized anxiety disorder. Archives of General Psychiatry, 65, 568–576. doi: 10.1001/
archpsyc.65.5.568 [PubMed: 18458208] 

Lebowitz et al. Page 18

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Morgan CA Iii, Grillon C, Southwick SM, Davis M, & Charney DS (1995). Fear-potentiated startle in 
posttraumatic stress disorder. Biological Psychiatry, 38, 378–385. doi: 
10.1016/0006-3223(94)00321-S [PubMed: 8547457] 

Moriceau S, Raineki C, Holman JD, Holman JG, & Sullivan RM (2009). Enduring Neurobehavioral 
Effects of Early Life Trauma Mediated Through Learning and Corticosterone Suppression. 
Frontiers in Behavioral Neuroscience, 3. doi: 10.3389/neuro.08.022.2009

Moriceau S, & Sullivan RM (2006). Maternal presence serves as a switch between learning fear and 
attraction in infancy. Nature Neuroscience, 9, 1004–1006. doi: 10.1038/nn1733 [PubMed: 
16829957] 

Muris P, Mayer B, & Meesters C (2000). Self-reported attachment style, anxiety, and depression in 
children. Social Behavior and Personality, 28. doi: 10.2224/sbp.2000.28.2.157

Myers AJ, Williams L, Gatt JM, McAuley-Clark EZ, Dobson-Stone C, Schofield PR, & Nemeroff CB 
(2014). Variation in the oxytocin receptor gene is associated with increased risk for anxiety, stress 
and depression in individuals with a history of exposure to early life stress. Journal of Psychiatric 
Research, 59. doi: 10.1016/j.jpsychires.2014.08.021

Nauta MH, Scholing A, Emmelkamp PMG, & Minderaa R (2001). Cognitive-behavioural therapy for 
anxiety disordered children in a clinical setting: does additional cognitive parent training enhance 
treatment effectiveness? Clinical Psychology and Psychotherapy, 8, 330–340.

Nauta MH, Scholing A, Emmelkamp PMG, & Minderaa RB (2003). Cognitive-behavioral therapy for 
children with anxiety disorders in a clinical setting: No additional effect of a cognitive parent 
training. Journal of the American Academy of Child and Adolescent Psychiatry, 42, 1270–1278. 
doi: 10.1097/01.chi.0000085752.71002.93 [PubMed: 14566163] 

Norman KR, Silverman WK, & Lebowitz ER (2015). Family Accommodation of Child and 
Adolescent Anxiety: Mechanisms, Assessment, and Treatment. Journal of Child and Adolescent 
Psychiatric Nursing, 28, 131–140. doi: 10.1111/jcap.12116 [PubMed: 26238937] 

Notzon S, Domschke K, Holitschke K, Ziegler C, Arolt V, Pauli P, … Zwanzger P (2016). Attachment 
style and oxytocin receptor gene variation interact in influencing social anxiety. The World 
Journal of Biological Psychiatry, 17. doi: 10.3109/15622975.2015.1091502

Nowakowska E, Kus K, Bobkiewicz-Kozlowska T, & Hertmanowska H (2002). Role of neuropeptides 
in antidepressant and memory improving effects of venlafaxine. Polish Journal of Pharmacology, 
54, 605–613. [PubMed: 12866715] 

Ono M, Kikusui T, Sasaki N, Ichikawa M, Mori Y, & Murakami-Murofushi K (2008). Early weaning 
induces anxiety and precocious myelination in the anterior part of the basolateral amygdala of 
male Balb/c mice. Neuroscience, 156, 1103–1110. doi: 10.1016/j.neuroscience.2008.07.078 
[PubMed: 18790016] 

Onodera M, Ishitobi Y, Tanaka Y, Aizawa S, Masuda K, Inoue A, … Akiyoshi J (2015). Genetic 
association of the oxytocin receptor genes with panic, major depressive disorder, and social 
anxiety disorder. Psychiatric Genetics, 25. doi: 10.1097/ypg.0000000000000096

Orr SP, Metzger LJ, Lasko NB, Macklin ML, Peri T, & Pitman RK (2000). De novo conditioning in 
trauma-exposed individuals with and without posttraumatic stress disorder. Journal of Abnormal 
Psychology, 109, 290–298. doi: 10.1037//0021-843X.109.2.290 [PubMed: 10895567] 

Otto MW, Tolin DF, Simon NM, Pearlson GD, Basden S, Meunier SA, … Pollack MH (2010). 
Efficacy of d-cycloserine for enhancing response to cognitive-behavior therapy for panic 
disorder. Biological Psychiatry, 67, 365–370. doi: 10.1016/j.biopsych.2009.07.036 [PubMed: 
19811776] 

Payne C, Machado CJ, Bliwise NG, & Bachevalier J (2010). Maturation of the Hippocampal 
Formation and Amygdala in Macaca mulatta: A Volumetric Magnetic Resonance Imaging Study. 
Hippocampus, 20, 922–935. doi: 10.1002/hipo.20688 [PubMed: 19739247] 

Pedersen CA, & Prange AJ Jr. (1979). Induction of maternal behavior in virgin rats after 
intracerebroventricular administration of oxytocin. Proceedings of the National Academy of 
Sciences of the United States of America, 76, 6661–6665. [PubMed: 293752] 

Peri T, Ben-Shakhar G, Orr SP, & Shalev AY (1999). Psychophysiologic assessment of aversive 
conditioning in posttraumatic stress disorder. Biological Psychiatry, 47, 512–519. doi: 10.1016/
S0006-3223(99)00144-4

Lebowitz et al. Page 19

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Perlman SB, & Pelphrey KA (2011). Developing connections for affective regulation: age-related 
changes in emotional brain connectivity. Journal of Experimental Child Psychology, 108, 607–
620. doi: 10.1016/j.jecp.2010.08.006 [PubMed: 20971474] 

Phan KL, Orlichenko A, Boyd E, Angstadt M, Coccaro EF, Liberzon I, & Arfanakis K (2009). 
Preliminary evidence of white matter abnormality in the uncinate fasciculus in generalized social 
anxiety disorder. Biological Psychiatry, 66, 691–694. doi: 10.1016/j.biopsych.2009.02.028 
[PubMed: 19362707] 

Phelps EA (2006). Emotion and cognition: insights from studies of the human amygdala. Annual 
Review of Psychology, 57, 27–53.

Phelps EA, Delgado MR, Nearing KI, & LeDoux JE (2004). Extinction learning in humans: role of the 
amygdala and vmPFC. Neuron, 43, 897–905. doi: 10.1016/j.neuron.2004.08.042 [PubMed: 
15363399] 

Phelps EA, & LeDoux JE (2005). Contributions of the amygdala to emotion processing: from animal 
models to human behavior. Neuron, 48, 175–187. doi: S0896–6273(05)00823–8 [pii] 10.1016/
j.neuron.2005.09.025 [PubMed: 16242399] 

Pine DS, Helfinstein SM, Bar-Haim Y, Nelson E, & Fox NA (2009). Challenges in developing novel 
treatments for childhood disorders: lessons from research on anxiety. Neuropsychopharmacology, 
34, 213–228. doi: npp2008113 [pii] 10.1038/npp.2008.113 [PubMed: 18754004] 

Pliszka SR, Hatch JP, Borcherding SH, & Rogeness GA (1993). Classical conditioning in children with 
attention deficit hyperactivity disorder (ADHD) and anxiety disorders: A test of Quay’s model. 
Journal of Abnormal Child Psychology, 21, 411–423. doi: 10.1007/BF01261601 [PubMed: 
8408987] 

Plotsky PM, Thrivikraman KV, Nemeroff CB, Caldji C, Sharma S, & Meaney MJ (2005). Long-term 
consequences of neonatal rearing on central corticotropin-releasing factor systems in adult male 
rat offspring. Neuropsychopharmacology: Official Publication of the American College of 
Neuropsychopharmacology, 30, 2192–2204. doi: 10.1038/sj.npp.1300769 [PubMed: 15920504] 

Quirk GJ, & Mueller D (2008). Neural mechanisms of extinction learning and retrieval. 
Neuropsychopharmacology, 33, 56–72. [PubMed: 17882236] 

Rauch SL, Shin LM, & Phelps EA (2006). Neurocircuitry models of posttraumatic stress disorder and 
extinction: human neuroimaging research--past, present, and future. Biological Psychiatry, 60, 
376–382. doi: 10.1016/j.biopsych.2006.06.004 [PubMed: 16919525] 

Rauch SL, Shin LM, & Wright CI (2003). Neuroimaging studies of amygdala function in anxiety 
disorders. Annals of the New York Academy of Sciences, 985, 389–410. [PubMed: 12724173] 

Ressler KJ, Rothbaum BO, Tannenbaum L, Anderson P, Graap K, Zimand E, … Davis M (2004). 
Cognitive enhancers as adjuncts to psychotherapy: use of D-cycloserine in phobic individuals to 
facilitate extinction of fear. Archives of General Psychiatry, 61, 1136–1144. [PubMed: 
15520361] 

Rilling JK, Winslow JT, O’Brien D, Gutman DA, Hoffman JM, & Kilts CD (2001). Neural correlates 
of maternal separation in rhesus monkeys. Biological Psychiatry, 49, 146–157. [PubMed: 
11164761] 

Ring RH, Schechter LE, Leonard SK, Dwyer JM, Platt BJ, Graf R, … Rosenzweig-Lipson S (2010). 
Receptor and behavioral pharmacology of WAY-267464, a non-peptide oxytocin receptor agonist. 
Neuropharmacology, 58, 69–77. doi: 10.1016/j.neuropharm.2009.07.016 [PubMed: 19615387] 

Romeo RD, Mueller A, Sisti HM, Ogawa S, McEwen BS, & Brake WG (2003). Anxiety and fear 
behaviors in adult male and female C57BL/6 mice are modulated by maternal separation. 
Hormones and Behavior, 43, 561–567. doi: 10.1016/S0018-506X(03)00063-1 [PubMed: 
12799173] 

Royer S, & Paré D (2002). Bidirectional synaptic plasticity in intercalated amygdala neurons and the 
extinction of conditioned fear responses. Neuroscience, 115, 455–462. doi: 10.1016/
S0306-4522(02)00455-4 [PubMed: 12421611] 

Sabatini MJ, Ebert P, Lewis DA, Levitt P, Cameron JL, & Mirnics K (2007). Amygdala gene 
expression correlates of social behavior in monkeys experiencing maternal separation. The 
Journal of Neuroscience: The Official Journal of the Society for Neuroscience, 27, 3295–3304. 
doi: 10.1523/JNEUROSCI.4765-06.2007 [PubMed: 17376990] 

Lebowitz et al. Page 20

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Sala M, Braida D, Lentini D, Busnelli M, Bulgheroni E, Capurro V, … Chini B (2011). Pharmacologic 
rescue of impaired cognitive flexibility, social deficits, increased aggression, and seizure 
susceptibility in oxytocin receptor null mice: a neurobehavioral model of autism. Biological 
Psychiatry, 69, 875–882. doi: 10.1016/j.biopsych.2010.12.022 [PubMed: 21306704] 

Sanchez MM (2006). The impact of early adverse care on HPA axis development: nonhuman primate 
models. Hormones and Behavior, 50, 623–631. doi: 10.1016/j.yhbeh.2006.06.012 [PubMed: 
16914153] 

Sanislow CA, Pine DS, Quinn KJ, Kozak MJ, Garvey MA, Heinssen RK, … Cuthbert BN (2010). 
Developing constructs for psychopathology research: Research domain criteria. Journal of 
Abnormal Psychology, 119. doi: 10.1037/a0020909

Scantamburlo G, Hansenne M, Fuchs S, Pitchot W, Marechal P, Pequeux C, … Legros JJ (2007). 
Plasma oxytocin levels and anxiety in patients with major depression. 
Psychoneuroendocrinology, 32, 407–410. doi: 10.1016/j.psyneuen.2007.01.009 [PubMed: 
17383107] 

Schayek R, & Maroun M (2015). Differences in stress-induced changes in extinction and prefrontal 
plasticity in postweanling and adult animals. Biological Psychiatry, 78, 159–166. doi: 10.1016/
j.biopsych.2014.10.004 [PubMed: 25434484] 

Schneider F, Weiss U, Kessler C, Müller-Gärtner HW, Posse S, Salloum JB, … Birbaumer N (1999). 
Subcortical correlates of differential classical conditioning of aversive emotional reactions in 
social phobia. Biological Psychiatry, 45, 863–871. doi: 10.1016/S0006-3223(98)00269-8 
[PubMed: 10202574] 

Seltzer LJ, Prososki AR, Ziegler TE, & Pollak SD (2012). Instant messages vs. speech: hormones and 
why we still need to hear each other. Evolution and human behavior : official journal of the 
Human Behavior and Evolution Society, 33, 42–45. [PubMed: 22337755] 

Shin LM, Wright CI, Cannistraro PA, Wedig MM, McMullin K, Martis B, … Rauch SL (2005). A 
functional magnetic resonance imaging study of amygdala and medial prefrontal cortex 
responses to overtly presented fearful faces in posttraumatic stress disorder. Archives of General 
Psychiatry, 62, 273–281. doi: 10.1001/archpsyc.62.3.273 [PubMed: 15753240] 

Silverman WK, & Ollendick TH (2005). Evidence-based assessment of anxiety and its disorders in 
children and adolescents. Journal of Clinical Child and Adolescent Psychology, 34, 380–411. doi: 
10.1207/s15374424jccp3403_2 [PubMed: 16026211] 

Silverman WK, Pina AA, & Viswesvaran C (2008). Evidence-based psychosocial treatments for 
phobic and anxiety disorders in children and adolescents. Journal of Clinical Child and 
Adolescent Psychology, 37, 105–130. doi: 10.1080/15374410701817907 [PubMed: 18444055] 

Silvers JA, Shu J, Hubbard AD, Weber J, & Ochsner KN (2015). Concurrent and lasting effects of 
emotion regulation on amygdala response in adolescence and young adulthood. Developmental 
Science, 18, 771–784. doi: 10.1111/desc.12260 [PubMed: 25439326] 

Slattery DA, & Neumann ID (2010). Chronic icv oxytocin attenuates the pathological high anxiety 
state of selectively bred Wistar rats. Neuropharmacology, 58, 56–61. doi: 10.1016/j.neuropharm.
2009.06.038 [PubMed: 19589349] 

Somerville LH, Kim H, Johnstone T, Alexander AL, & Whalen PJ (2004). Human amygdala responses 
during presentation of happy and neutral faces: correlations with state anxiety. Biological 
Psychiatry, 55, 897–903. doi: 10.1016/j.biopsych.2004.01.007 [PubMed: 15110733] 

Sotres-Bayon F, & Quirk GJ (2010). Prefrontal control of fear: more than just extinction. Current 
Opinion in Neurobiology, 20, 231–235. doi: 10.1016/j.conb.2010.02.005 [PubMed: 20303254] 

Spielberg JM, Jarcho JM, Dahl RE, Pine DS, Ernst M, & Nelson EE (2015). Anticipation of peer 
evaluation in anxious adolescents: divergence in neural activation and maturation. Social 
Cognitive and Affective Neuroscience, 10, 1084–1091. doi: 10.1093/scan/nsu165 [PubMed: 
25552568] 

Stein MB, Simmons AN, Feinstein JS, & Paulus MP (2007). Increased amygdala and insula activation 
during emotion processing in anxiety-prone subjects. The American Journal of Psychiatry, 164, 
318–327. doi: 10.1176/ajp.2007.164.2.318 [PubMed: 17267796] 

Storch EA, Murphy TK, Goodman WK, Geffken GR, Lewin AB, Henin A, … Geller DA (2010). A 
preliminary study of D-cycloserine augmentation of cognitive-behavioral therapy in pediatric 

Lebowitz et al. Page 21

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



obsessive-compulsive disorder. Biological Psychiatry, 68, 1073–1076. doi: S0006–
3223(10)00760–2 [pii] 10.1016/j.biopsych.2010.07.015 [PubMed: 20817153] 

Storch EA, Salloum A, Johnco C, Dane BF, Crawford EA, King MA, … Lewin AB (2015). 
Phenomenology and clinical correlates of family accommodation in pediatric anxiety disorders. 
Journal of Anxiety Disorders, 35, 75–81. doi: 10.1016/j.janxdis.2015.09.001 [PubMed: 
26398305] 

Stuebe AM, Grewen K, & Meltzer-Brody S (2013). Association Between Maternal Mood and 
Oxytocin Response to Breastfeeding. Journal of Womens Health, 22, 352–361. doi: DOI 
10.1089/jwh.2012.3768

Swartz JR, Carrasco M, Wiggins JL, Thomason ME, & Monk CS (2014). Age-related changes in the 
structure and function of prefrontal cortex-amygdala circuitry in children and adolescents: a 
multi-modal imaging approach. Neuroimage, 86, 212–220. doi: 10.1016/j.neuroimage.
2013.08.018 [PubMed: 23959199] 

Takayanagi Y, Yoshida M, Bielsky IF, Ross HE, Kawamata M, Onaka T, … Nishimori K (2005). 
Pervasive social deficits, but normal parturition, in oxytocin receptor-deficient mice. Proceedings 
of the National Academy of Sciences of the United States of America, 102, 16096–16101. 
[PubMed: 16249339] 

Thomas KM, Drevets WC, Dahl RE, Ryan ND, Birmaher B, Eccard CH, … Casey BJ (2001). 
Amygdala response to fearful faces in anxious and depressed children. Archives of General 
Psychiatry, 58. doi: 10.1001/archpsyc.58.11.1057

Thomas KM, Drevets WC, Whalen PJ, Eccard CH, Dahl RE, Ryan ND, & Casey BJ (2001). 
Amygdala response to facial expressions in children and adults. Biological Psychiatry, 49, 309–
316. [PubMed: 11239901] 

Thompson RJ, Parker KJ, Hallmayer JF, Waugh CE, & Gotlib IH (2011). Oxytocin receptor gene 
polymorphism (rs2254298) interacts with familial risk for psychopathology to predict symptoms 
of depression and anxiety in adolescent girls. Psychoneuroendocrinology, 36, 144–147. doi: 
10.1016/j.psyneuen.2010.07.003 [PubMed: 20708845] 

Thompson-Hollands J, Kerns CE, Pincus DB, & Comer JS (2014). Parental accommodation of child 
anxiety and related symptoms: Range, impact, and correlates. Journal of Anxiety Disorders, 28, 
765–773. doi: 10.1016/j.janxdis.2014.09.007 25261837 [PubMed: 25261837] 

Tost H, Kolachana B, Hakimi S, Lemaitre H, Verchinski BA, Mattay VS, … Meyer-Lindenberg A 
(2010). A common allele in the oxytocin receptor gene (OXTR) impacts prosocial temperament 
and human hypothalamic-limbic structure and function. PNAS Proceedings of the National 
Academy of Sciences of the United States of America, 107. doi: 10.1073/pnas.1003296107

Tottenham N, Hare TA, Millner A, Gilhooly T, Zevin J, & Casey BJ (2011). Elevated Amygdala 
Response to Faces Following Early Deprivation. Developmental Science, 14, 190–204. doi: 
10.1111/j.1467-7687.2010.00971.x [PubMed: 21399712] 

Tottenham N, Hare TA, Quinn BT, McCarry TW, Nurse M, Gilhooly T, … Casey B (2010). Prolonged 
institutional rearing is associated with atypically larger amygdala volume and difficulties in 
emotion regulation. Developmental Science, 13, 46. doi: 10.1111/j.1467-7687.2009.00852.x 
[PubMed: 20121862] 

Tsao SD, & McKay D (2004). Behavioral avoidance tests and disgust in contamination fears: 
Distinctions from trait anxiety. Behaviour Research and Therapy, 42, 207–216. doi: 10.1016/
S0005-7967(03)00119-01 4975781 [PubMed: 14975781] 

van Ijzendoorn MH, Schuengel C, & Bakermans-Kranenburg MJ (1999). Disorganized attachment in 
early childhood: Meta-analysis of precursors, concomitants, and sequelae. Development and 
Psychopathology, 11. doi: 10.1017/s0954579499002035

Vink M, Derks JM, Hoogendam JM, Hillegers M, & Kahn RS (2014). Functional differences in 
emotion processing during adolescence and early adulthood. Neuroimage, 91, 70–76. doi: 
10.1016/j.neuroimage.2014.01.035 [PubMed: 24468408] 

Walker DL, Ressler KJ, Lu KT, & Davis M (2002). Facilitation of conditioned fear extinction by 
systemic administration or intra-amygdala infusions of D-cycloserine as assessed with fear-
potentiated startle in rats. Journal of Neuroscience, 22, 2343–2351. [PubMed: 11896173] 

Lebowitz et al. Page 22

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Wang J, Qin W, Liu B, Zhou Y, Wang D, Zhang Y, … Yu C (2014). Neural mechanisms of oxytocin 
receptor gene mediating anxiety-related temperament. Brain Structure & Function, 219. doi: 
10.1007/s00429-013-0584-9

Wu M, Kujawa A, Lu LH, Fitzgerald DA, Klumpp H, Fitzgerald KD, … Phan KL (2016). Age-related 
changes in amygdala–frontal connectivity during emotional face processing from childhood into 
young adulthood. Human Brain Mapping, 37, 1684–1695. doi: 10.1002/hbm.23129 [PubMed: 
26931629] 

Zeanah CH, Egger HL, Smyke AT, Nelson CA, Fox NA, Marshall PJ, & Guthrie D (2009). 
Institutional rearing and psychiatric disorders in Romanian preschool children. The American 
Journal of Psychiatry, 166, 777–785. doi: 10.1176/appi.ajp.2009.08091438 [PubMed: 19487394] 

Lebowitz et al. Page 23

Clin Psychol Rev. Author manuscript; available in PMC 2019 July 31.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Social Processes
	Broad Conceptualizations
	Affiliation and Attachment
	Behavior and Self-Report.
	Brain Circuitry.
	Genes.
	Molecules.


	Negative Valence Systems
	Broad Conceptualizations
	Fear
	Behavior and self-report.
	Physiology.
	Brain Circuitry.


	Implications and Future Directions for Research and Clinical Practice
	Conclusion
	References

