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Psychobiology of the intersection and divergence of depression and anxiety

Mounting evidence highlights substantial genetic, neurobiological,

and symptomatic overlap between depression and anxiety disor-

ders, suggesting that current classification systems do not “carve

nature at its joints.” Stemming from this is a notable lack of pre-

cision in treatment selection, and frontline treatments for depres-

sion and anxiety disorders fail to relieve symptoms in many patients.

For example, up to 50% of individuals with major depression failed

to respond to antidepressant treatments, and only one in three

patients achieved remission (full recovery) within the nationally

representative Sequenced Treatment Alternatives to Relieve Depres-

sion (STAR*D) study (Trivedi et al., 2006). Response rates for psy-

chotherapy (e.g., cognitive or behavioral therapies) show similar

patterns, with about 50% of individuals with major depression

(Cuijpers et al., 2014) or anxiety (Loerinc et al., 2015) displaying a

beneficial response. As outlined in a series of recent reviews (e.g.,

Hyman, 2010; Insel et al., 2010; Pizzagalli, 2014), there are sev-

eral reasons for the modest success in treating these prevalent and

debilitating disorders. These include a high degree of comorbid-

ity (reaching to up 75% in clinical samples [e.g., Sørensen, Nissen,

Mors, & Thomsen, 2005]), the considerable heterogeneity of diag-

nostic syndromes as conceptualized by current classification sys-

tems (e.g., Diagnostic Statistical Manual, International Classification

of Diseases), and an incomplete understanding of the pathophysi-

ology and etiology of depression and anxiety disorders. Together,

these constitute a formidable barrier to treatment development and

implementation.

To address these challenges and also highlight exciting new devel-

opments, the Scientific Research Symposium held during the 2015

Annual Meeting of the Anxiety and Depression Association of Amer-

ica (ADAA) was centered on the psychobiology of the intersection

and divergence of depression and anxiety. The goal of this sympo-

sium was to feature and integrate recent advances in our under-

standing of the pathophysiology, manifestation, course, and treat-

ment of depression and anxiety disorders. In particular, through a

“bench to bedside approach” that emphasized cross-species con-

vergence, integration of different levels of analysis (e.g., molecules,

brain circuitry, behavior, self-report), consideration of developmen-

tal trajectories, and a focus on well-characterized phenotypes that

cut across diagnostic boundaries (e.g., reward and threat sensitivity,

fear extinction), this symposium aimed to highlight major advances

that are illuminating shared and unique features of depression and

anxiety and identifying novel targets for treatments. All symposium

speakers submitted review or empirical papers for the current spe-

cial issue. In this editorial, I provide a brief synopsis of each con-

tribution, highlight areas of intersection and synergies, and under-

score unanswered questions that should be addressed in future

research.

1 KAPPA OPIOID ANTAGONISTS AND

STRESS-INDUCED NEUROADAPTATION

Incomplete understanding of the pathophysiology of depression

and anxiety disorders has represented a major challenge along the

path toward discovering new therapeutics, and serendipity has often

played a key role in drug development. Half a century ago, a number

of compounds developed for certain medical conditions, such as the

antitubercular agent isoniazid, were found to have antidepressant

effects. Further studies on the pharmacological effects of these

drugs gave rise to monoaminergic theories of depression, which have

dominated theories and treatments for depression for decades. As

summarized by Carlezon and Krystal, growing interest in kappa opioid

receptors (KOR) antagonists for depression and anxiety disorders

arose after elucidating their effects on molecular pathways critically

implicated in stress-induced neuroadaptation (rather than after estab-

lishing their clinical efficacy in humans). Specifically, elegant preclinical

studies have produced convincing evidence that stress induces an

increase in CREB (cAMP response element binding protein), which

in turn elevates the expression of the opioid peptide dynorphin in

the nucleus accumbens. As KOR are expressed on ventral tegmental

area neurons, KOR activation by dynorphin inhibits dopamine release,

inducing depression- and anxiety-like symptoms. Blockage of KOR

has been found to block dynorphin action, restore dopamine function,

and produce antidepressant and anxiolytic effects. Although more

research is needed, evidence from preclinical models suggests that

the efficacy of KOR antagonists on both anxiety and depressive

behaviors may be explained by their ability to reduce or even block

the effects of stress. If the stress-mitigating effects found in preclinical

models extend to humans, this would afford an enticing opportunity to

deploy preventive treatments in individuals at risk for stress-related

disorders (e.g., PTSD in soldiers or first responders). Moreover, KOR

antagonists’ ability to restore mesolimbic function (thereby counter-

acting anhedonia-like behaviors) and mitigate the effects of stress,

makes it an especially promising candidate for the treatment of stress-

mediated syndromes. In line with this notion, an ongoing multisite

study funded by the National Institute of Mental Health (Fast-Fail

Trials in Mood and Anxiety Spectrum Disorders, FAST-MAS) is using

a Proof of Concept approach to test the hypothesis that a KOR antag-

onist will reduce anhedonia and normalize reward-related mesolimbic

abnormalities across themood and anxiety spectrum disorders.

2 BRAIN-DERIVED NEUROTROPHIC

FACTOR AND FEAR LEARNING

Even more well-established than the role of abnormal reward pro-

cessing in anhedonia, is the critical role that abnormal fear learning
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plays in theoretical accounts of anxiety (e.g., Milad & Quirk, 2012).

For decades we have known that brain-derived neurotrophic factor

(BDNF) is pivotally implicated in the regulation of neural differentia-

tion and synaptic plasticity, andultimately, learning andmemory. Build-

ing on recent findings from their laboratory, which focus on a human

genetic BDNF SNP (Val66Met) knock-in mouse model, Dincheva, Lee

and colleagues summarize an innovative body of work showing that

BDNF shapes fear learning and fear circuitry in a developmentally fine-

tuned fashion during the transition from childhood to adolescence.

In particular, these and other studies reveal that in both humans and

rodents, fear extinction learning and retention are attenuated during

adolescence relative to childhood and adulthood. In rodents, poorer

fear extinction during adolescence has been linked to reduced plas-

ticity within the infralimbic cortex, which is critical for the suppres-

sion of conditioned fear responses. This temporal specificity is par-

ticularly interesting when considering epidemiological data indicating

that human anxiety and related disorders peak during childhood and

adolescence (Kessler et al., 2005). Collectively, these findings indicate

that adolescence—a developmental period characterized by a surge

in rates of anxiety and depression—is associated with reduced synap-

tic plasticity in the prefrontal cortex and diminished regulation of fear

extinction.

The potential implications of this work are manifold. First, iden-

tification of sensitive periods may open a window of opportunity

to normalize fear-related behaviors, which might boost treatment

efficacy. Second, these data highlight limitations of current ther-

apeutic interventions, since treatments are often developed and

evaluated in adult subjects and then adapted to younger samples.

A disregard for development trajectories of fear learning and cir-

cuitry might greatly diminish clinical outcomes among youth strug-

gling with anxiety and related disorders. Third, in light of the fact

that BDNF can be profoundly blunted by environmental and phys-

iological stressors, future studies should investigate across species

how early adversity that occurs during particular sensitive periods

might drive abnormal BDNF-mediated plasticity in regions that play

a pivotal role in anxiety and fear responses, such as the amyg-

dala, hippocampus, and prefrontal cortex. Notably, a recent functional

neuroimaging study showed that early adversity (being institution-

alized and exposed to maternal deprivation) was associated with

negative coupling between the amygdala and medial prefrontal cor-

tex (PFC), a pattern opposite from the positive amygdala–medial

PFC coupling observed in youth not exposed to early adversity

(Gee et al., 2013).

3 AMYGDALA–PFC CONNECTIVITY

IN ANXIETY

Extending similar themes to humans, and building on a large body

of preclinical and imaging literature emphasizing an amygdala–

ventromedial prefrontal cortex (vmPFC) circuit in the acquisition,

expression, and extinction of fear (Milad & Quirk, 2012), Gold, Pine

and colleagues used functional magnetic resonance imaging (fMRI)

to investigate anxiety- and development-related abnormalities in

amygdala–PFC connectivity across three different task conditions.

The study tested four groups—anxious youth, healthy youth, anx-

ious adults, healthy adults—and involved two separate sessions. In

the first, participants underwent a fear acquisition phase, followed

by fear extinction. Approximately 20 days later, the same partici-

pants performed an extinction recall task, where they were asked

to make threat–safety discriminations related to the CS+ and CS−.
Critically, discrimination decisions were made under three atten-

tion conditions: threat appraisal (probing subjective fear), explicit

threat memory (probing memories for the CS), and physical dis-

crimination (probing physical characteristics of the stimuli). When

using the left amygdala as a seed for psychophysiological interaction

(PPI) analyses, Gold and colleagues found two clusters in the vmPFC

characterized by anxiety-, task-, and development-specific effects.

Follow-up analyses showed that relative to the physical discrimination

condition, the threat appraisal and explicit threat memory conditions

elicited opposite patterns of amygdala–vmPFC connectivity in anxious

youth (negative connectivity) versus anxious adults (positive connec-

tivity). Taken together, these data suggest that across youth and adults,

the same phenotype (clinical anxiety) is characterized by opposite pat-

terns of functional connectivity between two key nodes implicated in

fear acquisition and extinction, highlighting important developmental

trajectories.

A key unanswered question is whether this information could be

harnessed to guide the development of new treatments or boost the

efficacy of current treatments (in particular, exposure-based or cog-

nitive behavior treatments). For example, would interventions aiming

to normalize negative amygdala-vmPFC functional connectivity (e.g.,

through neurofeedback, transcranial magnetic stimulation, or cogni-

tive training) have therapeutic effects among anxious youth but not

anxious adults? And conversely, would anxious adults benefit from

interventions that normalize positive amygdala–vmPFC functional con-

nectivity? Given that many anxious youth do not become anxious

adults (Pine, Cohen,Gurley, Brook,&Ma, 1998), developing novelways

for redirecting developmental trajectories toward well-being would

be a major breakthrough. In addition, the specificity of these findings

with respect to task conditions highlights the importance of engag-

ing mechanisms that are immediately relevant to the clinical condition

under investigation. Specifically, by asking participants to appraise or

remember a previously learned threat—but not focus on basic phys-

ical characteristics of the stimuli—Gold and colleagues were able to

uncover differences between anxious and psychiatrically healthy par-

ticipants, and also between anxious youth and anxious adults. Finally,

although the findings reported byGold and colleagues highlight impor-

tant development-specific dysregulation within the fear circuitry, it

remains unknown whether such abnormalities are the cause or con-

sequence of anxiety. Prospective studies in unaffected individuals

at increased risk for anxiety disorders (e.g., young offspring of indi-

viduals with emotional disorders) will be needed to identify puta-

tive biomarkers associated with increased vulnerability to anxiety

disorders.
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4 ADVANCING PREVENTION AND

INTERVENTION STRATEGIES IN

DEPRESSION AND ANXIETY

Another important issue that needs tobe addressed is the lack of effec-

tive treatments available for symptoms of anhedonia. Current psy-

chological and pharmacological interventions are generally focused on

reducingnegative affect rather than restoringpositive affect andhedo-

nic drive. However, low positive affect and anhedonia are known be

an important symptom and risk marker for depression and anxiety

disorders (Pizzagalli, 2014; Prenoveau et al., 2010), as well as a sig-

nificant barrier to treatment engagement. In this context, Craske and

colleagues make a case for developing novel treatments for anhedo-

nia and introduce a new intervention (coined positive affect treatment

[PAT]), which was specifically designed to target reward processing

subcomponents (and associated neural circuitry) in a cross-diagnostic

fashion. There are several noteworthy aspects of their argument. First,

and consistent with conceptualizations of anhedonia emerging from

the fields of affective and behavioral neuroscience (e.g., Der-Avakian &

Markou, 2012; Pizzagalli, 2014; Treadway&Zald, 2013), these authors

point out that anhedonia is not a unitary construct but can be decom-

posed into psychologically and neurobiologically distinct subcompo-

nents, including reward anticipation, reward consumption, and reward

learning. Critically, these subcomponents are supported by partially

nonoverlapping neural circuitries and neurotransmitters, and have dis-

tinct behavioral and cognitive manifestations. Second, growing evi-

dence indicates that these subcomponents of reward processing and

their associated neural circuitry are dysregulated across a variety of

disorders including depression, anxiety, schizophrenia, and substance

abuse (e.g., Barch, Pagliaccio, & Luking, 2016; Koob, 2013; Whitton,

Treadway, & Pizzagalli, 2015). A particularly attractive feature of PAT,

which is nicely aligned with NIMH’s experimental medicine approach,

is that it lends itself to identification and verification of therapeutic tar-

gets. If the current version of PATdoes not drive changes in self-report,

behavioral, and/or neural markers of different reward processing sub-

components, revisions of the treatment will be needed. Refreshingly,

these modifications can be implemented in the context of a rich psy-

chological, behavioral neuroscience, and affective neuroscience litera-

ture, and thus can be rooted in empirical data. Initial findings, including

significant increases in positive affect after PAT, especially in individ-

uals with low baseline levels of positive affect, are promising (Craske

et al., this issue).

Owing to the high degree of comorbidity of depression and anxi-

ety and their putatively shared etiology,Garber and colleagues present

a timely meta-analysis investigating whether evidence-based psycho-

logical treatments developed to specifically treat or prevent depres-

sion or anxiety in children and adolescents might have cross-over

effects (i.e., benefit also the other disorder). Several notable results

emerged: for both randomized controlled trials (RCTs) for anxiety

(18 studies) and depression (nine studies), significant beneficial effects

were observed for both disorders, albeit stronger for the target

disorder (e.g., depression in RCTs for depression), highlighting both

cross-over effects and specificity. For anxiety prevention (14 stud-

ies), anxiety—but not depression—was ameliorated, highlighting no

cross-over effects. For depression prevention (15 studies), no effects

were seen for either disorder, although post hoc analyses revealed that

the effects on depression (but not on anxiety) emerged for targeted

(but not universal) samples.

These findings have several important implications for the devel-

opment of trans-diagnostic interventions. Although none of the treat-

ment protocols included in the Garber and colleagues’ meta-analysis

was developed to be trans-diagnostic, they showed beneficial effects

on both disorders, possibly because they acted on shared mecha-

nisms (e.g., negative maladaptive cognition). By improving our under-

standing of etiological and psychopathological mechanisms underly-

ing shared risk for depression and anxiety (e.g., negative affectivity,

behavioral avoidance), it is expected that truly trans-diagnostic inter-

ventions could be particularly efficacious. Further, prevention studies

were largely ineffective in universal samples, whereas they showed

promisingfindings in targeted (e.g., at-risk youth) samples. If replicated,

these findings might be used to prioritize resources and thus, target

individuals whowould benefit most.

5 CONCLUSION

Investigation, treatment, andpreventionof depression andanxiety dis-

orders remain a challenge. The current special issue highlights both

substantial advances in our understanding of the potential causes of

these prevalent disorders, as well as promising leads for the develop-

ment ofmore effective interventions. In particular, by leveraging cross-

species convergence and integrating different levels of analysis, con-

sidering developmental trajectories and potential sensitive periods,

and focusing on well-characterized trans-diagnostic phenotypes, con-

tributions in the current special issue pave the way for a fundamen-

tal improvement in our understanding of the etiology of depression

andanxietydisorders. This represents a crucial step towarddeveloping

better treatment strategies, as well as highlighting new opportunities

for the implementation of targeted and personalized intervention.
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