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Abstract

Multiple and diverse psychotherapeutic or psychopharmacologic treatments effectively reduce 

symptoms for many patients with anxiety disorders, but the trajectory and magnitude of response 

vary considerably. This heterogeneity of treatment response has invigorated the search for 

biomarkers of treatment response in anxiety disorders, across the lifespan. In this review, we 

summarize evidence for biomarkers of treatment response in children, adolescents and adults with 

generalized, separation and social anxiety disorders as well as panic disorder. We then discuss the 

relationship between these biomarkers of treatment response and the pathophysiology of anxiety 

disorders. Finally, we provide context for treatment response biomarkers of the future, including 

neuronally-derived extracellular vesicles in anxiety disorders and discuss challenges that must be 

overcome prior to the debut of treatment response biomarkers in the clinic. A number of promising 

treatment response biomarkers have been identified, although there is an urgent need to replicate 

findings and to identify which biomarkers might guide clinicians in selecting from available 

treatments rather than just simply identifying patients who may be less likely to respond to a given 

intervention.
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Introduction

Anxiety disorders are the most common mental health conditions across the lifespan. They 

typically begin in childhood and adolescence (Beesdo-Baum and Knappe, 2012; Beesdo et 

al., 2010) and inflict significant morbidity (Baxter et al., 2014; James et al., 2018). 

Moreover, these disorders—generalized anxiety disorder, social anxiety disorder, separation 

anxiety disorder, specific phobia, panic disorder and agoraphobia—have a lifetime 

prevalence close to 30% (Merikangas et al., 2010). Further, 50% percent of adults (Stein et 

al., 1999; Van Ameringen et al., 2001) and 40% of children and adolescents with anxiety 

disorders fail to respond to psychopharmacologic or psychotherapeutic treatments (RUPP 

2001; Strawn et al., 2015; Walkup et al., 2008).

Current evidence-based treatment of anxiety disorders is all too often a trial-and-error 

process. Clinicians typically initiate a first-line treatment (i.e., selective serotonin reuptake 

inhibitors [SSRIs] and/or psychotherapy) (Roy-Byrne et al., 2010; Stein and Sareen, 2015; 

Strawn et al., 2018a; Strawn et al., 2020) and then wait 8-10 weeks (Connolly and Bernstein, 

2007; Wehry et al., 2015), during which time they may observe improvement or intolerable 

side effects. The protracted interval between treatment initiation and response as well as the 

variable response rate (50-60% of patients improving) (Walkup et al., 2008) represents a 

significant shortcoming of SSRI and SNRI pharmacotherapy (Strawn et al., 2018a). There is 

limited data to predict, which patients with anxiety disorders will respond to which SSRIs, 

SNRIs or other interventions. This conundrum has spurred the search for treatment response 

biomarkers (Nasrallah, 2019). Given multiple evidence-based treatments for anxiety across 

psychopharmacologic classes (Strawn et al., 2018a) and psychotherapeutic modalities, and 

the high prevalence of these disorders, having reliable biomarkers for treatment response 

may shift treatment paradigms and herald an era of precision psychiatry—helping clinicians 

to pair the right treatments with the right patients.

Many studies of biomarkers of treatment response in anxiety disorders have focused on 

EEG, functional MRI (fMRI) and 1H magnetic resonance spectroscopy (MRS); however, 

many of these modalities are encumbered by site-to-site variability, are methodologically 

intense, or are not readily available for large-scale use. By contrast, molecular markers can 

be obtained in non-invasive or minimally invasive ways and offer an easily accessible 

precision medicine approach that will facilitate precise treatment selection and hence greatly 

improve outcome.

With this in mind, we sought to review the literature to identify potential biomarkers of 

treatment response to pharmacotherapy or psychotherapy in children, adolescents and adults 

with anxiety disorders. We cover the gamut of molecular disciplines in addition to 

neuroimaging and pharmacogenetics. We review inflammatory biomarkers, 

pharmacodynamic biomarkers, acid sensing markers and neurotropic biomarkers. We 

propose an approach to measuring the molecules described above in neuronally-derived 

extracellular vesicles (EVs), which carry RNA, protein and lipid signatures from the CNS to 

the soma and can be captured by minimally invasive means such as a simple phlebotomy.
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1. Methods

For this unstructured review, searches were conducted in PubMed, PsychINFO, 

clinicaltrials.gov. Search results were compiled and reviewed to provide an overview of the 

current knowledge regarding treatment response biomarkers in anxiety disorders. For the 

PubMed search (inception through March 1, 2020), we used the following search strategy 

(anxiety OR social phobia OR social anxiety disorder OR SAD OR generalized anxiety 

disorder OR GAD OR separation anxiety disorder OR panic disorder*) AND (biomarker* 

OR fMRI or functional magnetic resonance imaging OR voxel based morphometry OR 

VBM or functional connectivity OR amygdala OR prefrontal cortex OR spectroscopy OR 

inflammat* OR cytokine* OR c-reactive protein OR CRP OR substance p OR 

norepinephrine OR serotonin OR GABA OR glutamate OR GLX OR CRH OR cortisol OR 

psychotherapy OR cognitive behavioral therapy OR CBT OR selective serotonin reuptake 

inhibitor OR SSRI OR selective serotonin norepinephrine reuptake inhibitor OR SNRI OR 

selective serotonin norepinephrine reuptake inhibitor OR fluoxetine OR fluvoxamine OR 

citalopram OR escitalopram OR fluoxetine OR paroxetine OR venlafaxine OR 

desvenlafaxine OR duloxetine OR vortioxetine OR vilazodone OR vilazodone OR 

levomilnacipran OR benzodiazepine OR clonazepam OR lorazepam OR diazepam OR 

tricyclic). The results of the search were then manually limited. For this unstructured review, 

we also attempted to highlight key findings and developments that have been published in 

the last 2 decades. The resulting information from these searches was reviewed by the 

authors to provide an overview of the current knowledge regarding treatment response 

biomarkers in anxiety disorders.

2. Results

2.1.1. Functional Neuroimaging Biomarkers of Treatment Response in Adults

Functional imaging can identify the effects of treatment on activity within structures that are 

implicated in the pathophysiology of anxiety disorders (Strawn et al., 2012). Identifying 

biomarkers based on functional activation in fMRI studies is based on the relationship 

between increased activation of several prefrontal structures and anxiety severity (Strawn et 

al., 2012). One of the first studies to leverage fMRI to predict treatment response revealed 

that pre-treatment activity of the anterior cingulate cortex and decreased amygdala activity 

were associated with the degree of venlafaxine-related improvement (Nitschke et al., 2009; 

Whalen et al., 2008). Several additional studies examined the potential utility of fMRI to 

predict response to psychotherapy. Fick and colleagues (2018) observed that pre-treatment 

dorsal anterior cingulate cortex activation predicted the degree of response to cognitive 

behavioral therapy (CBT) or escitalopram in adults with social anxiety disorder. In this 

study, activation patterns accurately identified 81% of responders/non-responders (Frick et 

al., 2018). A second study examining neurofunctional biomarkers of CBT response in social 

anxiety disorder, found that CBT decreased functional activity in prefrontal regions 

(dorsomedial, medial frontal gyrus) and insula and suggested that “pre-treatment cortical 

hyperactivity to social threat signals may serve as a prognostic indicator of CBT success” 

(Klumpp et al., 2013). A third study of CBT found that functional activation patterns in 

response to aversive facial stimuli, at baseline, predicted treatment response in adults with 
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social anxiety disorder (Doehrmann et al., 2013). Last, a recent study that examined pre-

treatment predictors of response to either sertraline or CBT in mixed anxiety disorders in a 

population of children, adolescents and young adults is discussed below (Kujawa et al., 

2016). Taken together, these studies suggest that pre-treatment activity in structures within 

prefrontal-amygdala pathways predicts treatment response as does treatment-related change 

in the activity of these structures.

At this juncture, studies of anxious adults consistently implicate anterior cingulate cortex 

activity as a neurofunctional biomarker for anxiolytic treatments. This is not surprising for 

several reasons. First, the anterior cingulate modulates the activity of the amygdala—a 

structure that is hyperresponsive to threat and functionally hyperactivated in many patients 

with anxiety disorders (Figure 1). Second, the anterior cingulate cortex is hyperactivated 

(potentially a compensatory function) in patients with anxiety disorders and is 

hyperresponsive to anxiogenic challenges (e.g., administration of the neuropeptide 

cholecystokinin-tetrapeptide (CCK-4) (Leicht et al., 2013). Third, treatment with broad-

spectrum anxiolytics (e.g., alprazolam) attenuates anterior cingulate cortex activation after 

CCK-4 administration increases functional connectivity between the anterior cingulate 

cortex and amygdala and reductions in CCK-4-driven activation predict the alprazolam-

related improvement in anxiety (Leicht et al., 2013).

3.1.2 Functional Neuroimaging Biomarkers in Pediatric Anxiety Disorders

In pediatric anxiety disorders, one of the first fMRI studies to set the stage for identifying 

neurofunctional biomarkers of treatment response compared pre- and post-treatment brain 

activation in anxious youth receiving fluoxetine (n=7) or CBT (n=7). Both treatments 

increased ventrolateral prefrontal cortex activity (Maslowsky et al., 2010). Also, in anxious 

youth greater pre-treatment amygdala activation predicts the magnitude of CBT or 

fluoxetine-associated improvement (McClure et al., 2007). Several findings of the 

neurophysiology of treatment response in pediatric anxiety disorders emerge from studies 

conducted by Phan and colleagues in which children and adolescents (ages 9-19 years) with 

generalized, separation, and/or social anxiety disorder (as well as healthy controls) 

underwent fMRI approximately 12-13 weeks apart during which time they were treated with 

either CBT or sertraline (Burkhouse et al., 2018). In the most recent of these studies that 

leveraged an implicit threat task, anxious children, adolescents and young adults had 

reduced medial prefrontal cortex/anterior cingulate cortex activation, but effective treatment 

increased activation in this region. That some regions have increased functional activity in 

patients with anxiety and that effective treatments increase the activity of these regions is 

consistent with the notion that these regions—which are often regulatory—serve a 

compensatory function. Consistent with this notion, patients who had greater decreases in 

social anxiety/avoidance symptoms had greater increases in anterior angulate cortex 

activation (Burkhouse et al., 2018). In this sample, using a facial affect probe, increased 

activation of the dorsolateral prefrontal cortex and ventrolateral prefrontal cortex, as well as 

precentral/postcentral gyri, prior to treatment, predicted better improvement in anxiety 

symptoms regardless of whether patients received sertraline or CBT (Kujawa et al., 2016). A 

small study of mindfulness-based cognitive therapy for children (MBCT-C) in youth with 

generalized, social, and/or separation anxiety disorder who were at risk for developing 
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bipolar disorder found, prior to and following 12 weeks of therapy, found that MBCT-C 

increased activation of the bilateral insula and anterior cingulate. In this study, treatment-

related decreases in anxiety correlated with change in activation in the bilateral insula and 

anterior cingulate (Cotton et al., 2016). Taken together, these studies suggest that, in 

pediatric anxiety, hyperarousal in prefrontal-amygdala circuits predicts treatment response to 

both psychotherapy and SSRIs and is reduced by these treatments.

2.2. Neurochemical biomarkers

2.2.1. Gamma-aminobutyric acid (GABA)—The major inhibitory neurotransmitter in 

the mammalian CNS, gamma-aminobutyric acid (GABA) has been a focus of biomarker 

discovery in anxiety disorders as these disorders ostensibly represent excitatory/inhibitory 

imbalance. GABA concentrations in cerebrospinal fluid (CSF) or measured indirectly with 

proton magnetic resonance spectroscopy (1H MRS) are lower in patients with anxiety 

disorders, specifically panic disorder (Goddard et al., 2001; Long et al., 2013), although 

GABA concentrations may not be reduced in all cortical regions (Hasler et al., 2009). 

Interestingly, higher CSF GABA concentrations predict improvement in anxiety and 

reductions in panic attacks (Rimón et al., 1995). Further, the SSRI, citalopram, which is 

commonly utilized to treat anxiety disorders, decreases GABA in the pregenual anterior 

cingulate cortex and this decrease predicts improvement in adults with MDD (Brennan et al., 

2017). Despite these potentially promising findings, the GABAergic system is complex and 

therefore it is difficult to directly harness this system as a single neurochemical biomarker. 

Peripheral GABA concentrations may not reflect CNS concentrations but are decreased by 

IV benzodiazepines in adults with anxiety disorders, but plasma levels or the magnitude of 

these reductions do not predict change in anxiety symptoms (Roy-Byrne et al., 1992). A 

modicum of studies suggest that GABAergic biomarkers may predict treatment response or 

reflect target engagement, future studies must focus not just on GABA, but on the balance of 

excitatory and inhibitory transmission. So called “excitatory-inhibitory” imbalance has been 

examined in depressive and psychotic disorders (Lener et al., 2017), but to our knowledge 

has not been evaluated as a predictor of treatment response in anxiety disorders.

2.2.2. Glutamate—Using 1H MRS, several studies have observed glutamatergic 

abnormalities in adolescents and adults with generalized and social anxiety disorders 

(Howells et al., 2015; Phan et al., 2005; Strawn et al., 2013), although studies of adults with 

panic disorder have not observed glutamatergic differences (Hasler et al., 2009). To date, 

only one study has examined the potential value of 1H MRS measured glutamate (or 

glutamatergic indices) as a biomarker of treatment response in anxiety disorders. In adults 

with social anxiety disorder, levetiracetam increased whole brain GABA levels and 

significantly reduced whole brain glutamine, although the relationship of these 

neurochemical changes and improvement in anxiety was not assessed (Pollack et al., 2008). 

Like with noradrenergic measures (discussed in 2.2.3) and anti-adrenergic, glutamatergic 

biomarkers may provide specificity with regard to predicting response as anxiolytics with 

glutamatergic target engagement become more clinically available (Chojnacka-Wójcik et al., 

2001; Palucha and Pilc, 2007; Taylor et al., 2018).
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2.2.3. Norepinephrine—The catecholamine norepinephrine plays a critical role as one 

of the principal mediators of the mammalian response to stress and has long been implicated 

in the pathophysiology of anxiety disorders and posttraumatic stress disorder (Strawn and 

Geracioti, 2008). Additionally, the adrenergic receptors to which norepinephrine (and 

epinephrine) bind are targets of anxiolytic therapy and are divided into two major types, α 
and β adrenoreceptors. There are a number of relevant polymorphisms in the α and β 
receptors attenuate the effects of some β-agonists and antagonists, including mutations in the 

ADRB2 gene. While not studied as a biomarker in either pediatric or adult anxiety disorders, 

β-receptor agonists produce variable and heterogeneous effects in anxiety disorders 

(Litonjua et al., 2010). Thus, understanding whether this heterogeneity of treatment effect 

could be predicted by functionally-relevant polymorphisms in genes encoding alpha and beta 

receptors represents an important line of inquiry. Further, CNS and peripheral 

norepinephrine dynamics differ substantially (Peskind et al., 1986). Norepinephrine in 

plasma and in CSF are derived from largely disparate sources; therefore, dissociation 

between peripheral and CNS norepinephrine concentrations can occur. Results of serial CSF 

and plasma sampling studies indicate that plasma norepinephrine concentrations predict only 

about 20% of the CSF (i.e., CNS) norepinephrine concentrations (Geracioti et al., 1993). 

This results in significant challenges to measuring plasma norepinephrine as a biomarker for 

anxiety disorders.

Regarding the potential of norepinephrine metabolism as a treatment response biomarker, 

SSRIs (fluoxetine and fluvoxamine) decrease CSF concentrations of the primary 

norepinephrine metabolite in humans, 5-methoxy-4-hydroxyphenylglycol (MHPG) and the 

primary 5-HT metabolite, 5-hydroxyindoleacetic acid (5-HIAA) (De Bellis et al., 1993a; 

Sheline et al., 1997). Additionally, increased salivary MHPG concentrations in depressed 

adults are associated with SSRI response, but not response to mirtazapine (Egami et al., 

2013). Noradrenergic dynamics in adults with anxiety disorders have also been examined 

with challenge studies. The α2-adrenergic receptor antagonist yohimbine increases 

noradrenergic function and its administration to patients with panic disorder increases 

plasma MHPG more than in healthy individuals (Charney et al., 1992, 1984). Interestingly, 

in a placebo-controlled study of adults with panic disorder, fluvoxamine reduced yohimbine-

induced anxiety but did not affect MHPG concentrations. It is of interest that the α2 agonist, 

guanfacine improves anxiety in pediatric patients with generalized, separation and social 

anxiety disorders (Strawn et al., 2017) and this raises the possibility that given the absence 

of SSRI-related effects on probes of noradrenergic activity, these probes could still have 

utility in assessing responsiveness to an anti-adrenergic medications.

3.2.4 Sympathetic-Parasympathetic Biomarkers—Heart rate variability, an end 

product of parasympathetic and sympathetic balance (or imbalance), has been explored over 

the past several decades as a predictor of SSRI response in adults with major depressive 

disorder. Only recently however, Kircanski and colleagues (2019) examined heart rate 

variability as a predictor of response to escitalopram, sertraline, and extended release 

venlafaxine in adults with major depressive disorder (MDD) (N=1008) and specifically 

examined its predictive value in patients with anxious depression (N=309). Pre-treatment 

heart rate variability, predicted response differently in anxious versus non-anxious 
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depression. In anxious depression, patients with higher heart rate variability had greater 

improvement whereas those with lower heart rate variability had worse outcomes (Kircanski 

et al., 2019).

Salivary α-amylase has also been explored in children, adolescents and adults with anxiety 

disorders (Keeshin et al., 2015). Salivary α-amylase represents a widely used as a surrogate 

marker of autonomic nervous system tone (Granger et al., 2007). In this regard, both 

sympathetic and parasympathetic nervous system activity contribute to the secretion of α-

amylase into saliva, although levels of salivary α-amylase primarily reflect sympathetic 

activity (Bosch et al. 2011). In patients with anxious depression, tricyclic antidepressants 

appear to increase salivary α-amylase concentrations.

2.3. Acid Sensing Molecular Markers in Anxiety Disorders

Disruption of acid-base homeostasis has been pathologically implicated in anxiety disorders 

and specifically in panic disorder (Vollmer et al., 2015). Recently, in a translational rodent 

model of panic disorder, abnormalities in the microglial acid sensing G-protein coupled 

receptor, T-cell death associated gene-8 (TDAG8) and the acid-sensing ion channel (ASIC) 

have been associated with panic physiology. In a small study of adolescents and young 

adults with panic disorder, relative TDAG8 mRNA expression was increased compared to 

healthy controls and correlated with the severity of panic disorder symptoms (Strawn et al., 

2018b). Moreover, in patients who received treatment (primarily with SSRIs), TDAG8 

mRNA expression was lower in those who achieved remission relative to those who did not 

(Strawn et al., 2018b).

These acid perturbations have been used to screen potentially effective treatments and 

include inhalation of CO2 and infusion of sodium lactate. Intravenous infusion of a 0.5 M 

sodium lactate (10 ml kg−1) produces panic attacks in vulnerable individuals and these 

attacks, like those elicited by CO2-inhallation phenomenologically mirror spontaneous panic 

attacks (that is, symptoms of dyspnea, generalized fear, a desire to flee and fear of losing 

control). Since the discovery that lactate infusion and CO2 challenge could elicit panic 

attacks in vulnerable individuals (i.e., patients with panic disorder), these paradigms have 

been used to screen SSRIs, GABAergic agents, CRH-1 antagonists, etc. as potentially 

efficacious treatments for panic disorder. However, despite this, these paradigms have not 

been successfully utilized as biomarkers of treatment response.

3.4. Neuroactive Steroids

Allopregnenolone (3α,5α -tetrahydroprogesterone), an endogeneous inhibitory pregnane 

neurosteroid and its exogeneous sibling, brexanolone, are derived from progesterone and are 

positive allosteric modulators at the GABAA receptor (Reddy, 2010; Zorumski et al., 2019). 

In adults, lactate and cholecystokinin-induced panic attacks are associated with decreases in 

neuroactive steroids, including allopregnanolone and 3α,5β-THP as well as increases in 

3β,5α-THP (functional antagonistic isomer) contractions which is consistent with decreased 

GABAergic tone. Further, in adults with panic disorder, tiagabine, a GABA reuptake 

inhibitor, increases allopregnanolone concentrations (p=0.005) and the magnitude of this 

change predicts decreased panic symptoms (P. et al., 2009).
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3.5 Neuroinflammatory biomarkers

Accumulating data suggest that cytokines and other pro-inflammatory molecules modulate 

neurocircuitry and neuronal processes; however, relatively little is known about effects of 

cytokines on neuronal communication and anxiety disorders, compared to depression (Hou 

and Baldwin, 2012). Further evidence for the potential causal role of increased inflammatory 

tone in anxiety comes from studies of patients with hepatitis C who have received the 

inflammatory cytokine, interferon-α. In these samples, up to 50% of patients develop 

anxiety symptoms in addition to depressive symptoms (Capuron et al., 2002). Furthermore, 

the development of anxiety and depressive symptoms were associated with the short allele of 

the serotonin transporter promotor polymorphism (Lotrich et al., 2009) and were prevented 

by pre-treatment with an SSRI (Musselman et al., 2001).

Administration of lipopolysaccharide, an immune activator to healthy adults results in 

increased anxiety. Interestingly in this study, individuals with “clinically significant anxiety” 

experienced increases in IL6 that were independent of depressive symptoms. An additional 

study that examined patients with GAD and coronary artery disease suggested an association 

between c-reactive protein (CRP) and anxiety symptoms (Bankier et al., 2009). Also, in 

patients with GAD, T-cell dysfunction has been observed which potentially increases 

susceptibility to infection and inflammatory/auto-immune disorders (Barros et al., 2011; 

Vieira et al., 2010). Thus, the relationship between anxiety and inflammation is complex and 

bidirectional which complicates studying inflammatory biomarkers of treatment response in 

anxiety.

Very few studies have examined inflammatory markers as predictors of treatment response 

in anxiety disorders. In one of these rare studies, changes in circulating concentrations of 

interleukin (IL)-6, IL8, IL-10, IL-18 and TNF-β have been observed (Vogelzangs et al., 

2016). Also, in the Netherlands Study of Depression and Anxiety (NESDA), baseline 

inflammatory markers and lipopolysaccharide-induced cytokine secretion were increased in 

patients with mixed anxiety and depressive symptoms and strongly correlated with anxiety 

severity (p<0.001) (Vogelzangs et al., 2016). In children and adolescents with depressive or 

anxiety disorders (aged 9-18 years, N=41), plasma tumor necrosis factor TNF-α, interleukin 

(IL)-6, and IL-1β were examined with regard to SSRI treatment. SSRIs decreased TNF-α 
concentrations (p=0.037). Further, and of high clinical interest, elevated concentrations of 

these proinflammatory cytokines were associated with SSRI response. Also, higher levels of 

TNF-α, IL-6, and IL-1β might predict nonresponse to fluoxetine treatment in children 

(Amitai et al., 2016). An additional treatment study, albeit in patients with MDD, suggests 

that inflammatory markers could serve as biomarkers of treatment response for anxiety 

symptoms. In this placebo- controlled trial, infliximab, a monoclonal antibody that inhibits 

TNF improved both anxiety and depressive symptoms but did so only in patients with the 

highest inflammatory tone (as measured by CRP concentrations (i.e., CRP concentrations 

>5) (Raison et al., 2013). The dearth of inflammatory biomarker studies in anxiety disorders 

contrasts sharply with work in depressive disorders wherein two large, prospective 

randomized controlled trials studies suggested that inflammatory tone (as reflected by CRP) 

predicts differential response to noradrenergic agents vs SSRIs. To date, no studies have 
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examined the ability of inflammatory markers to guide medication selection in anxiety 

disorders.

3.6. Adrenocortical biomarkers

Stoked by research in adults with major depressive disorder and posttraumatic stress 

disorder, there has been considerable interest in adrenocortical products as biomarkers of 

treatment response in anxiety disorders. Corticotropin releasing hormone (CRH)—the 

principal CNS effector of the organismic response to stress, stress-related conditions, 

particularly depressive and anxiety syndromes—has been implicated in the pathophysiology 

of affective and anxiety disorders for nearly four decades (Geracioti et al., 1997; Schulte et 

al., 1984; Wong et al., 2000). Additionally, markers of HPA-axis dysregulation often 

normalize following treatment with SSRIs (De Bellis et al., 1993b), tricyclic antidepressants 

(Heuser et al., 1998, 1996) in adults with major depressive disorder.

In anxiety disorders, examinations of hypothalamic-pituitary-adrenal (HPA) axis function 

focus almost exclusively on the end adrenocortical product, cortisol. Cross sectional studies 

of adults with anxiety disorders suggest dysregulation of cortisol release in older adults (Hek 

et al., 2013) and in youth with posttraumatic stress disorder (Keeshin et al., 2014), which 

shares many characteristics of anxiety disorders. In a placebo-controlled trial of escitalopram 

in older adults with GAD, escitalopram treatment reduces peak and total cortisol 

concentrations and decreases in cortisol predicted improvements in anxiety. Further, genetic 

variability in the serotonin transporter promoter polymorphism predicts treatment-related 

cortisol changes (Lenze et al., 2011). In adults with panic disorder, blunted 

adrenocorticotropic hormone and cortisol secretion in response to corticotropin-releasing 

hormone (CRH) stimulation normalize following 12 weeks of open-label alprazolam. 

Interestingly, patients with greater baseline dysregulation of the hypothalamic-pituitary-

adrenal axis had worse outcomes (Curtis et al., 1997). Finally, regarding the viability of 

cortisol or other HPA axis elaborants as biomarkers of psychotherapy response, a recent 

meta-analysis (k=6, N≅275), of basal cortisol concentrations did not predict improvement 

nor did higher cortisol during exposure-based sessions—which are thought to be critical for 

anxiety-related improvement—predict improvement (Fischer and Cleare, 2017).

3.7. Neurotrophic Factors

While bran derived neurotrophic factor (BDNF) and glial cell line-derived neurotrophic 

factors (GDNF) are intimately linked to neuroplasticity (Mattson, 2008) and implicated in 

lower animal models of anxiety, only in recent years have they been examined in patients 

with anxiety disorders. Seen as a “brain fertilizer” because it promotes the growth of new 

neurons and maintains central and peripheral neuronal integrity, BDNF expression increases 

in response to exercise, caloric restriction and low carbohydrate/low fat diet and is 

associated with better cognition and decreased anxiety (Gyorkos et al., 2019; Meeusen, 

2014; Stranahan et al., 2009). In Han Chinese patients with GAD who were treated with 

venlafaxine or escitalopram, serum BDNF and GDNF levels were lower compared to 

healthy individuals and BDNF and GDNF concentrations inversely correlated with Hamilton 

Anxiety Scale scores. However, post-treatment, neither BDNF or GDNF levels predicted 

treatment response or remission (Shen et al., 2019). Additionally, in a large placebo-
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controlled study of duloxetine in adults with GAD, treatment increased plasma BDNF 

concentrations and patients who responded or remitted had greater increases in BDNF 

concentrations compared to patients who failed to respond (Ball et al., 2013). Finally, in 

adults with GAD, serum nerve growth factor concentrations increased following CBT 

(compared to healthy subjects, p<0.005) and anxious patients with the smallest decreases in 

anxiety had the lowest increases in nerve growth factor concentrations (M.C. et al., 2007). 

While the association with BDNF and depression is more clearly established, the role BDNF 

plays in anxiety seems less clear with some studies suggesting an association with reduced 

BDNF in various regions of the brain with increase anxiety but other studies that fail find 

such correlations.

3.8. Pharmacodynamic biomarkers of treatment response

Mutations in glutamatergic genes (i.e., GRIK4) have been associated with sertraline 

response in large samples of children and adolescents with generalized, separation and social 

anxiety disorders (Sakolsky et al., 2010). Polymorphisms in the 5-HT2A receptor gene, 

HTR2A (rs6313) are associated with sertraline dosing (p=0.011) in naturalistic studies of 

adolescents with anxiety (and depressive) disorders (Poweleit et al., 2019). Specifically, 

patients with G alleles had better treatment response and required lower sertraline doses to 

achieve response both in adolescence and adulthood. This finding is true not only for 

sertraline, but with other SSRIs as well. In a double-blind, placebo-controlled trial of 

pediatric patients treated with escitalopram, those who were homozygous for the G allele of 

the HTR2A gene (consistent with lower expression) had reduced treatment response 

compared to those patients who had at least one A allele. Finally, patients who were 

homozygous for a short allele of the serotonin transporter promotor polymorphism, 

SLC6A4, have a reduced magnitude and trajectory of treatment response compared to those 

who have a long allele (Strawn et al., 2019b). Finally, one study of patients with anxiety 

disorders which randomized individuals to a commercial pharmacogenetic test which 

included 10 genes (CYP1A2, CYP2C9, CYP2C19, CYP2D6, CYP3A4, CYP3A5, SLC6A4, 

COMT, HTR2A, and MTHFR) found that patients in primary care settings with anxiety 

symptoms who received pharmacogenetically guided care had greater response rates 

measured by improvements in HAM-A scores following 8 and 12 weeks of treatment 

(p=0.04; OR: 1.76 [1.03–2.99]) (Bradley et al., 2018). As genetic testing becomes 

increasingly common, and given that genetic factors may account for nearly one quarter of 

the variability in antidepressant response (Eichelbaum et al., 2006), it will be critical that 

recommendations that are derived from pharmacogenetic testing panels be harmonized. In 

this regard, medication recommendations are often not in agreement among commercial 

pharmacogenomic-based tools (Bousman and Dunlop, 2018) which puts into question the 

full utility of these tools at this point in time. One utility of pharmacogenetic testing is that 

they predict how people will respond to various antidepressants in a disease agnostic 

fashion, which is noteworthy given that in anxiety disorders, in some populations, SSRIs 

may outperform SNRIs (Locher et al., 2017; J.R. Strawn et al., 2018, 2015), may be 

associated with differential tolerability (Strawn et al., 2019a) and may have different dose-

response relationships (Jakubovski et al., 2019).
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3.9. Current limitations of treatment response biomarkers in anxiety disorders

Despite recent discoveries of treatment response biomarker in anxiety and related disorders, 

several recent limitations have been identified. Most biomarkers to date—other than 

neuroimaging-based biomarkers—are obtained or assessed in the periphery (i.e., plasma, 

serum, saliva, urine). However, the relationship between central and peripheral 

concentrations or regulation of these measures is remarkably complex and they may be 

differentially regulated or be produced from different origins. As an example of this, in the 

periphery, 5-HT is primarily derived from platelets (Endo et al., 2000) and the 

enterochromaffin cells of the gut. Studies of the serotonin metabolite, 5-HIAA illustrate the 

problem of relying on measures from only one compartment. In this regard, we previously 

demonstrated in both anxious and healthy adults that while central and peripheral 5-HIAA 

co-vary within individuals, among individuals, there is no relationship between 

cerebrospinal fluid 5-HIAA and plasma concentrations (Strawn et al., 2002). A second key 

limitation of peripherally derived biomarkers that are used as proxies for central dynamics of 

the same biomarker is that the disease process itself may result in dissociation of normal 

physiologic relationships. For example, peripheral hemodynamic measures have been used a 

reflection of noradrenergic tone and we have previously observed this relationship in healthy 

adults; however, in patients with posttraumatic stress disorder, hemodynamic measures are 

completely dissociated from central noradrenergic tone (Strawn et al., 2004). Another 

significant limitation is the systematic variability in measurements, particularly with regard 

to neuroimaging-based biomarkers of treatment response.

3.10. Emerging technology for predicting treatment response in anxiety disorders—
Extracellular Vesicles

CNS-derived extracellular vesicles (EVs) represent a unique vehicle for biomarker discovery 

that may inform both the SSRI mechanism of action and molecular pathophysiology of 

anxiety disorders (Beninson et al., 2014). As small (40-1000 nm) lipid membrane-bound 

vesicles that reflect their tissue of origin (van der Pol et al., 2012; Yáñez-Mó et al., 2015), 

EVs dynamically respond to internal and external stimuli (van der Pol et al., 2012; Yáñez-

Mó et al., 2015) (Figure 2). As such, EVs relay molecular signals between adjacent and 

distant cells by entering peripheral biofluids and transporting cargoes (e.g., RNA, proteins, 

lipids and metabolites) from one tissue to another—these cargoes may have diagnostic and 

prognostic utility (Thompson et al., 2016; Tsilioni et al., 2014). CNS-derived EVs that can 

be obtained in peripheral blood may expand our capacity to examine molecular messages 

generated in neurons, astrocytes, microglia, and oligodendrocytes in the brain; they may help 

us to hear “which cell type is saying what” i.e. ascertaining signals from the specific brain 

cell types to harness potential biomarkers. As an example, neuronally-derived EVs have 

been isolated using immunoabsorptive techniques that leverage L1CAM(+), an adhesive 

molecule, primarily expressed in neurons. L1CAM(+) EVs, are enriched in cargoes of 

neuronal origin and provide a “window” into molecular processes in the brain by way of 

peripheral biofluids (Mustapic et al., 2017). Utilizing L1CAM(+) EVs can help accelerate 

investigations of EV biology in psychiatric disorders and in finding treatment response 

biomarkers for a variety of CNS disorders (Raghavan, 2017).
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3.10.1. Application of emerging biomarker technology: BDNF Expression in 
Neuronally-Derived EVs—A good example of the utility of brain derived EVs for 

biomarker research in anxiety and other CNS disorders can be seen with BDNF which h 

already been studied in relationship to treatment response (see section 3.7.). A common 

single nucleotide polymorphism in the BDNF gene causes a substitution of valine (val) to 

methionine (met). Importantly, 25% of Caucasians and an even larger percentage of Asians 

have this met/met polymorphism which is associated with an increased risk to anxiety and 

depression. Mice in which the BDNF met/met alleles have been inserted also demonstrate an 

increase in anxiety and depression. In these BDNF met/met mutant mice, administering 

SSRI during adolescence, seems to affect a critical developmental window. SSRI 

administration at that developmental stage increases BDNF and aborts the expected 

development of anxiety later in adulthood (Duman, 2017). Since neuronally derived EVs 

contain BDNF (Suire et al., 2017), we can use them to test CNS BDNF levels in plasma of 

adolescents with anxiety disorders as they are expressed in neurons and combine that 

information with genomic testing of the BDNF alleles. We can also test the finding in BDNF 

met/met adolescent mice that demonstrate a critical window of vulnerability in adolescence. 

Treating adolescents at a potentially biologically sensitive period, while measuring CNS 

BDNF levels, have the potential to protect them from further progression of anxiety 

symptoms in adulthood, and can help us elucidate a mechanism of action suggested in 

animal studies.

Neuronally-derived EVs can facilitate the translation of biomarkers from basic science and 

animal models of anxiety to the clinic. As an example, knockout prion protein (PrP) mice 

display anxiety-like behaviors and have increased in 5-HT receptors expression [93, 94]. 

PrPs are expressed mainly in the CNS and secreted in neuronally derived EVs. Studying PrP 

expression in neuronally-derived EVs in response to SSRIs may identify novel treatment 

response biomarkers. This is just one example of how examination of EV cargoes can be 

used to test hypotheses related to both pathophysiology and treatment response. Over the 

past few decades, despite accumulating molecular knowledge about pre-clinical anxiety, 

considerable barriers remain in translating this knowledge to clinical research. Neuronally-

derived EVs are poised to bridge this gap.

4. Discussion

While the psychopharmacologic armamentarium for anxiety disorders, response to 

pharmacotherapy and psychotherapy varies and precision medicine tools are urgently 

needed. Given that anxiety disorders are among the most prevalent causes of morbidity 

globally (James et al., 2018), improving treatment outcomes—through the use of treatment 

response biomarkers—will enable better and more effective treatments for a substantial 

portion of the population.

By non-invasively measuring molecular signals in the CNS, we can discover biomarkers that 

are linked to pathophysiology and target engagement. CNS derived biomarkers that can be 

obtained peripherally (i.e., in blood samples) may expand our capacity to examine molecular 

messages from neurons, astrocytes, microglia, and oligodendrocytes. This enables us to 

identify which signals are released into the circulation by which cells and how to use these 
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signals to generate translational clinical trials for biologically-targeted treatments for anxiety 

that include biomarker discovery and assess target engagement. Further, as we become 

skilled at accessing CNS molecular signals, we must learn how these biomarkers interact 

across compartments (e.g., peripheral blood, urine, CNS). The collection of peripheral and 

CNS biomarkers reviewed herein could be integrated into a single biomarker panel. Having 

a myriad of molecules, some that originate in the CNS and some in the periphery may 

increase the reliability of such panels. A host of inflammatory molecules are associated with 

anxiety and with treatment response, but may lack specificity, since inflammation can be 

triggered by many different factors. Using such inflammatory biomarkers in conjunction 

with biomarkers from other pathways, such as BDNF, could enhance the sensitivity and 

specificity of a treatment response biomarker panel.

How we should collect biomarkers represents an important area of future research. 

Biomarker assays for analytes that are used in clinical care are now available for point-of-

care testing and some genomic markers are now being collected by patients outside of clinic 

visits. Beyond this, wearables have come of age in the last two decades and are now being 

used to perform sweat analysis, assess volatile organic compounds in skin (Piro et al., 2019) 

in addition to monitoring of general physiology. Such wearable technology which is non-

invasive, miniaturized, and available for ambulatory patients also may allow for repeated 

sampling or even continuous monitoring of analytes. One such system provides continuous 

measurement of glucose, pH, temperature and lactate (Yokus et al., 2020), which as 

described above may be particularly relevant for patients with panic disorder. These 

measures that can be provided in real-time (Gratch et al., 2020; Robinaugh et al., 2020) may 

also allow continuous biomarker monitoring to be coupled with symptomatic tracking in the 

same way that cardiologists monitor intrathoracic impedance, brain naturetic peptide and 

clinical symptoms to improve treatment outcomes for patients with heart failure (Ypenburg 

et al., 2007).

In this review, we surveyed biomarkers in children, adolescents, adults and older adults. 

However, these relative utility, expression and physiology of these biomarkers may change 

over the lifespan. In addition the systems which they represent may also change over the 

course of as patients age. Perhaps the best example of this is the GABAergic system and the 

cytochrome P450 system. Benzodiazepines do not appear to be as effective in children with 

anxiety relative to adults and children require larger doses of benzodiazepines (on mg/kg 

basis) compared to adults. These differences may be related to differences in biodistribution 

and metabolism as well as changes in receptor density and subunit composition which 

ultimately affects binding affinity. In fact, subcortical regions do not reach adult VD for 

flumazenil until 14-18 years of age whereas cortical regions may not achieve adult VD until 

age 22 (Chugani et al., 2001). Therefore, simply assessing GABA levels without taking into 

consideration development/age might not accurately reflect GABA-related biomarkers. 

Analogously, cytochrome activity tends to vary across development and for CYP2C19 

(discussed earlier), children may have higher levels whereas activity tends to decrease after 

approximately age 65 (Hicks et al., 2015) underscoring the need to consider age and 

development when incorporating a pharmacokinetic biomarker of treatment response into 

practice.
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Many patients with anxiety do not receive adequate treatment, in terms of medication dose 

(or exposure) or duration of treatment; partial treatments are common, and patients often fail 

to reach full remission. Having biomarkers for treatment response that guide clinicians will 

almost certainly improve outcomes. This is especially important for non-psychiatric 

clinicians who do not receive special training in assessing anxiety, although it is noteworthy 

that these same non-psychiatric clinicians commonly integrate clinical assessment and 

biomarkers for other disorders such as atrial fibrillation, dyslipidemia, and treatment of acute 

otitis media. Thus, with psychiatric biomarkers of treatment response, future studies must 

examine the relationship between these biomarkers as well as genetic and clinical/

demographic factors. More sophisticated precision medicine approaches will undoubtedly 

examine biomarkers in concert with clinical and demographic factors as well as prior 

treatment as we have done in non-psychiatric specialties. For example, when approaching a 

patient who is at risk for developing atrial fibrillation, the CHAD2 score guides treatment 

based on risk and this risk determination includes diagnosis (e.g., congestive heart failure, 

hypertension) as well as demographic factors (age >75 years) and history (prior history of 

cerebrovascular accident or transient ischemic attack) (Gage et al., 2001). An analogous 

score could consider the primary disorder, several biomarkers described in this review, age, 

etc. and guide the clinician to select the most effective pharmacotherapy, psychotherapy or 

combination for that patient.

5. Conclusion

The current state of treatment response biomarkers in anxiety disorders across development 

is promising. Emerging potential biomarkers are diverse in origin and function. They span 

the CNS and periphery and touch respiratory, inflammatory, cardiovascular and neuronal 

functions. Treatment response biomarkers are relevant to both psychopharmacologic and 

psychotherapeutic interventions. In fact, psychotherapy has a profound effect on the brain 

and changes brain function and these changes—whether probed centrally or peripherally-- 

can be leveraged as treatment response biomarkers to predict which psychotherapy before 

beginning treatment. With the advent of multiple evidence-based treatments for a myriad of 

disorders, precision tools to direct patients to the treatment that will work best in for them 

will revolutionize the field and help in improving outcomes and lessening long-term 

morbidity of mental illness. Several lessons must be kept in mind as we continue to search 

for novel, anxiety-specific biomarkers of treatment response.

1. The degree to which potential biomarkers reflect changes in pathophysiology 

should be elucidated.

2. Concordance between central and peripheral compartments must be considered 

and characterized as new biomarkers are identified.

3. Ontogenic aspects of treatment-response biomarkers must be understood, 

particularly given that treatment tolerability and efficacy varies across the 

lifespan.

4. The degree to which biomarkers reflect target engagement is critical to 

identifying “which treatment works for which patient.”
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5. How biomarkers are differentially affected by the modality of treatment (e.g., 

psychotherapy or psychopharmacology)
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FIGURE 1: Current and emerging treatment response biomarkers in anxiety disorders.
Tx, treatment, BDNF, brain-derived neurotrophic factor, VLPFC, ventrolateral prefrontal 

cortex, ACC, anterior cingulate cortex, GABA, γ-aminobutyric acid, 5-HT, 5-

hydroxytryptamine, TDAG8, t-cell death associated g-coupled protein receptor.
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FIGURE 2: Extracellular vesicle (EV) trafficking.
EVs function as a mode of communication between cells within the CNS (right) and 

between the CNS and periphery (left). Unlike large proteins and many other molecular 

entities, EVs readily cross the blood brain barrier (dotted line). They represent an emerging 

biomarker of CNS processes that can be easily accessed via peripheral blood sampling.
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