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1Task MRI-Based Functional Brain 
Network of Anxiety

Chien-Han Lai

 Anxiety, Fear, and Task MRI

The anxiety is tended to be associated with fear. The origin of anxiety and fear 
might be the functional and structural alterations in the amygdala of anxious sub-
jects, which would be more specific to the rating and response of anxiety [1]. A 
heightened degree of amygdala-anterior cingulate cortex (ACC) connectivity would 
predispose the anxious subjects to focus on the attention related to the environmen-
tal threat [2]. The specific risk genotype of anxiety would be also associated with 
increased reactivity of the amygdala and hippocampus to threat stimuli [3]. A study 
of clinically anxious individuals showed that the frontal region would evaluate the 
meaning of stimuli and exhibit the inhibitory action toward the heightened responses 
of the amygdala, which suggested a significant role of prefrontal-limbic control 
circuit in the pathophysiology of anxiety [4]. The explicit threat memory and threat 
appraisal condition would also provoke alterations in the amygdala-frontal circuit 
[5]. The cannabinoid administration-related anxiety in healthy subjects during the 
fear-processing task would also be associated with the cannabinoid receptors of the 
amygdala [6]. The threat-related anxiety due to fear was related to the inflammatory 
biomarker of human body [7]. The neuroticism personality, which would be predis-
posed to anxiety, has been mentioned to be altered in the anterior cingulate cortex 
while processing the fearful facial expressions in the lower serotonin status [8]. The 
pathological fear network activations might be related to the attention arousal while 
feeling fearful subjectively [9]. The fear model has been mentioned in certain kinds 
of anxiety disorders, such as social anxiety disorder (SAD) [10–12], panic disorder 
(PD) [13–15], specific phobia [16–18], and generalized anxiety disorder (GAD) [9, 
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19, 20]. For the concept of fear-related network in the brain, the typical example 
would be the hypothesis of “fear network” [14], which included many regions of 
frontal and limbic areas. The frontal part of this network included the medial frontal 
gyrus and anterior cingulate. The limbic part of fear network included the amyg-
dala, thalamus, and hippocampus. According to the update study results, the poten-
tial extension of original fear network model to other regions, such as the limbic and 
cortical regions, has been proposed in the modified version of fear network model 
[21]. The modified version of fear network model also insisted that amygdala hyper- 
responses would be source of anxiety symptoms and would be aberrantly linked 
with frontal and cortical regions in the impairments of cognitive functions. The 
modified fear network was derived from imaging modalities, such as the magnetic 
resonance imaging (MRI) and positron emission tomography. In spite of the current 
study, mentioning about fear network would be mostly related to PD; however, 
other types of anxiety disorders were also significantly associated with alterations 
in the fear-related areas, such as limbic and frontal regions [9–20]. Therefore the 
fronto-limbic network seemed to play the major role in the brain pathophysiology 
of anxiety disorders.

To understand the functional and structural perspectives of the brain, the neuro-
imaging would be a great tool for researchers. Among the neuroimaging modalities, 
the characteristics of relatively sufficient spatial and temporal resolutions of MRI 
would contribute to the substantial and significant roles in the translational medi-
cine, which can help the researchers explore the puzzle of mechanisms in the brain 
pathophysiology of anxiety disorders. The MRI also includes two major parts, such 
as functional and structural MRI, to survey the brain network. In the perspective of 
functional MRI, the task MRI and resting-state MRI would be the state-of-the-art 
modalities to realize the process of explicit mode and default mode in cognitive 
function of neurosciences. The task MRI can also be applied as the tool to discover 
the putative biomarkers of neurological and psychiatric illnesses, which can be uti-
lized as the target option for the medication treatment, psychotherapy, and the fur-
ther innovative treatment strategies. In this chapter, the content will be focused on 
the perspective of task MRI-based functional network in DSM-5 anxiety disorders, 
such as SAD, PD, specific phobia, GAD, separation anxiety disorder (SeAD), and 
selective mutism (SM). In this chapter, the phobia section will not include SAD. The 
common and distinct pathways of task MRI-based functional network between 
these anxiety disorders would also be discussed in the following sections.

 Task MRI-Based Functional Network in SAD

The SAD is characterized by aberrant socio-emotional processing [22], which 
might be linked with alterations in the frontal and limbic systems. The brain areas 
responsible for complex social cognitions include the prefrontal regions, such as the 
medial and superior frontal cortex. The face encoding during initial phase of mem-
ory formation might also play a role in the symptoms of social anxiety [23]. The 
task MRI study of scrutiny perception showed significant alterations in the 
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thalamocortical and fronto-striatal circuits. The increased functional connectivity 
between the ACC and limbic-related areas was observed in SAD during the height-
ened scrutiny perception due to the possibility of enhanced inhibitory ability for 
behavioral control [24]. The fearful face vs happy face task in SAD demonstrated 
insula hyperactivity and reduced functional connectivity between the insula and 
ACC for the cognitive control and emotional regulation [25], which also confirmed 
the important role of the ACC. In the study of emotional face task, greater responses 
of the ACC would be needed to shift the attention from social signals in controls 
when compared to SAD.  In addition, a negative relationship between ACC and 
insula activities occurred. Therefore the ACC might play a role in regulating the 
attention for social signals in SAD [26]. The GAD and SAD in the explicit emo-
tional regulation task showed reduced capacity for emotion regulation brain regions, 
such as the ACC, amygdala, and medial prefrontal cortex, which implied about the 
crucial role of fronto-limbic network in the task MRI-based pathophysiology of 
SAD [27]. The limbic and paralimbic regions might be linked with the attentional 
bias toward the internal threat and external threat in SAD. An internal threat task 
might activate the responses of the ACC, insula, and orbitofrontal cortex. On the 
contrary, the external threat task might be associated with hyperactivity in the pos-
terior cingulate cortex and middle temporal gyrus [28]. This study suggested that 
the different threat perceptions would activate different parts of brain regions and 
the ACC might be more specific to internal threat perception.

A study of Internet-based cognitive behavioral therapy in SAD showed that the 
therapy would attenuate the amygdala responses and increase frontal activities in 
the affective face processing task [29], which also corresponded to the concept of 
fronto-limbic network in the task MRI-based brain network for SAD. Another study 
of unattended neutral face task in SAD also demonstrated a possible differentiation 
from healthy controls in the functional connectivity between the temporal pole and 
hippocampus [30], which suggested an intra-limbic network alteration in SAD. The 
whole brain analysis of amygdala-based functional connectivity in the emotion 
identification task showed that the network between the amygdala and frontal areas, 
such as the dorsomedial prefrontal cortex/ACC, would have greater circuit coupling 
during fearful faces sessions of the task. The maladaptive responses and chronic 
engagements of this fronto-limbic network would predispose the SAD patients to 
have anxiety symptoms [31]. The SAD patients also had dysfunctional amygdala 
regulation during viewing the emotional faces, such as the harsh face [32]. The 
working memory task containing the face of self-referential negative comments 
would stimulate the responses in the frontal lobe, and the task-related regions would 
have significant associations with the amygdala during resting-state analysis [33]. 
The GAD and SAD patients both had significant reduced activations in the dorso-
lateral prefrontal cortex during working memory task, which suggested that clinical 
anxiety might be associated with cognitive deficits, rather than just a consequence 
of threat [34]. The task MRI and resting-state MRI also showed a modest distinction 
in the brain network representations for SAD. The fearful face task would reduce a 
functional connectivity between the amygdala, dorsolateral prefrontal cortex, and 
rostral ACC.  The resting-state MRI showed a reduced connectivity between the 
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amygdala and rostral ACC. The amygdala-dorsolateral prefrontal cortex coupling 
might be a phasic abnormality, and the amygdala-rostral ACC might represent both 
phasic and tonic abnormalities [12]. A meta-analysis of gray matter study results in 
SAD, GAD, PD, and specific phobia also confirmed the significant structural patho-
physiology of frontal areas, such as the ACC and medial prefrontal cortex, in the 
anxiety symptoms [35]. In spite of the structural research of the meta- analysis, the 
results can support the crucial role of frontal lobe in the fronto-limbic network alter-
ations in task MRI studies of DSM-5 anxiety disorders. The social anxiety symp-
toms can be relieved by oxytocin using the mechanism to dampen the amygdala 
over-response and modulate the functional connectivity between the amygdala and 
ACC during the processing of fearful faces [36]. A similar fronto- limbic network 
alteration in SAD was also found in the amygdala-orbitofrontal cortex/dorsolateral 
prefrontal cortex during the facial emotion identification task, which can confirm 
the importance of fronto-limbic network in the task MRI-based network for SAD 
[37]. The network-based statistics for resting-state MRI based on the seeds of previ-
ous task MRI study results also confirmed the importance of fronto-limbic circuit 
(fear circuit) in SAD [38]. The GAD and SAD patients also had the common altera-
tions of less engagement of the ACC and less functional connectivity between the 
amygdala and ventrolateral prefrontal cortex during the reappraisal- based emotion 
regulation task [39], which implied about the significance of fronto-limbic network 
in anxiety disorders. Another meta-analysis of task neuroimaging studies in SAD 
confirmed the hyper-activation of fear network, such as the amygdala, insula, ACC, 
and prefrontal cortex. However, the study revealed additional regions beyond the 
fronto-limbic circuit, such as the hyper-activation in medial parietal and occipital 
regions and reduced functional connectivity of parieto- fronto- limbic regions [40]. 
The role of insula might be related to the dense connections with fronto-limbic net-
work for the processing and integration of sensory inputs from the somatosensory 
cortex and visual cortex [41]. In addition to the insula, another region regulating the 
complex sensory inputs to integrate frontal and limbic systems, the pulvinar nucleus, 
had heightened influences on the high-order visual areas and frontal lobe in the 
effective connectivity analysis under the emotional face processing task [22].

In summary, the core components of task MRI-based network in SAD should 
include the fronto-limbic network. The frontal region, such as the ACC, might be 
responsible for emotional face, scrutiny perception, reappraisal-based emotion reg-
ulation, and internal threat perception tasks. Another frontal region, the dorsolateral 
prefrontal cortex, might be crucial for working memory task. The limbic region, 
such as the amygdala, might be responsible for emotional face, scrutiny perception, 
reappraisal-based emotion regulation, and unattended neutral face tasks. The fronto- 
limbic network should be the crucial regions for task MRI-related pathophysiology. 
However, the significance of additional components, such as insula, pulvinar, pari-
etal, and occipital regions, should not be ignored and would be discussed in the 
eighth section of this chapter.

C.-H. Lai
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 Task MRI-Based Functional Network in PD

The anticipatory anxiety about hyperventilation and potentially threatening bodily 
symptoms would be the core symptoms of PD. The anticipation of hyperventilation 
in guided hyperventilation task would activate the ACC, insula, and other frontal 
regions. The activation of the ACC was significantly correlated with reported fear of 
body somatic symptoms, which can support the role of the ACC in the anxious 
apprehension and pathophysiology of PD [42]. The amygdala heightened response 
has been discovered in PD patients when they were processing fearful faces, which 
might suggest the importance of the amygdala in the maladaptive responses to 
threatening visual stimuli in PD [43]. The study of masked affective face processing 
task in PD and phobia also found the fronto-limbic network alterations with 
increased activity in the amygdala and decreased activity in the ventromedial pre-
frontal cortex [44]. The fronto-limbic network still plays a role in the task MRI- 
based pathophysiology of PD.  A study of fearful facial affect recognition task 
showed that PD patients had less activations in the ACC. The chronic PD patients 
would have less amygdala activity in response to fearful face. The activities of the 
ACC were negatively correlated with anxiety level in PD. The study results sug-
gested that chronic hyperarousal might diminish attention and emotional response 
via the atypical findings in amygdala-ACC network [45]. The study about discrimi-
nation between SAD and PD during emotional face perception task showed that 
reductions in hippocampus-temporal pole functional connectivity would be more 
specific for SAD, while unattended angry face perception [30], which might suggest 
the alterations in the intra-limbic network, would not occur in PD.

In the study of emotion regulation task and threat processing task in PD, a better 
predictor for the treatment response of cognitive behavioral therapy would be 
greater activations in the dorsolateral prefrontal cortex and insula during threat pro-
cessing [46]. It also corresponded that the cognitive behavioral therapy could reduce 
the hyper-activation in several limbic regions and frontal regions, which were 
responsible for the fear memory, threat monitor, and maladaptive emotion regula-
tion [47]. The study also emphasized the significance of frontal area in the task 
MRI-based pathophysiology of PD. Another study of emotion regulation task found 
that PD patients would have increased limbic-prefrontal activations while viewing 
negative images naturally and cognitive reappraisal with intentional regulation 
might attenuate the limbic-prefrontal activations during the perception of negative 
images. The maladaptive regulation strategy in PD might be related to the abnormal 
hyper-activation in frontal areas [48]. However, a study of emotion regulation task 
in GAD and PD suggested that prefrontal cortex hypofunction and the subsequent 
impaired top-down regulation would predispose PD patients to have emotion dys-
regulation [49]. The emotional Stroop task also increased the activity of the frontal 
regions, which suggested the altered processing of emotion-related stimuli in PD 
[50]. The structural study focusing on the common structural traits of anxiety patho-
physiology also showed that the dorsolateral prefrontal cortex might be linked with 
worry and fear. In addition, the ACC neuroanatomical model might be more specific 
for anxiety [35], which can support the importance of frontal part in the 
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fronto-limbic network [51]. The role of additional area, such as the insula, might be 
related to the dense connections with fronto-limbic network for integrating sensory 
inputs from the somatosensory cortex and visual cortex [41]. The insula is crucial 
for the integration of the filtered sensory information via the thalamus from the 
visuospatial and other sensory inputs related to the occipital, parietal, and temporal 
lobes [51]. Another study of fear conditioning task demonstrated the inhibitory cou-
pling of ACC-amygdala network would predict the treatment response toward the 
exposure therapy in PD patients with long allele polymorphism of serotonin genes 
[52]. The pure PD without comorbid depression would have reduced activation of 
fronto-insula network after cognitive behavioral therapy [53]. The fear conditioning 
task would activate fear circuit during early acquisition, especially in the insula and 
amygdala. Then extinction recall task would have significant fronto-insula activa-
tions in PD patients [54]. The panic-related scene task also provoked the activations 
of amygdala-ACC network accompanied with the insula, thalamus, and brain stem. 
The fear of cardiovascular symptoms and the fear of respiratory symptoms were 
associated with insula and brain stem activations, respectively [55]. In a study to 
find the common and distinct abnormalities in PD, GAD, and SAD during the facial 
emotion matching task, the activation of the insula seemed more specific to the 
pathophysiology of PD [56]. A different task, attention network task, showed an 
alerting network consisted of fronto-parietal regions in the task MRI-based patho-
physiology in PD [57]. The complex motor paradigm task of non-dominant hand 
showed decreased activation in bilateral putamen of PD patients [58].

From the above references, I summarized that different kinds of tasks would 
activate different regions and networks in PD. In the fearful face recognition task, 
panic-related scene task, hyperventilation task, and emotion regulation task, the task 
MRI-based functional connectivity would be altered in the fronto-limbic network, 
especially for the ACC and amygdala. The frontal hyper-activation or hypo- 
activation would influence the ability to control limbic-related fear and anxiety 
response. The insula’s role would be more emphasized in the panic-related scene 
task and hyperventilation task. The inconsistent phenomenon of frontal activity 
might be related to the course of PD, such as acute and chronic phase. In the 
cognition- related task, such as the fear conditioning task, emotional Stroop task, 
and attention network task, the role of frontal regions would be more significant and 
combined with the insula to form fronto-insula network. However, the role of limbic 
system can’t be ignored in the cognition-related task. At last, the motor task would 
predispose to activate the motor-related regions, such as the putamen. The fronto- 
limbic network is still crucial for the task MRI-based pathophysiology in 
PD. However, the role of the insula in the pathophysiology and treatment seemed to 
be more significant in PD than other kinds of anxiety disorders, except SAD.

C.-H. Lai
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 Task MRI-Based Functional Network in Specific Phobia

The identification task for phobic stimuli in specific phobia patients showed a pat-
tern of alterations in the fronto-limbic regions, including the amygdala, ACC, and 
dorsomedial prefrontal cortex. The amygdala was responsible for the automatic pro-
cessing of stimuli. The ACC and dorsomedial prefrontal cortex were associated with 
direct threat evaluation under sufficient attentional resources [59]. In the study of 
masked affective processing task, the significant alterations in fronto-limbic net-
work were also found in ventromedial prefrontal cortex and amygdala areas of spe-
cific phobia patients [44]. The blood-injection-injury phobia and animal phobia 
patients significantly had lack of ability to inhibit the exaggerated amygdala 
responses by the ACC, which meant that certain alterations in the ACC-amygdala 
network would disturb the emotion regulation process within fear circuitry net-
works [60]. The gray matter alterations in the ACC and prefrontal cortex can also 
provide the structural basis to prove the importance of frontal areas in the patho-
physiology of specific phobia [35]. The fear processing task in spider phobia would 
induce amygdala activity which was originated from a fast subcortical pathway 
mediated by the pulvinar nucleus. The glucocorticoid administration would sup-
press the aberrant amygdala-occipital network interactions [61]. The patients with 
animal phobia had no greater activation in the striatal regions during implicit 
sequential learning paradigm, which was different from the results of obsessive 
compulsive disorder [62]. The emotional counting Stroop task in the patients with 
animal phobia also showed alterations in the fronto-limbic network, such as the 
ACC, inferior frontal cortex, dorsomedial prefrontal cortex, amygdala, and thala-
mus, which was associated with attentional abnormalities [63]. The anticipation and 
immediate perception phase of phobia picture stimuli caused the significant activa-
tions in the defensive behavior-related regions, such as the amygdala and hippocam-
pus, of animal phobia patients. However, such an activation pattern was not observed 
in dental phobia patients [64], which might suggest that greater impacts on the lim-
bic system of patients with animal phobia. The introspection task of dental images 
would elicit the activations of pain modulatory areas in the frontal lobe, such as the 
dorsomedial prefrontal cortex [65], which emphasized the important role of frontal 
regions in the task MRI pathophysiology of dental phobia. However, another study 
of dental phobia using audiovisual phobic stimuli in dental phobia showed ACC- 
amygdala- insula network alterations, which might be alleviated by the brief hypno-
sis therapy [66]. The study about the exposure therapy augmented with D-cycloserine 
in the treatment of snake phobia showed a relieving effect on the frontal areas, 
including the ACC and medial orbitofrontal cortex [67]. Another study using cue- 
conditioning task in spider phobia showed that early fear acquisition was associated 
with activations in occipital regions and extinction recall was associated with deac-
tivations in the precuneus, which suggested enhanced differential fear retention and 
altered brain activation patterns from other kinds of anxiety disorders [68]. However, 
no further studies replicated the results mainly focused on the parieto-occipital 
network.

1 Task MRI-Based Functional Brain Network of Anxiety
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In summary, different tasks can determine the findings in the brain network of 
specific phobia. The major components of brain network involving in the task MRI- 
based functional connectivity model for specific phobia still relied on fronto-limbic 
network, especially for the ACC and amygdala. In the fear processing task, emo-
tional regulation task, and emotional counting Stroop task, the crucial role of fronto- 
limbic network seemed established in specific phobia. The visual cue condition in 
the specific phobia might also activate parieto-occipital regions. However, the 
importance of visual-related network might need further study to be proved in spe-
cific phobia.

 Task MRI-Based Functional Network in GAD

Excessive and uncontrollable worry is the core symptom of GAD, which might be 
associated with the worry perseveration and “as many as can” worry. The pathologi-
cal worry pattern might be linked with alterations of fronto-limbic regions, such as 
the amygdala and prefrontal cortex, to handle the external threat via the heightened 
arousal and distress state [69]. The GAD patients had greater response to fearful 
face in the face emotion rating task. The activations would be distributed in the 
fronto-limbic network, including the amygdala, ACC, and ventral prefrontal cortex. 
The functional connectivity analysis showed positive correlations among these 
regions [9]. The masked angry face task in pediatric GAD also showed a negative 
coupling between the amygdala and ventrolateral prefrontal cortex, which sug-
gested that frontal region might be unable to suppress the limbic hyperactivity in 
GAD [70] and the fronto-limbic network alterations might be endophenotype for 
GAD due to such consistent findings in pediatric and adult GAD. A study of emo-
tional face task using region-of-interest strategy of hippocampus found that a 
decreased anterior hippocampus connectivity network with the ACC would be 
observed in GAD [71]. Another study of facial emotion processing task showed that 
cognitive behavioral therapy would attenuate the amygdala-ACC activation to fear/
angry faces [72]. Another kind of task, the fear generalization task, showed that 
GAD patients would have less discriminating activities in the meso-cortical and 
mesolimbic networks, which might suggest the importance of ventral tegmental 
area-related network in the maladaptive threat processing and response in GAD 
[73]. The same study team used generalized conditioning of fear task to survey the 
endophenotype of GAD. They found that GAD patients were impaired in identify-
ing the fear and safety cues due to the functional connectivity alterations between 
the ventromedial prefrontal cortex and other cortico-limbic structures, which might 
support the crucial role of fronto-limbic network in the task MRI-based pathophysi-
ology of clinical anxiety [20]. The later-life GAD in the face shape task showed a 
possible association between the anxiety and cerebrovascular burden, which might 
be mediated by emotion reactivity in the fronto-limbic network [74]. A dot-probe 
task study on neutral and fearful faces showed that youths with GAD, SeAD, and 
SAD had similar alterations in the fronto-limbic network, such as the ACC and hip-
pocampus. The abnormal disengagement of limbic regions still existed even the 
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attention was directed from threat of fearful faces [75]. It suggested common fronto- 
limbic network alterations in youths with GAD, SeAD, and SAD, which also con-
firmed the core structures of fronto-limbic network in task MRI-based 
pathophysiology of anxiety disorders. The later study of emotion identification task 
in GAD and SAD patients also found a pattern of alterations of fronto-limbic net-
work while identifying the fearful faces [31].

In the emotional regulation task, the GAD patients were unable to engage the 
ACC-related ability to dampen the elevated activity of the amygdala [76], which 
implied about the impairment in the spontaneous regulation of emotional process-
ing. The emotional conflict task also found that GAD patients failed to implicitly 
regulate emotion conflict, which was associated with the deficits in the activation 
and connectivity between the amygdala and ACC [77]. In a later study using the 
emotion regulation task, GAD and SAD patients were unable to increase the fronto- 
limbic network while viewing emotion pictures. Therefore GAD and SAD might 
have a reduced capacity to engage the emotion regulation network, such as the 
amygdala and medial prefrontal cortex [27]. In another study of emotion regulation 
task, GAD and PD had significantly lower activity in the dorsolateral and dormedial 
prefrontal cortex during reappraisal and maintenance [49]. The reappraisal-based 
emotion regulation task also replicated that less engagement of ACC activities and 
less functional connectivity of the amygdala-ventrolateral prefrontal cortex during 
anxiety [39]. The common deficits of gray matter over the ACC and prefrontal cor-
tex also could provide another kind of support to insist the importance of frontal 
regions in the pathophysiology of anxiety [35].

In addition to the emotion regulation and face-related tasks, some cognition- 
related tasks have been applied in the GAD. A kind of cognitive task, the continuous 
performance task, also demonstrated decreased functional connectivity between the 
ventrolateral prefrontal cortex and medial prefrontal cortex. In addition, the altered 
functional connectivity between the amygdala, posterior cingulate, and precuneus 
was observed during the continuous performance task. The continuous performance 
task would recruit additional mentalization-related regions, such as the precuneus 
and posterior cingulate [78]. The uncertainty condition, such as the gambling task, 
showed a decreased activity in the amygdala and might represent the disengagement 
of limbic regions while receiving the uncertainty challenge, which might be associ-
ated with the core symptoms of excessive worry [79]. Another study of gambling 
task showed that GAD patients had impairments in the fronto-limbic network, such 
as the amygdala and prefrontal cortex, which suggested that fronto-limbic network 
was also involved in the decision-making process of cognitive function. In addition, 
the repetitive transcranial magnetic resonance stimulation could normalize the func-
tional connectivity within the ACC regions of GAD patients [80]. A study of passive 
avoidance task in GAD also demonstrated the impaired function of reinforcement- 
based decision-making. The prediction error was significantly correlated with the 
reduced activities in the fronto-limbic regions, such as the ventromedial prefrontal 
cortex, ventral striatum, and other limbic areas. The impairments in prediction error 
and decision-making might suggest that GAD patients had alterations in the correct 
evaluation of reward and punishment for the threat reality check [81]. The study of 
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explicit verbal memory task in GAD patients showed that anxiety-inducing words 
would be associated with significantly increases in activities of ventrolateral pre-
frontal cortex [82]. GAD patients also would have an impaired performance in the 
working memory task, which was associated with altered activities in the fronto- 
limbic network, such as the dorsolateral prefrontal cortex, ventrolateral prefrontal 
cortex, amygdala, and hippocampus [83]. The cognition deficits in the frontal 
regions might be more responsible for the anxiety symptoms, rather than a threat- 
related consequence [34]. The cognitive inflexibility and autonomic rigidity might 
be the core issues of the cognitive deficits in GAD [84].

In summary, the emotion-related and fearful face tasks, such as the face emotion 
recognition task, emotion regulation task, emotion identification task, masked angry 
face task, and dot-probe task, might show the consistent findings in the fronto- 
limbic network of GAD patients. The fear generalization task showed the altera-
tions in additional ventral tegmental area, which is combined with the fronto-limbic 
regions to form a hypothesis in the meso-cortico-limbic network in GAD. The cog-
nitive task, such as gambling decision-making task, working memory task, and con-
tinuous performance task, mostly showed a consistent pattern of alterations in the 
fronto-limbic network, except for the additional findings in the posterior cingulate 
and precuneus during the continuous performance task in GAD.  Therefore the 
meso-cortico-limbic and fronto-limbic network might still play a crucial role in the 
task MRI-based functional connectivity model of GAD.

 Task MRI-Based Functional Network in SeAD and SM

The task MRI studies in SeAD and SM were relatively few compared to SAD, PD, 
GAD, and specific phobia. The reduced activation in the frontal region, such as the 
dorsolateral prefrontal cortex, has been found in SeAD and other anxiety disorders, 
which suggested that hypoactive prefrontal responses to the error processing of 
multisource interference task in anxiety disorders [85]. The emotional face match-
ing task in SeAD, GAD, and SAD showed that anxious youths would have altera-
tions in the activity of frontal regions. In addition, greater activities in the frontal 
regions would predict a better response to cognitive behavioral therapy and antide-
pressant treatment [86]. The mindfulness behavioral therapy could also relieve the 
anxiety symptoms of SeAD, GAD, and SAD. The improvements in anxiety symp-
toms were correlated with the changes in activation of the ACC and insula [87]. The 
dot-probe task of fearful faces in SeAD showed that reduced functional connectivity 
between ACC and hippocampus was correlated with greater anxiety, which also 
supported the importance of fronto-limbic network in the pathophysiology of SeAD 
[75]. Strawn et  al. mentioned that fear-based anxiety disorders, such as SeAD, 
GAD, and SAD, would have neuroanatomical and functional alterations in the 
fronto-limbic network, such as the ACC and amygdala. The altered functional con-
nectivity among the anterior limbic network regions and alterations of neurochem-
istry in the ACC also contributed to the core symptoms of the fear-based anxiety 
disorders. The anxious youths with behavioral inhibition temperament also were 
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prone to have the dysregulation status in the frontal regions, such as the medial 
prefrontal cortex. Their review article also emphasized the crucial role of fronto- 
limbic network [88].

For the SM, there was not enough study to explore the possible pattern of task 
MRI-based functional connectivity in this kind of anxiety disorder. However, sev-
eral studies about psychological mutism might shed a light on the pathophysiology 
of SM. The hysterical mutism would have alterations in the frontal regions, such as 
the inferior frontal, middle frontal, and sensorimotor cortex, during the vocalization 
task. During the speech recovery process, the activity of the inferior frontal cortex 
was positively correlated with that of the ACC and negatively correlated with that of 
the amygdala [89]. The connectivity to the ACC was also associated with the mut-
ism status [90].

From the above limited literatures, the multisource interference task, emotional 
face matching task, and the dot-probe task during fearful faces in SeAD showed a 
possible pattern of alterations in the fronto-limbic network, especially for the ACC 
and amygdala. For the SM, the role of frontal regions seemed more important than 
limbic regions within the fronto-limbic architecture. However, more studies of task 
MRI would be needed for SeAD and SM to confirm the possible role of fronto- 
limbic network in the brain network model for the pathophysiology of these two 
anxiety disorders.

 Fronto-limbic: Major Components of Task MRI-Based 
Functional Network

From the above literature review, the major components of task MRI-based func-
tional network might be the fronto-limbic network, including the ACC, dorsolateral 
prefrontal cortex, ventrolateral prefrontal cortex, amygdala, and hippocampus. The 
cognition-related tasks, such as gambling decision-making task, working memory 
task, continuous performance task, and attention network task, seemed to be consis-
tent to detect the alterations of frontal regions in anxiety disorders, especially for the 
prefrontal regions and ACC.  The limbic regions would also be altered in these 
cognition- related tasks. However, the role of limbic regions would be not superior 
to the frontal regions in the cognition domain of patients with anxiety disorders.

The emotion-related and fear-related tasks, such as face emotion recognition 
task, emotion regulation task, emotion identification task, masked angry face task, 
dot-probe task, fearful face recognition task, panic-related scene task, hyperventila-
tion task, fear processing task, scrutiny perception task, reappraisal-based emotion 
regulation task, and emotional counting Stroop task, would detect the alterations of 
limbic regions in anxiety disorders, such as the amygdala and hippocampus. The 
role of frontal regions, such as the ACC, might be not such significant as that of the 
limbic regions in emotion-related and fear-related tasks. However, the regulation 
role of frontal regions toward such altered emotion and fear originating from the 
limbic regions would be the major factor for the formation of clinic anxiety symp-
toms in anxiety disorders.
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The dorsolateral prefrontal cortex, ventrolateral prefrontal cortex, and ACC 
could regulate the excessive fear through the top-down mechanism to enhance the 
executive function processing and resolve the conflicts, which can improve the 
social understanding and play a major interface between cognition and emotion [45, 
91–96]. The amygdala would show greater responses toward the environmental 
threat and fear, which would subsequently process the elevated noradrenergic input 
from the locus nucleus [2, 6, 97]. The avoidance behaviors would also be associated 
with the phasic pattern of network associated with the amygdala [98]. The rostral- 
ventral amygdala pathway might be responsible for the preverbal processing of fear 
without attention and conscious monitoring. The fronto-limbic pathway might be 
responsible for high-order processing of signals attended by conscious cognition 
[99]. The alterations in fronto-limbic network would also predispose the patients to 
clinical anxiety symptoms [100]. The early-life anxiety model of primate species 
also indicated that reduced function connectivity between frontal regions and cen-
tral nucleus of the amygdala would be associated with elevated anxiety due to loss 
of control over the cognition and emotion [101]. Therefore the frontal regions can 
use the top-down mechanism, such as the cognition and executive function, to con-
trol the emotional responses and fears originating from the limbic regions in anxiety 
disorders. The alterations in fronto-limbic network of patients with anxiety disor-
ders would be crucial for the pathophysiology and might provide a potential target 
for future therapy and pharmacological agent.

Figure 1.1 would summarize the role of fronto-limbic regions in the task MRI- 
based functional network of anxiety disorders. The regions of fronto-limbic net-
work might be major components in such functional network model of task MRI 
field. However, the additional components beyond the fronto-limbic network should 
not be ignored, especially for the visual and sensory-related tasks. The detailed 
information of additional components would be addressed in the following 
section.

fronto-limbic network

insula
pulvinar 
nucleus

parieto-
occipital
ventral 

tegmental 
area

frontal regions 

ACC

prefrontal
coretx

limbic regions 

amygdala hippocampus

Fig. 1.1 The fronto-limbic network model and the additional components in the task MRI-based 
functional connectivity of anxiety disorders. (ACC anterior cingulate cortex)

C.-H. Lai



15

 Additional Components

The additional components of task MRI-based functional connectivity in anxiety 
disorders might be related to different kinds of tasks, especially for the visual- and 
sensory-based tasks. The neuroimaging meta-analysis study of SAD showed hyper- 
activation of fear circuit, which included insula and fronto-limbic network. In addi-
tion, the hyper-activation of parieto-occipital regions, such as the posterior cingulate 
cortex, cuneus, and precuneus, would also be observed in SAD [40]. The parieto- 
occipital regions would be more easily activated by the visual- and sensory-based 
tasks. The insula and pulvinar nucleus receive sensory inputs from somatosensory 
and visual areas. Therefore the alterations in the insula and pulvinar nucleus might 
be related to the sensory input characteristics of the cognition and emotion tasks. 
However, the dense connection of the insula and pulvinar nucleus with the limbic 
regions and frontal regions might play a possible role for task MRI-based functional 
connectivity in anxiety disorders. The alterations of parieto-occipital regions have 
been observed in SAD, GAD, and specific phobia. The alterations in the pulvinar 
nucleus were also observed in spider phobia. The alterations of the insula seemed 
more significant in PD and SAD than other anxiety disorders. The ventral tegmental 
area, which is also a part of limbic region, might be altered in GAD. The parieto- 
occipital regions might receive the sensory and visual inputs from these functional 
MRI tasks, such as face emotion recognition task, emotion regulation task, emotion 
identification task, masked angry face task, dot-probe task, fearful face recognition 
task, panic-related scene task, fear processing task, scrutiny perception task, 
reappraisal- based emotion regulation task, and emotional counting Stroop task. 
Then the pulvinar nucleus of thalamus would filter the sensory inputs from parieto- 
occipital regions. The filtered inputs, such as the visual, auditory, and tactile inputs, 
would be integrated in the insula due to its dense connection with the ACC, amyg-
dala, hippocampus, parieto-occipital regions, and motor cortex. The integrated and 
filtered sensory inputs would be processed by the fronto-limbic network to send the 
response to the motor cortex to generate the motor and behavioral responses while 
receiving those cognition, emotion, and fear tasks. Therefore the insula, pulvinar 
nucleus, parieto-occipital regions (posterior cingulate cortex, precuneus, and 
cuneus), and ventral tegmental area might be the additional components of fronto- 
limbic model for task MRI-based functional connectivity network in anxiety disor-
ders, especially for SAD, PD, GAD, and specific phobia (Fig.  1.1). The role of 
additional components might not be so significant in the SeAD and SM. However, 
due to the limited study in SeAD and SM, the role of additional components might 
be underestimated. The supportive role of additional components under the archi-
tecture of fronto-limbic network model would help us explain the task MRI-based 
pathophysiology of anxiety disorders in a more comprehensive viewpoint. The 
cooperation of fronto-limbic network with additional components should be crucial 
for researchers to understand the underlying theory of anxiety disorders and possi-
ble aids for the future treatment development.
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2Phenotype Network and Brain Structural 
Covariance Network of Anxiety

Je-Yeon Yun and Yong-Ku Kim

 Anxiety Phenomena Interacting with Other  
Clinical- Neurocognitive Phenotypes

 What Is the Phenotype Network?

Alike the Research Domain Criteria (RDoC) [1, 2] raised from the National Institute 
of Mental Health, network-based approach for psychological phenotypes does not 
presume the latent features or disorders from which several psychiatric symptoms, 
psychological characteristics, and neurocognitive performances arise, but assume 
the dynamical interactions among these phenotypes as they coexist, propagate, and 
inhibit other components within the network of mental phenomena [3, 4]. For dif-
ferential types of dataset from which the phenotype network is to be estimated, a 
Gaussian graphical model (regularized partial correlation network in which undi-
rected groupwise associations among the ordinal or continuous variables are esti-
mated) [5], an Ising model (a co-activation network to reconstruct the groupwise 
undirected interactions among the dichotomous variables) [6], a directed acyclic 
graph (a graphical presentation of Bayesian network, comprised of the probabilistic 
dependencies among the parental nodes (affecting) and sibling nodes (affected) and 
meeting the Markov property as the conditional probability distribution of sibling 
nodes within this network depends only upon the parental nodes) [7], or intraindi-
vidual covariance network (to derive the undirected intraindividual variation of 
z-transformed values for several psychological features per individual) [8] could be 
applied. For patients primarily diagnosed with anxiety disorder as well as who 
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suffer from comorbid anxiety symptoms, this framework of phenotype network 
might further uncover the precipitating factors of anxiety symptoms in diverse clini-
cal population, mediating the role of anxiety symptoms in propagating the after-
maths of stressors to other psychopathology, and also will be able to demonstrate 
the possible target of more effective therapeutic intervention for these patients.

 Gaussian Graphical Model

In the community-living children and adolescents, symptoms of panic disorder as 
well as social anxiety are well-demarcated as distinctive clinical syndrome that 
could influence other psychiatric symptoms of depressive mood and anxiety [9]. In 
the regularized partial correlation network (Gaussian graphical network) estimated 
from the diverse items of internalizing symptoms measured using a self-reporting 
questionnaire of “Revised Children’s Anxiety and Depression Scale” [10], clinical 
symptoms of panic disorder as well as social phobia are more selectively intercon-
nected as communities in the middle of other clinical symptoms such as major 
depression, separation anxiety, generalized anxiety, and obsessive-compulsive dis-
order for community-dwelling children and adolescents (N = 37,162); of note, indi-
vidual clinical symptom items related to panic, fear of making a fool of oneself in 
public, and worry are more highly ranked for their level of interconnectedness to 
several clinical symptoms within the network [9]. Moreover, the Gaussian graphical 
model applied to the childhood self-reporting measures of the Social Behavior 
Questionnaire [11] (acquired at 6, 8, and 10 years of age by parental reports) com-
bined with follow-up data regarding the prevalence of anxiety disorder at adoles-
cence (15 years of age) or early adulthood (23 years of age) could demonstrate the 
possible predictors for future prevalence of anxiety disorder from the childhood 
clinical symptoms of disruptive symptom (not liked by other children) in girls; as 
sustained suffering of “not liked by others” as observed by parents might be predic-
tive of future prevalence for anxiety disorders at adolescence or early adulthood, 
more attentive detection for as well as more targeted management of such clinical 
symptom would be required [12] (Fig. 2.1).

Moreover, trans-diagnostic interactions among the several coexisting clinical 
symptoms might be estimated using the phenotype network approach. For example, 
in patients diagnosed with eating disorder and having been recently cared for by 
way of the inpatient setting or partial hospital setting, anxiety symptoms (reported 
using the State-Trait Anxiety Inventory-Trait subscale [13]) were bridged to eating- 
related clinical symptoms (measured using the self-reporting questionnaire of 
Eating Disorder Examination Questionnaire version 4 [14]) including the “fear of 
losing control over eating” by way of “feeling overwhelmed” [15]; as the key player 
symptom [16] of “feeling overwhelmed” (in terms of the closeness and betweenness 
centralities; reflects the degree of direct information flow through the given node as 
well as the degree of mediating several nodes simultaneously, respectively) con-
nects several anxiety symptoms to the community of eating-related symptoms in the 
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Gaussian graphical model of eating symptom-depressive mood-anxiety phenomena 
for patients diagnosed with eating disorder, at least we hypothetically presume that 
more targeted therapeutic intervention for anxiety symptom of “feeling over-
whelmed” could result in more efficient reduction of eating-related symptoms by 

Fig. 2.1 Links between the Social Behavioral Questionnaire (SBQ) item network during child-
hood and occurrence of anxiety disorders at follow-up. (a) Network of the 21 items of the hyper-
activity (light green), attention (sea green), disruptive (green), and internalizing (blue) communities 
in the SBQ at age 6 years. The ANX node (red) represents the occurrence of anxiety disorders at 
follow-up. Each edge corresponds to a partial correlation (positive in blue, negative in red, with an 
absolute magnitude >0.03) between two items, and its thickness corresponds to the absolute mag-
nitude of the correlation. For instance, an edge between ANX and the like implies that indication 
of the like item at age 6 years was indicative of anxiety disorder diagnosis at follow-up (age 15 or 
22 years). (b–d) All edges are removed except relevant edges involving the ANX node in the net-
work at ages 6, 8, and 10 years, with no minimum absolute weight magnitude appearing in the 
graph (Figure 4 in [12])
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way of the tight association between “feeling overwhelmed” and “fear of losing 
control over eating” [15]. Further, by applying the modularity-based community 
detection analysis to the Gaussian graphical model estimated from the dataset of 
State-Trait Anxiety Inventory-Trait form gathered from adult community popula-
tion, current conceptualization of the trait anxiety (tendency of experiencing higher 
level of state anxiety in response to stimuli related to threat) [17] as single coherent 
construct in which two items of “presence of intrusive thoughts” and “being unable 
to get disappointments out of one’s mind” are tightly connected to other items of 
anxiety [as calculated using the centrality index of node strength (sum of the edge 
weights connecting a node to other nodes within a given network; reflects the sum-
mated strength of correlation between a component and other components)] is 
shown [18]. In short, network approach using the Gaussian graphical model could 
be successfully applied to uncover the patterns of interconnectedness as well as 
segregation among various psychiatric symptoms and psychological constructs.

 Ising Network

Patterns of interconnectedness among the clinical or psychological features con-
verted into the binary form (presence or absence of specific symptom) could be 
shown by way of the Ising network model [6]. The Ising model is originally bench-
marked from the physics and assumes the activation of a node within a given net-
work depends on the activation of its neighboring nodes, estimated using the 
combination of logistic regression with model selection based on a goodness-of-fit 
measures [6]. Of note, applying this Ising network framework into several datasets 
gathered from community population, coexisting patterns of comorbid anxiety with 
depressive mood [6] in addition to the effects of suffering from anxiety regarding 
the suicidal ideation [19] as well as empathic communication capacity [20] have 
been illustrated. In other words, specific anxiety symptom of “feeling anxious” 
shows exceptionally tighter connectedness [as evidenced from centrality measures 
(of node strength and betweenness centrality)] with other symptoms of cognitive 
depressive symptoms or somatic symptoms, measured using the self-reporting tool 
named Inventory of Depressive Symptomatology [21] from healthy adults and 
patients diagnosed with depressive or anxiety disorders [6]. Further, for school- 
attending adolescents, social anxiety symptom of “I feel I cannot get close to peo-
ple” could mediate the psychotic experiences (such as bizarre experiences, positive 
symptoms, and negative psychotic experiences) and suicidal ideation; this specific 
social anxiety component was highly scored for the betweenness centrality in the 
Ising network estimated from the binary dataset of the Community Assessment of 
Psychotic Experiences-Positive scale [22], the Brief Self-Report Questionnaire for 
Screening Putative Pre-psychotic States [23], and Columbia-Suicide Severity 
Rating Scale [24] [19]. From the perspective of social cognition and interpersonal 
communication, with self-efficacy for predicting others’ feelings, emotional 

J.-Y. Yun and Y.-K. Kim



25

concealment, active emotional expression, and emotional leakage, an anxiety fea-
ture of “agitation” does a key role for combining the diverse components of empathic 
communication network for medical students, as shown by higher scores of node 
strength as well as betweenness and closeness centralities [20] (Fig.  2.2). 
Collectively, recent network studies using Ising network demonstrate more detailed 
profile of symptom interaction among the cognitive and somatic facets of depressive 
symptoms or among the psychotic experiences and suicidal ideations, as mediated 
by general anxiety or social anxiety, respectively. Moreover, importance of control-
ling somatic anxiety (agitation) for better performance in empathic social commu-
nication is also revealed.

 Directed Acyclic Network

The Bayesian networks model the overall dependence structure of these multiple 
variables as visualized by way of directed acyclic graphs; the directed acyclic graph 
is comprised of the joint probability distribution of directed associations – from the 
parental nodes (upstream of arrow) to sibling nodes (downstream of arrow) – that 
can be decomposed as a product of conditional distribution of parental node(s). Of 
note, directional associations among the various clinical features including anxiety 
and worry as well as diverse environmental factors including stress-related features 
have been recently explored using the framework of Bayesian networks. In 
community- living adults, “worry” directly mediates the effect of stressors such as 
bullying toward several psychological discomforts including insomnia, depressive 
mood, and generalized anxiety [25, 26]. On the other hand, another study for 
community- living college students raised the possible effect of educational or thera-
peutic efforts to relieve the “fear of assertiveness in social situations,” a form of 
social anxiety, in enhancing the students’ immune against the peer-related verbal 
abuse (Fig. 2.3) [27]. In addition, by applying the dynamic Bayesian network [28] 
framework to the longitudinal dataset, all these psychological features of general-
ized anxiety, worry, and insomnia are strongly self-predictive for the status of 
18-month follow-up time point; on the contrary, other types of anxiety such as social 
anxiety and situational anxiety tend to fluctuate over the 18-month time passage 
[26]. In turn, as estimated from the community-dwelling female college students by 
way of the directed acyclic graph, intensity of social anxiety could directly influence 
the severity of pathologic subjective halitosis (a preoccupation with unpleasant 
mouth odor without objective confirmation) and olfactory reference syndrome (a 
preoccupation with the false belief that one emits a foul or offensive body odor) 
[29]. Collectively, these recent Bayesian network-based studies demonstrated the 
mediating role of “worry” as transmitting the influence of environmental stressors to 
be manifested as diverse forms of psychological discomforts, the enduring nature of 
generalized anxiety within an individual across time passage, and the cognitive bias 
for self-image and social interaction affected from the severity of social anxiety.
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Fig. 2.2 Changed community profiles in the emotion-empathy network (a) before and (b) after five 
modules of the Empathy-Enhancement Program for Medical Students. The emotion-empathy net-
works were estimated using the Ising model; community memberships were detected from the 
transformed weighted, undirected network using the InfoMap algorithm after the negative connec-
tions (red-colored edges; cf. positive connections tagged with green) were converted into absolute 
values. Spheres of a given color identify each distinctive community; among these spheres, a total 
of five hubs – stress, agitated (DASS-21: 11); empathy, predict feelings (EQ-short: 7); not showing 
even very intense feelings (EES: 12); cannot hide feelings (EES: 13); and not very emotionally 
expressive (EES: 15) – are indicated with tan-colored circles. The node identified by a gray- colored 
circle (“I do not express my emotions to other people” (EES: 3)) demonstrated a significant change 
in the clustering coefficient value (∗p < 0.015, based on the distribution of values calculated from 
the graph theory analyses for 5000 pseudo-networks, produced using random permutations for 80 
participant time points into 2 subgroups). (C) Regional network characteristics of the clustering 
coefficient, nodal strength, betweenness centrality, and closeness centrality values before (blue-
colored dots) and after (brown-colored dots) the Empathy-Enhancement Program for Medical 
Students. The global and regional network characteristics were calculated using the Brain 
Connectivity Toolbox and MATLAB R2016b software after the negative connections were con-
verted into absolute values. As a result, five nodes ranked ≤5 for two of the three centrality measures 

J.-Y. Yun and Y.-K. Kim



27

 Intraindividual Covariance Network

The majority of phenotype networks mentioned above were only able to estimate the 
groupwise interacting patterns of psychological features and environmental factors 
including stressors. On the contrary, the intraindividual covariance network could 
uncover the covarying profile of several psychological features within an individual 
that might be further used to predict the individual-level outcome. For instance, inter-
acting patterns of anxiety, depressive mood, personality traits including the sociality, 
and subdomains of neurocognitive performance in community- dwelling college stu-
dents were uncovered by way of the graph theory approach for the intraindividual 
covariance network, calculated using the Beck Depression Inventory total score, the 
Beck Anxiety Inventory total score, t-score of nine clinical scales of the Minnesota 
Multiphasic Personality Inventory-2, and performance scores of neurocognitive 

Fig. 2.2 (continued) (node strength, betweenness centrality, and closeness centrality) were selected 
as hubs (right-hand side of the figure). Moreover, the statistical significance of the changes in the 
clustering coefficient values was estimated from the distribution of values retrieved from network 
analyses for 5000 pseudo-networks (produced by way of random permutations for 80 participant 
time points into 2 subgroups) (∗p < 0.015). Abbreviations: DASS, Depression Anxiety Stress Scale-
21; EES, Emotional Expressivity Scale; EQ, Empathy Quotient-Short Form; JSE, Jefferson Scale of 
Empathy-S version (Figures 1 (for (a) and (b)) and 2 (for (c)) in [20])

Fig. 2.3 Directed acyclic network comprised of perceived, verbal abuse severity; psychopathol-
ogy; and social interaction patterns. Perceived, verbal abuse severity components of parents 
(VAPa_total), peers (VAPeer_total), and supervisors (VAPro_total) are shown, as are six further 
components directly connected to these components (red arrows) including (1) fidgeting when sit-
ting for a long time (AD_05); (2) problems remembering appointments or obligations (AD_03); 
(3) fear of assertiveness (LSAS1_AST); (4) low levels of interest and/or pleasure (PHQ_01); (5) 
psychomotor change (PHQ_08); and (6) irritability (GAD_06); all are rimmed with yellow circles 
(Figure 2 in [27])
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tasks (commission and omission errors for continuous performance test, reaction 
time for the trail making test parts A and B, perseverative error of the Wisconsin card 
sorting test, forward and backward spans of the digit span test); in other words, these 
variables became the nodes comprising the network, and intraindividual variation of 
the two different network nodes (z- transformed) was encoded as edge weights. 
Groupwise distribution of the node betweenness centrality values as well as the edge 
betweenness centrality values calculated per individual networks uncovers the cen-
tral influencing component of sociality (clinical scale 0(Si) of Minnesota Multiphasic 
Personality Inventory-2) in the intraindividual covarying profile of college students 
with more severe anxiety level [8]. Another exploration for the patterns of associa-
tions among the environmental stressors (verbal abuse), psychopathology, and social 
interaction revealed the roles of anxiety components including “nervous, anxious, 
and on edge” in addition to “restlessness” as principal connectors [reflected in the 
betweenness centrality values] that mediate the interactions among the perceived 
verbal abuse, depressive mood, anxiety, adult ADHD symptoms, diverse patterns of 
social interaction, and avoidance (social anxiety and avoidance, alcohol abuse, and 
smartphone overuse) with other key connectors of depressive mood components 
(“low interest or pleasure” and “poor appetite or overeating”) and verbal abuse com-
ponents (self-esteem damage and unjust blame) [27]. These exemplary studies [8, 
27] illustrate how to find the central influential component(s) to become a potential 
target of clinical follow-up as well as of therapeutic intervention among the several 
interacting psychological symptoms including anxiety and environmental factors, by 
applying the graph theory approach to the intraindividual covariance networks and 
deriving the centrality measures (Fig. 2.4 [27]).

 Conclusion

Network-based approach for anxiety-related psychological phenomena has been 
helpful in quantitative and pictorial understanding of qualitative dynamics among 
the diverse psychological phenomena as well as mind-environment interactions. 
Further trans-diagnostic approaches using larger dataset acquired with more sophis-
ticated measure of psychopathology-neurocognition-social cognition- environmental 
factors could yield more robust and informative study finding, to be applied for 
focused clinical follow-up and targeted therapeutic intervention of anxiety disorder 
patients.

 Neural Correlates of Anxiety Reflected in the Brain Structural 
Covariance Networks

 What Is the Brain Structural Covariance Network?

Brain structural covariance refers to the correlative patterns of diverse brain mor-
phological features such as cortical thickness [30], cortical surface area [31], 
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cortical and subcortical volumes [32], regional gray matter density [33], gyrification 
pattern [34], and myelination patterns [35], among differential brain regions com-
prising the brain, as calculated per participant (intraindividual brain structural cova-
riance) [36] or across the participants (inter-individual brain structural covariance) 
[37]. These covarying patterns of brain morphology partly overlap with longitudinal 
patterns of brain cortical maturation from childhood to early adulthood [38–41] 
(Fig. 2.5) as well as propagating pattern of brain morphological changes such as 
cortical thinning and brain volume reduction in patients diagnosed with neurologic 
or psychiatric disorders along the trajectory of disease progression [42–44]. Further, 
graph theory approach for these brain structural covariance networks could decipher 
the hierarchical distribution of brain morphological changes (including small-
worldness and modularity), in addition to the potential influencing brain regions 
that show stronger associations with several other brain regions (hubs) [45–47]. 
Collectively, using the frame of brain structural covariance network, researchers 
could estimate the dynamics of brain morphological changes among several brain 
regions from the cross-sectional data and also might be able to find the potential 
target(s) of therapeutic intervention among the hub regions (as uncovered from the 
graph theory approach).

Fig. 2.4 Heatmap (upper) and violin plot (lower) of rank-transformed betweenness centrality 
values calculated from the intraindividual covariance network (N = 5616) featuring perceived ver-
bal abuse components (averaged over parents, peers, and supervisors), psychopathology, and 
social interaction patterns. In the x-axis of the violin plot, the six most influential components 
(hubs; the top 12% nodes for rank-transformed betweenness centrality in >25% of participants at 
a network sparsity level of K = 0.1) are (1) low-level interest or pleasure; (2) poor appetite or over-
eating; (3) nervousness; (4) restlessness; (5) blaming oneself for what one has not done; and (6) 
feeling worthless, which are colored brown and marked with asterisks (Figure 3 in [27])
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 Neural Underpinning of Anxiety Disorder Explored Using 
the Brain Structural Covariance Network

Till now, only a few studies applied the brain structural covariance network to the 
brain of patients diagnosed with anxiety disorder(s). Among others, possibly reflect-
ing the abnormal profile of cortical development in panic disorder regarding the 
cortical surface area expansion as well as cortical folding, a previous study for the 
brain structural covariance network of local gyrification index diagnosed with panic 
disorder at adulthood demonstrated attenuated interconnectedness between the pos-
terior cingulate cortex and precuneus versus other brain regions of default mode 
network (including the medial prefrontal, inferior parietal, and medial temporal cor-
tices) in patients who suffer from severe panic symptoms (defined as the total score 
of the Panic Disorder Severity Scale >9) in terms of the covariance of local gyrifica-
tion index, compared to not only healthy controls but also to patients with milder 
panic symptoms [48].

Fig. 2.5 Comparison of the population-based structural covariance and subject-based matura-
tional coupling approach. (a) Regional cortical thickness based on autonomic anatomical labeling 
(AAL) template is first computed. Correlation of cortical thickness between two regions across a 
population is computed; doing so for all regions leads to the population-based structural covari-
ance matrix (first row). In the proposed method, maturational coupling (defined as the similarity in 
the change of cortical thickness across the three time points; see Methods for details) between two 
regions of a subject is computed; doing so for all regions leads to the subject-based maturational 
coupling matrix (second row). (b) Whole-brain and (c) hemispheric-level comparison of structural 
covariance matrix (SCM) and averaged maturational coupling matrix (MCMav). Note the strong 
correlation (r > 0.8) between the two matrices at whole-brain and hemispheric comparisons. For 
better interpretation, the binarized matrices (at sparsity 13%) were (d) compared and (e) visualized 
on a brain template (see Methods for details). Note the strong overlap between the two matrices 
(71%) localized in homologous and near-neighbor cortical regions (Figures 3 (for (a)) and 4 (for 
(b)–(e)) in [41])
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 Anxiety in Other Psychiatric Disorders and Nonclinical Population

Brain structural covariance network that reflects the groupwise covarying patterns of 
regional cortical-subcortical volumes for children and adolescents who suffer from 
epilepsy and comorbid anxiety revealed higher harmonic mean values (a measure of 
network integration; higher values indicate lower level of network integration) and 
transitivity (an index of network segregation; reflects degrees of triplet connections 
among the network nodes) compared to both healthy controls and other non-anxious 
epilepsy patients [49]. On the other hand, in adult patients diagnosed with Parkinson’s 
disease, severity of anxiety measured using the Beck Anxiety Inventory was 
inversely correlated with the strengths of brain structural covariance [of regional 
gray matter densities among different brain regions] between the left dorsal caudate 
nucleus-putamen and right caudate nucleus, between the right dorsal caudate nucleus 
and the right inferior frontal gyrus, and between the left nucleus accumbens and 
right caudate nucleus as well as the left dorsolateral prefrontal cortex; in other 
words, reduced covarying tendency of regional gray matter density among the con-
tralateral striatal regions as well as in the prefrontal-striatal regions was associated 
with more severe level of anxiety for patients diagnosed with Parkinson’s disease 
[43]. Further, exposure to severe stressors such as intimate partner violence, even 
without prevalence of psychiatric disorder(s), distorts the covarying patterns of brain 
morphology (named cortical thickness and subcortical volume) so that cortical 
thickness of the caudal anterior cingulate and precuneus and the thalamic volume 
become the most densely associated brain regions within the victims’ brain com-
pared to controls without prior exposure to intimate partner violence [50].

 Conclusion

Previous studies that used the brain structural covariance network with or without 
graph theory approach could show neural correlates of specific anxiety disorder 
such as panic disorder and also elucidate the neural underpinning of anxiety symp-
tom severity in diverse psychiatric and neurologic disorder patients. Further, recent 
suffering from interpersonal stressors or trauma was also reflected in the altered 
profile of brain structural covariance network. More rigorous cohort-based studies 
for neural correlates of diverse anxiety symptoms such as social anxiety and specific 
phobia, in addition to the more active exploration for neural imprints of diverse 
stressors, from the perspective of altered brain structural covariance profile might be 
helpful for understanding the whole-brain dynamics of brain morphological changes 
in association with suffering from stress and anxiety.
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Disorders

Poppy L. A. Schoenberg

 Concepts: Overview and Some Definitions

 The Electrical Structure of the Brain

The neuroelectrical architecture of the brain is intricately complex, with the average 
system consisting of an estimated 2.0–5.0 × 1011 cortical neurons arranged in mul-
tileveled neuronal assemblies that transfer information via poly-frequency electrical 
pulses transmitted by a conjectured 1014 synapses, approximately 2000–5000 
“tagged” to each neuron. Neuronal cells, and their network dynamics, are funda-
mental to higher-order brain function in terms of coding and computation, such as 
calculation, strategy, decision-making, and consequent directed output or behaviors 
[1]. Electroencephalography (EEG) provides a noninvasive and economical tech-
nique to record postsynaptic activity from pyramidal cells in the brain constituting 
action potentials “locked” with millisecond resolution to default and other “states,” 
in addition to specific responses to stimuli and processes during tasks/stimuli. 
Macroscopically, firing of densely numbered “nets” of neurons synchronizes and/or 
desynchronizes at frequency patterns extracted from the EEG signal. The utility of 
equating discrete oscillatory patterns with particular microcircuitry or distinct func-
tional processes may be questionable in absolute terms since the EEG signal and its 
morphology reflect a larger scope of microcircuit configurations [2, 3]. The EEG 
state-space multidimensionality of neurophysiological activity is vast wherein neu-
ral microcircuitry gives rise to dynamics at cellular, cortical, and cortical sheet 
scales producing the time/frequency/spatial dimensions of the EEG signal. 
Physiologically, however, populations of neurons are evident in relatively small 
subsets of possible configurations across all these scales instantaneously [4]. This 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-32-9705-0_3&domain=pdf
mailto:poppy.schoenberg@vanderbilt.edu


36

added level of complexity has yet to be fully translated into clinical biomarker 
research, since the majority of EEG clinical studies focus on the resulting oscilla-
tions that are both linearly and nonlinearly related to these dynamics. From this 
clinical perspective, however, relative differences in oscillatory dynamics in anxiety 
disorders (vs. nonclinical controls) do have merit in terms of elucidating disorder 
etiology, course trajectory, and predictors of treatment response. For example, oscil-
latory patterns characterizing disorders provide electrocortical targets for subse-
quent alteration of electrical activity and brain organization via active (e.g., 
neurofeedback, brain training, cognitive restructuring) and passive (e.g., neuromod-
ulation via pharmacology, transcranial magnetic simulation, optogenetics) precision 
medicine modalities.

 EEG Functional Network Connectivity

Neural oscillations are generated from multiple biophysical mechanisms, across 
various spatial/temporal scales and microcircuitry comprising intrinsic/extrinsic 
properties, making oscillation-to-symptom correlations challenging. Nevertheless, 
oscillations are the most ubiquitous property of EEG and observed across the ner-
vous system at multiple scales, thus providing an informative window into the com-
plexity of the neurophysiological system. Globally, neural oscillations appear to 
have functional significance in terms of human consciousness, pertaining to affec-
tive, cognitive, motor, and perceptual domains [2] (albeit via multidimensional 
mechanisms across scales of cortical organization and function). This appears to be 
modulated by context-dependent temporal synchronization of oscillatory architec-
tures that facilitate network organization and binding dynamics towards specialized 
functionality [6]. Neuronal oscillations appear necessary for (1) specific informa-
tion coding, (2) orchestrating brain attentional states, and (3) facilitating communi-
cation between neuronal assemblies towards the creation of specific dynamic 
workspaces, particularly pertinent for executive functions [5].

Therefore, stratifying patterns of oscillatory network connectivity across space- 
time- frequency domains so to grant mechanistic value to anxiety disorders poten-
tially offer more accessible clinical insights. Neural connectivity, in broad terms, 
pertains to an array of techniques defining cortical function as connectivity “net-
works” via spatially discrete neurophysiological events [7]. Theoretically, networks 
are described in terms of “nodes” and “edges,” wherein edges connect nodes within 
the network topology. Additional geometric structure pertains to the nodes and 
edges embedded within the state-space of the brain. Graphical representation of the 
network topology visualizes germane connections by a vertex-edge matrix, assigned 
with real or complex values depending upon the connectivity analysis conducted 
[7]. Categorically, neural connectivity can be defined as (1) the arrangement of the 
fiber tracts that physically connect different brain regions (structural connectivity) 
[since structural connectivity is primarily visualized through neuroimaging such as 
diffusion tensor methods, then this chapter will focus on functional and effective 
EEG connectivity patterns in anxiety]; (2) the characterization of functional 
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interactions of neuronal networks, with no assumptions regarding the underlying 
biology (functional connectivity); and (3) the influence that one constellation within 
the neuronal system, or network cluster, exerts over another (causality) towards 
integrated cortical action and output (effective connectivity) [7, 8] .

The function of any brain component, whether it be the cortical-, subcortical-, 
population- (e.g., neuronal assemblies), or cellular- (e.g., neuron) level, is defined 
primarily by its connection within and between the entire brain system. While this 
concept largely represents a theoretical abstraction based on mathematics/statistics 
(outlined later), it is also rooted in an embodied physiological reference via the 
neuroanatomy and physiology of intrinsic and extrinsic connections [9]. The latter 
couple discrete cortical areas, whereas the former are confined to the cortical sheets 
(layers in the perpendicular dimension defined by the density/morphology of neu-
rons). Cortico-cortical connections have distinct properties that dictate functional 
applicability/suitability within a hierarchical structure comprising forward and 
backward connections. Whether a connection serves a forward/backward function 
is based on its cortical trajectories or layers of origin and termination, i.e., connec-
tivity routes/pathways [7, 9]. Albeit, one cannot assume any linearity regarding such 
pathways, since the brain as a neuronal system is inherently nonlinear representing 
a highly open and complex dynamic system, and as such brain symptom dynamics 
and associated clinical pathways require the assumption of multidimensionality [10, 
11]. This has implications at the level of functional and effective EEG connectivity 
applications and ensuing interpretation of data for anxiety disorders.

 Methods: EEG Brain Connectivity and Network Measures

This section provides a (rather coarse-grain) primer of the main methods, and 
related theory, to extract functional/effective connectivity network information from 
the EEG signal, particularly for the clinician or researcher without a background in 
neurophysiology/electrophysiology, computational neuroscience, and/or modeling. 
Neural connectivity is often synonymous with EEG “synchrony” or “coherence,” 
although these terms can be referred to, and interchanged, rather loosely, since their 
calculation may be more nuanced. Mathematically, both functional and effective 
connectivity are ascertained via statistical principles and mathematical algorithms 
so to characterize linear and nonlinear connectivity between and within cortical 
regions. Since functional connectivity is derived from temporal correlations between 
remote neurophysiological events [10, 12], such as correlational and coherence 
analyses in the frequency-spatial and temporal-frequency-spatial EEG domains, 
then mathematically the edge matrices (between nodes within the network) are 
undirected, thus symmetric (unless time-lagged correlations) although not necessar-
ily binary [7]. Alternatively, effective connectivity is derived from estimations as to 
the causal influence one neural component exerts on another [13] (at whichever 
system level), and consequently the edge matrices are directed, possibly asymmet-
ric and non-binary [7]. For comprehensive technical particulars and mathematical 
formulae, if of interest, see here [8, 13]. There are many techniques to characterize 
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(bivariate, partial, undirected, and directed) connectivity in the brain, with one study 
benchmarking 42 methods with ~104 simulated datasets generated from five types 
of models characterized by differing connectivity structures [14]. Some theoretical 
overview as to the most viable applications for EEG clinical data, most salient to the 
extant anxiety evidence base, and perhaps to also spark interest in the multiplicity 
of applications for readers’ own anxiety patient datasets/research programs is as 
follows:

 Functional Connectivity Measures

Bivariate Connectivity (1) Coherence is presently widely utilized, largely due to 
its simplicity, and essentially pertains to a covariance statistical application to the 
processed EEG data. This may include linear cross-correlation between the time 
series from two separate electrodes of a specific frequency band. The cross- 
correlation function ascertains unidirectional interactions that exert the largest influ-
ence within the data at a specific time delay; alternatively, Pearson correlation 
coefficient is a nondirectional measure of connectivity that does not factor the tem-
poral structure of the EEG data [13]. (2) Phase synchronization is another bivariate 
measure in multichannel EEG providing a preferable alternative to coherence [15] 
since it is independent from the spectra amplitude that can be contaminated by arti-
fact, although it has shown comparable statistical outcomes applied to real-world 
data [16]. Phase synchronization is rooted in the concept of chaotic systems and 
pertains to the difference of instantaneous phases of two synchronized oscillators 
that remain constant during a “phase-locked” state, while the amplitudes of phase- 
synchronized systems can be uncorrelated. Complete synchronization is when both 
phase and amplitudes of the two oscillators are highly correlated [17]. There are 
various measures of phase synchronization, dependent upon hypotheses, experi-
mental design, and preprocessing steps of the EEG signal. Some examples include 
phase slope index (PSI) (assumes time-lagged linear interactions), phase locking 
value (PLV) (the application of coherence equation to amplitude normalized FFT), 
phase lag index (PLI) (estimates distribution of phase differences across observa-
tions so to determine phase coupling that are invariant against common sources, 
such as the issue of volume conduction and/or active reference electrodes in EEG 
applications [18]), and pairwise phase consistency (quantifies distribution of phase 
pairwise differences across observations) [13].

Multivariate Decomposition such as functional principle component analysis 
(PCA) and independent component analysis (ICA) methods. PCA orthogonally 
transforms the connectivity of each patient into subject-specific vectors or func-
tional principal component (FPC) scores. FPC values lend the visualization of vari-
ability in connectivity between patients, such as examining joint and marginal 
distributions of FPC values so to detect subpopulations, in addition to using regres-
sion models to quantify predictors of response [19]. ICA defines spatial maps and 
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associated temporal courses (or “independent components”) as representations of 
network nodes. Moreover, if a low number of components are estimated (low ICA 
dimensionality), then each ICA component could be considered as a discrete net-
work, albeit representing a rather gross-level complex functional system [20]. The 
value of decompositions from PCA and ICA is to provide independent variables for 
variance and regression models so to detect relationships between neural connectiv-
ity and dependent clinical/outcome variables, for example, in anxiety populations. 
Partial least squares (PLS) regression also aims to explain as much as possible the 
covariance between two sets of explanatory/independent and dependent variables 
via uncorrelated variables that represent components or “latent (intuitive or hidden) 
vectors” [21].

 Effective Connectivity Measures

Structural Equation Modeling (SEM) (a) Specifies the causal connectivity 
among EEG variables (i.e., source localization, current density) as an anatomical 
structure, (b) describes the causal effects, and (c) assigns explained and unexplained 
interregional variance within the structure [22, 23]. This is achieved by modeling a 
set of linear structural equations comprising observed variables and parameters of 
the EEG signal. Variables in the equation may be endogenous (dependent) or exog-
enous (independent). The ensuing model, or path analysis, represents the influence 
of regions on each other via the putative anatomical connections.

Dynamic Causal Modeling (DCM) Specifies EEG spatiotemporal connectivity (in 
a bilinear state-space) derived from differential equation modeling, where inferences 
regarding the temporal dimension are formulated in terms of architecture and under-
lying neuronal dynamics. This is based on the assumption that the EEG data may be 
modeled as the response to experimental perturbations within a dynamic input-out-
put system. Various components are estimated from forward and inverse modeling so 
to define the model parameters, and thus a certain degree of a priori knowledge about 
the network is required. The forward process involves ascertaining differential 
responses to discrete experimental factors giving rise to changes in connection 
strength within or between sources, constituting a final spatiotemporal model repre-
senting nonlinear state-space with unobserved (or hidden) neuronal states. The 
inverse (backward) process estimates the model parameters that best fit how the 
observed data have been generated [24].

Granger Causality (GC) Assumes that a causal influence is present if the statisti-
cal information about the first (e.g., temporal frequency) series improves prediction 
of the second series [25]. Partial directed coherence (PDC) and directed transfer 
function (DTF) describe the frequency domain of GC [26, 27]. Linear vector autore-
gressive (VAR) modeling is often utilized for GC and estimates the stochastic time 

3 Linear and Nonlinear EEG-Based Functional Networks in Anxiety Disorders



40

series data in which the value of a variable at one time point is modeled as a (linear) 
weighted sum from its own preceding discrete time points and the preceding time 
points of another/set of other variables [28]. Univariate (VAR) and multivariate vec-
tor autoregressive (MVAR) modeling ascertain “granger causality” in EEG data, 
albeit due to the nonlinearity of the brain state space, it is not without its limitations 
[29]. For example, prerequisites for GC application involves requiring that the inter-
action between variables is well approximated in linear terms and that low noise and 
signal cross-talk data is entered into the model.

Graph Theoretical Analysis Based on network science, applications of graph 
theory permit the topological properties of complex networks to be characterized in 
terms of modularity, hierarchy, centrality, and distribution of network hubs in graph-
ical format. Specifically, applications aim to describe the network segregation (sys-
tem segregation, modularity, local efficiencies, number of subpopulation hubs) and 
network integration (global efficiency, number of connector hub nodes) of the EEG 
brain system [12, 30]. While various approaches are possible, the overarching tech-
nique comprises (a) defining network nodes (i.e., EEG high-density/multielectrode 
array points), (b) estimating the edges as a continuous measure of association 
between nodes (i.e., via GC or spectral coherence), (c) generating an association/
connectivity matrix with all pairwise associations between nodes to produce an 
undirected graph, and (d) calculating the network parameters of interest in the 
resulting brain network graphical model and overlaying to the equivalent parame-
ters of a population of random networks, providing a directed graphical network 
[31]. Point (d) represents a normalization process that can also be achieved by set-
ting an average degree or connectivity threshold or modeling a weighted graph 
using minimum spanning tree (MST) [32]. The latter method ensures all nodes are 
connected to one another without forming circles/loops creating subgraphs that rep-
resent different populations/experimental conditions that can then be compared as 
quantitative indices. Graph theory metrics, pertinent to extant anxiety disorder 
applications (outlined later [32–34]), wherein each EEG electrode represents a node 
in the graph network, include (i) characteristic path length (CPL) that quantifies 
global information integration, (ii) clustering coefficient (CC) that measures the net-
work’s local segregation, (iii) minimum spanning tree (MST) as above, and (iv) 
small-world index (SWI) describing the overall topology of the network where most 
nodes are not directly connected but peripherally connected via a small number of 
edges mapped out by network paths (node-to-node points).

Transfer Entropy (TE) Based on information theory allows the detection of effec-
tive (causal) connectivity in nonlinear systems/dynamics. Unlike modeling tech-
niques TE is not determined upon a model of pathways, and thus no a priori 
definitions/knowledge of networks/pathways is required. Furthermore, it detects 
nonlinear interactions (and causality) even with wide distribution of interaction 
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delays between signals within the system and is immune against linear signal cross 
talk (that may be a particular issue with EEG data) [35].

 Applications: EEG Connectivity Networks in Anxiety Disorders

Here, we map the extant evidence base pertaining to EEG-based functional net-
works in anxiety disorders as defined by the Diagnostic and Statistical Manual for 
Psychiatric Disorders 5 (DSM-5) [36]. The DSM-5 stratifies distinct classifications, 
with some overlap in anxiety symptomatology, yet the diagnosis of anxiety disorder 
proper pertains exclusively to point (1) as follows: (1) fear circuitry-based anxiety 
disorders, e.g., phobias, panic, generalized anxiety, and social anxiety; (2) anxiety 
related to obsessions and compulsions, e.g., obsessive-compulsive disorder (OCD) 
(previously subsumed within the previous category in DSM-IV); (3) trauma- and 
stressor-related disorders, e.g., posttraumatic stress disorder (previously subsumed 
within category (1) in DSM-IV); and (4) those characterized by dissociation, i.e., 
dissociative disorders, depersonalization disorder, and dissociative amnesia [37]. 
Clinically, anxiety disorders include disorders that share features of excessive fear 
(emotional response to real or perceived imminent threat) and anxiety-related 
behavioral disturbances (in the anticipation of future threat), often in the absence of 
true danger. Logically, fear-processing networks, comprising the amygdala (a cen-
tral node), hippocampus, insular cortex, dorsal anterior cingulate cortex (dACC), 
and medial prefrontal cortex (mPFC), are salient considerations for understanding 
anxiety [38, 39]. However, these clinical conjectures regarding fear neurocircuitry 
were primarily based on animal models and clinical studies prior to the DSM5, and 
thus patient samples also included trauma-/stress-based disorders (i.e., PTSD) [38, 
39] that may have skewed findings and reduced specificity of outcomes. Here, we 
move towards rethinking the underlying neural architecture of anxiety disorders 
from a premise that incorporates previous models of fear neurocircuitry and inte-
grates the emerging interest in, and new findings from, innovative connectivity 
modeling techniques for examining EEG-based functional networks. A summary of 
the extant studies is presented in Table 3.1 and further discussed henceforth.

 Panic Disorder (PD)

Morphometric and functional neuroimaging investigations into panic disorder (PD) 
strongly align with the fear neurocircuitry hypothesis, suggesting input may be pro-
cessed via two prime (distally discrete) circuitry networks in the disorder: (1) via a 
short-loop network wherein stimuli gated by the sensory thalamus are first transmit-
ted to the lateral amygdala and then its central nucleus and (2) via a long-loop net-
work wherein sensory input projects to the thalamus that in turn sends this 
information to a sensory cortex, insula, and prefrontal cortex (PFC) relay for higher- 
level analysis/processing, the outcome of which is transmitted to the amygdala. In 
both preprocessing loops, once input transfers to the amygdala, signals project to 

3 Linear and Nonlinear EEG-Based Functional Networks in Anxiety Disorders
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the parabrachial nucleus (increases respiration), locus coeruleus (norepinephrine 
release), lateral and paraventricular nucleus of the hypothalamus (sympathetic auto-
nomic arousal and adrenocorticoid release), and the periaqueductal gray (associated 
behavioral responses), in the brain stem and hypothalamus so to activate acute fear 
response in the autonomic, endocrine, and behavioral systems [40–42].

Linear coherence methods of EEG-based functional connectivity in PD support 
the downregulation of frontal electrode coherence, across frequencies at the trait 
level (vs. healthy controls) [43], and are specific to fronto-occipital coherence in the 
delta-band at the state level (i.e., during a panic attack) [44]. Moreover, following 
recovery from carbon dioxide-induced panic attack (35% CO2 inhalation), attenua-
tion in frontal coherence has been observed in the beta-band (this frequency also 
correlating to severity of panic attacks), and occipital coherence in the delta-band 
[44]. These findings indicate decoupling of the frontal cortico-occipital loops sug-
gesting reduced neuroelectrical signaling in prefrontal and anterior-posterior cir-
cuitry during stimuli that would be more optimally processed with top-down 
executive control. Thus, as with the neuroimaging evidence base, information pro-
cessing bypasses higher-level cortical response and remains “short-circuited” in the 
limbic system, signaling inappropriate hyperarousal response. Interestingly, a study 
investigating transcranial alternating current stimulation (tACS) intervention 
yielded enhanced posterior-frontal connectivity (ascertained by granger causality) 
in alpha-frequency accompanied by ameliorated anxious arousal and negative per-
ception of sensory stimuli in controls administered with repeated alpha-tACS over 
4 consecutive days [45].

Nonlinear EEG connectivity approaches enrich the above conjecture, since dys-
regulation between anterior and posterior neural system networks was also apparent 
in a study examining comorbid panic disorder in tinnitus patients implementing 
lagged phase coherence on EEG-DMN (rest) current density data ascertained by stan-
dardized low-resolution brain electromagnetic tomography (LORETA). Reduced 
connectivity was evident in the precuneus and retrosplenial plane of the posterior 
cingulate cortex (PCC) for theta-frequency in patients with comorbid PD compared to 
those without. Furthermore, attenuated connectivity in a specific network comprising 
the dorsal anterior cingulate cortex (dACC), insular cortex, amygdala, and subgenual 
ACC (sgACC) within the alpha-1 frequency (8–10 Hz) was observed. Presence of the 
dACC and sgACC in this network is pertinent, since the dACC is associated with 
cognitive processing as part of the frontoparietal attention networks, compared to the 
ventral stratification of the ACC associated with emotion processing networks that are 
cytoarchitecturally and neurochemically disparate [46]. The sgACC (Brodmann’s 
area 25) forms part of the ventral ACC and is highly specialized and possibly a sepa-
rate region, since its cell structure and receptor mapping are significantly distinct from 
the remaining ACC, comprising dense distribution of serotonin receptors and the most 
reciprocal connections with the amygdala [47]. It also appears to be part of a wider 
“visceromotor network” that modulates autonomic/neuroendocrine and neurotrans-
mitter responses during the neural processing of reward, fear, and stress [48]. Ergo, 
nonlinear EEG functional connectivity measures would suggest the reduced connec-
tivity of ACC in the fear circuitry network might be more central than previously 
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considered and that the attenuation of the ACC as an executive neuro-regulator in fear 
circuitry networks in PD consequently means less top-down control and short-circuit 
looping straight to autonomic and brain stem systems thus ensuing the inappropriate 
response to non-threatening stimuli.

The presence of the insula as a node within the identified network exclusive to 
EEG-DMN in tinnitus patients with comorbid PD is interesting, as other LORETA- 
based connectivity studies examining state and trait anxiety did not find insula activ-
ity to be significant in associated connectivity networks, while ACC and PCC 
(reported above) were [49, 50] (discussed later). The insula, in conjunction with the 
ACC, forms an integral hub of the cortical “saliency network” [51]. Within this sys-
tem the insula serves heterogeneous functions: (1) predominantly in bottom-up 
saliency detection, (2) co-facilitation with a wider network in the administration of 
attention and memory-related neural resources once saliency has been detected, (3) 
interaction of the anterior and posterior striations of the insular cortex towards the 
modulation of autonomic reactivity, and (4) co-facilitation with the ACC towards the 
administration of rapid motor system activity [52]. Hence, the insula (bottom-up 
pathway) in collaboration with the ACC (top-down control) is instrumental in assess-
ing incoming saliency and mediating germane autonomic response towards optimal 
emotion regulation [53], whereby when connectivity is diminished, processing is less 
discriminate, in turn, behaviorally less appropriate (i.e., panic outcomes).

Network stability may be another functional connectivity property of signifi-
cance in PD. EEG “microstates” (dynamic field networks that change configuration 
at the millisecond temporal scale) show increased duration and stability of symmet-
ric anterior-posterior and right-anterior/left-posterior microstate orientation in panic 
disorder patients compared to healthy controls, during EEG-DMN resting state 
[54]. However, when viewing anxiety-arousing stimuli, PD patients show hypo- 
stability compared to controls [55]. This may suggest resting state is more “sticky” 
and rigid, in neuronal dynamics terms, in PD reflected by overall less neural flexibil-
ity (i.e., hyperstability) in default mode, whereas microstate properties in response 
to anxiogenic stressors are characterized by hyperactive neuronal arrays with dimin-
ished configuration stability during threat processing.

 Generalized Anxiety Disorder (GAD)

Scant EEG functional connectivity investigations have been conducted in GAD to 
date. Regarding EEG nonlinear dynamic correlates comparing functional changes 
in the cerebral cortex and impact of symptom severity, higher D2 (correlation 
dimension) values indexing complexity of information processing and cerebral cor-
tical dynamics have been observed in a sample of 64 clinically diagnosed GAD 
patients [56]. Conversely, lower D2 values characterize other disorders, including 
Alzheimer’s disease, schizophrenia, seizure epilepsy, and depression. Of signifi-
cance, lower D2 values have been found in posttraumatic stress disorder (PTSD) 
[57], representing reduced signal complexity suggesting that discrete electrocortical 
dynamics and CNS information processing underpin PTSD vs. GAD during rest 
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(interesting since prior to the DSM5, these disorders were subsumed under converg-
ing diagnostic classification). As an aside, tasks involving divergent versus conver-
gent thinking also show correlation of higher D2 values with the former [58]. One 
interpretation regarding increased EEG network complexity of GAD patients at rest 
may allude to increased worry/internal cognitive processing in the form of divergent 
negatively biased mind wandering (i.e., considering all possible outcomes leading 
to “catastrophic thinking”) during non-specific information processing.

From a network perspective, nonlinear EEG-based functional connectivity 
approaches, examining weighted phase lag index (WPLI) and graph theory metrics 
so to visualize spatiotemporal “small-world network” (SWN) dynamics (the degree 
of global integration and local segregation within networks), highlight differences 
in the theta-frequency in GAD vs. controls, both at rest and during an emotion regu-
lation task (ERT) [59]. Briefly, the ERT requires participants to view neutral and 
negative (i.e., anxiogenic) images with instructions to simply “look” (to neutral 
images, neutral), or maintain (to view negative images without any strategy) or 
reappraise (to view negative images and attempt to reduce emotional arousal by 
reinterpreting meaning of the images). Increased characteristic path length (CPL) 
indexing lower network integration unfolded as cognitive load progressed through 
neutral, maintain, and reappraise ERT conditions, in patients vs. controls. This was 
not the case for the rest condition, however, as patients yielded significantly attenu-
ated CPL, indexing higher network integration, and higher cluster coefficient (CC) 
values indexing local network segregation. This would suggest enhanced SWN effi-
ciency in the theta-frequency during EEG-DMN (resting state) in GAD indicative 
of neuronal hyperexcitability, whereas SWN properties were comparable during 
task-related emotion regulation between patients and controls. In line with this, the 
presence of comorbid generalized anxiety in patients primarily diagnosed with 
autism spectrum disorders (ASD) yield increased theta- and alpha-frequency coher-
ence during EEG-DMN compared to ASD patients without clinical levels of gener-
alized anxiety [60]. The specificity of differences in EEG-DMN network connectivity 
in GAD is interesting, viably representing basal/tonic aberrations opposed to state- 
based dysregulation in electrocortical connectivity dynamics.

 Social Anxiety Disorder (SAD)

Network connectivity dynamics ascertained via WPLI and SWN metrics highlight 
dominant local and infrequent long-range theta-based connectivity pertaining to 
generalized social anxiety disorder (gSAD). The most prominent neural differentia-
tion between gSAD patients versus controls is at rest/EEG-DMN.  Patients yield 
increased clustering coefficient (CC), the degree to which nodes in the network 
cluster locally or network segregation, and attenuated characteristic path length 
(CPL), the average of shortest connections between nodes in the network, collec-
tively reflecting greater efficiency in theta-frequency connectivity. Moreover, phase 
synchronization analyses point to increased phase frontal midline theta phase syn-
chronization exclusively in gSAD, implicating the ACC and anterior attentional 
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system that may be hyperactive at rest in such patients, possibly reflecting height-
ened basal self-focused negative internal processing [32]. These findings were rep-
licated by another study utilizing the same graph theory and SWN metrics in gSAD, 
in this case test anxiety in anticipation of an upcoming mathematics task. In terms 
of graphical network parameters, increased CC and decreased CPL were evident 
across all frequencies (delta to gamma), representing heightened global connectiv-
ity efficiency, that is, increased nodal activity and more efficient remote connections 
[34]. Additionally, those with high test anxiety yielded greater network density 
across all frequencies, suggesting overall greater neuronal network activity in antic-
ipation of a socially defined evaluation (test performance).

Task-processing connectivity network dynamics in SAD, measured with WPLI 
and nonlinear graph theory, also suggest discrepancies. The phase-space connec-
tome (or map) of EEG connectivity (opposed to sensor-space connectivity) can be 
visualized using minimum spanning tree (MST) analysis that represents a sym-
metric geodesic distance matrix (GDM) from dynamic phase-space connectomes 
(a concept akin to phase-space “microstates” or “snapshots”) using a moving win-
dow technique. Each connectome comprising the matrix is consequently mapped 
as a point on a manifold embedded in a high-dimensional state-space wherein the 
intrinsic geodesic topology of the manifold is thus encoded and visualized as MST 
(subset of edges of a connected undirected graph that connects all vertices without 
any overlays/loops) with independent “branches” or “trajectories” representing 
experimental conditions. Using this technique on ERT data (task described above), 
SAD patients yield significantly longer trajectory lengths to neutral and maintain 
conditions, versus controls. Moreover, maintain trajectory lengths positively cor-
related with severity of negative effect. Interestingly, those patients who used reap-
praise as an emotion self-regulation strategy in everyday life (outside the 
experimental setting) yielded shorter trajectory lengths during reappraise condi-
tions of the experiment [33]. To note, the experimenters reported MST analysis for 
the theta-frequency only. One interpretation is that the length of the trajectory as 
mapped by the MST technique represents the temporal transitions through the 
snapshots comprising it (much like the reconfigurations of microstates), wherein 
longer trajectory lengths reflect more rapidly transitioning dynamical cognitive 
processing. Phenomenologically, this may be experienced clinically as “racing 
thoughts” or “overthinking” apparent even in low-complexity cognitive load asso-
ciated with neutral and maintain conditions of the ERT in patients [33]. This may 
be differentiated from a simple stress response, since psychosocial stress reactivity 
has been shown to correlate with attenuated global brain network efficiency and 
amygdala centrality using graph theory measures [61].

In sum, the accumulating evidence supports a theory of neural overstimulation/
activation in SAD at rest and during specific processing likely leading to misattribu-
tion in socially salient contexts. Its behavioral manifestation however (i.e., avoid-
ance) is distinct from psychosocial “shutdown” in the face of overwhelming stress, 
since it appears to be underlined by higher neural efficiency and more complex 
neural mechanisms.

P. L. A. Schoenberg



51

 Trait Anxiety (TA)/State Anxiety (SA) via Psychometric Composites

A social interaction model, as mediated by degrees of anxiety and depression in a 
nonclinical sample, has emerged via connectivity analysis applications to sLORETA 
EEG data [62]. Concomitant to EEG, an event-related design comprising valenced 
facial stimuli (e.g., angry, happy, neutral) alongside imagining virtual social sce-
narios (“attack,” “avoid,” “make friends”) with the character/face onscreen was 
administered. High-scoring trait anxiety (TA) was associated with a larger drop in 
alpha-based connectivity (desynchronization) to angry and neutral faces, relative to 
baseline. This was not apparent in the high depression scorers, thus a distinct anxi-
ety effect. Interestingly, the clinical manifestation of anxiety and depression often 
co-occurs, yet this EEG-based functional connectivity study identified distinct brain 
topographical regions that differentiated anxiety from depression. Namely, while 
processing negative (angry) faces, the precentral gyrus, inferior temporal gyrus, 
medial prefrontal cortex (mPFC), and PCC were pertinent anxiety-network nodes. 
Additionally, distinct nodes including the inferior temporal gyrus and inferior pari-
etal sulcus were evident for TA networks during neutral face processing, not evident 
in depression networks. Interestingly, insula and frontal regions comprised depres-
sion EEG functional networks during neutral socially salient stimuli processing yet 
were absent in TA networks (see Fig. 3.1).

Alpha connectivity aberrations have also been observed in the functional net-
works of high TA at rest/EEG-DMN. Adolescent externalizing (aggression) vs. inter-
nalizing (anxiety) appears to be underlined by distinct alpha-phase reset dynamics 
that gauge cortical activation and network communication between electrode sites. 
Longer phase locking in the full alpha range of (inter- and intra- hemispheric) elec-
trode pairs was evident in TA [63]. Additionally, exact (e)LORETA in adults high-
lights decreased theta connectivity between mPFC and PCC/retrosplenial cortex and 
decreased beta connectivity in mPFC and ACC [50] during EEG- DMN. Interestingly, 
the neurobiology underlying the mechanism of attentional “set-shifting” that pre-
cedes “inflexible decision-making,” or cognitive rigidity, points to a mPFC-ACC 
relay [64]. Ergo, reduced EEG-based connectivity of this circuit in people with high 
TA would suggest diminished flexible decision-making and ensuing adaptive behav-
ior as a dispositional trait. Moreover, connectivity between the mPFC and PCC is 
linked to post-choice shift of attitude towards chosen options [65]. Thus, reduced 
EEG-based connectivity in this relay would suggest a level of incongruency in high 
TA scorers between (anxiety-driven) chosen outcomes and actual assessment, i.e., 
the experience of sustained/non-specific anxiety devoid of an obvious stimulus/
stressor. Related peripheral evidence supports decreased EEG prefrontal-posterior 
coherence is linked to diminished PFC control in social- emotional information 
entailing heightened emotional affectivity/absorption during emotional/mood conta-
gion [66]. Thus, high TA scorers may be unable to adapt their mood appropriately/
effectively due less top-down regulation via the mPFC-PCC circuit.
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Turning to state anxiety (SA), a linear relationship between SA levels and alpha 
synchrony has been found, supporting a concept of the “alpha system” in attentional 
preparedness for stressors in the environment (to note, only alpha-frequency was 
examined) [67]. Using topographical methods (sLORETA), increased coupling 
between delta and beta-frequencies in PFC and ACC regions alongside increased 
delta power overall has been shown in response to anxiogenic stimuli in high SA 
scorers [49]. The pertinence of delta and beta connectivity networks, also related to 
PCC and ACC regions, is in line with the PD findings. State anxiety may be recruit-
ing similar networks as fear circuitry in PD, suggesting that state anxiety is distinct 
from trait and generalized anxiety neurobiologically, opposed to a similar state that 
is either acute or chronic.

 Connectivity in Oscillatory Networks: Significance for Anxiety 
Disorders

Disentangling frequency-related connectivity patterns, (1) delta-, theta-, and beta- 
frequencies appear pertinent to PD, (2) theta connectivity aberrations appear ger-
mane to GAD and SAD, (3) alpha-frequency seems to connect with TA, and (4) SA, 
as with PD, is primarily differentiated by delta-beta coupling in connectivity net-
works. As mentioned, in absolute terms microcircuit-to-oscillation and thus oscilla-
tion-to-symptom mapping is not plausible due to the inherent complexity of the 

Fig. 3.1 EEG-based functional connectivity maps from Knyazev et  al. (2016) [62] sLORETA 
study disentangling connectivity networks associated with depression (a+b theta networks) vs. 
anxiety (C+D alpha networks) during virtual social interactions. Networks represent regression of 
BDI (a), BDI-r (b), and TA (c and d) scores on the difference in connectivity estimates between 
test (a and b = neutral faces; c = angry faces; d = neutral faces) and baseline. Node size is propor-
tional to its degree (i.e., larger nodes have more connections with other nodes). Red circles show 
network hubs. Edges of warm color show positive association of psychometric variable with the 
test minus baseline connectivity; edges of cool color show the opposite effect. BDI beck depression 
Inventory, TA State Trait Anxiety Inventory (STAI-T), IFG inferior frontal gyrus, ITG inferior 
temporal gyrus, IPL inferior parietal lobule, IPS inferior parietal sulcus, MFG middle frontal 
gyrus, MTG middle temporal gyrus, PG precentral gyrus [Reprinted with Permission]
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electrocortical system [2, 3]. However, oscillatory activity allows a macroscopic 
analysis of changes/differentiation in frequency dynamics observed in relation to 
behavioral outputs (i.e., performance on sensorimotor, cognitive, affective, percep-
tual tasks). From such inductive reasoning, distinct oscillation frequencies appear to 
have some functional significance (or correlation). Knyazev has synthesized the 
data into two functionally meaningful stratifications: (a) global integrative oscilla-
tions (related to synchronizing coherent activity across spatially distributed neural 
assemblies) reflected by lower-frequency delta, theta, and alpha ranges and (b) local 
processing oscillations (distributed in segregated assemblies) reflected by higher- 
frequency beta and gamma [68]. Albeit, gamma synchronization is also conjectured 
to serve an integrative mechanism in higher-order cortical computation via the seg-
mentation and selection of converging neuronal inputs (or “binding”) [69]. Thus, 
the complexity and multileveled functionality of EEG oscillations are beyond the 
scope of this commentary.

To simplify, delta and theta appear correlated with saliency detection, motiva-
tion, emotional appraisal and learning [67], and thus networks activating the neural 
“saliency system.” Interestingly, delta oscillations are linked with the phylogeneti-
cally oldest neural subsystems related to information transmission (evidenced by 
the EEG signals of reptiles predominantly emanating the 0.5–4 Hz range [70]) and 
associated with behavioral inhibition (i.e., “freeze” response in panic [71], regu-
lated by the phylogenetically ancient “social” polyvagal response [72]). Such neural 
activity represents a mechanism of descending inhibition, in which higher systems 
inhibit lower systems [73, 74]. Viability of this postulation has been observed dur-
ing tasks requiring considerable internal concentration/mentation concomitant to 
increased delta interpreted to inhibit external interference via cortical deafferenta-
tion, i.e., dampening of sensory/external afferences [74]. This would fit the delta 
and theta EEG- based connectivity findings differentiating PD and SA from other 
anxiety subtypes, in alignment with the “long-loop” (refer above) fear circuitry. 
That is, higher-order ACC, insula, and prefrontal cortex (PFC) relays serve to inhibit 
new viscerosensory information from informing an appropriate behavioral response 
to an otherwise non-threatening stimuli (as the case with panic/SA), extending well 
beyond an initial reactionary period (where the assessment of genuine threat may be 
required).

Despite theta-frequency being correlated with an array of cognitive, affective, 
and behavioral outcomes, robust evidence suggests theta is principally implicated in 
memory and emotion regulation. Neurons in the amygdala produce theta activity 
during heightened emotional arousal, further to theta generation and synchroniza-
tion in memory encoding and consolidation [65, 75, 76]. This has considerable 
functional significance for GAD and SAD based on increased efficiency in connec-
tivity of the theta networks characterizing both disorders. In that, it may suggest 
overactivation of electrocortical networks implicated in the synthesis of emotional 
learning. Social and/or more generalized contexts are encoded as emotionally aver-
sive and threatening via a maladaptive mechanism wherein neurocircuitry condi-
tioned to specific threatening stimuli couples and overextends to nonconditioned/
generalized stimuli.
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Contrary to the traditional conceptualization of alpha enacting an inhibitory 
mechanism upon cortical processing systems [77], alpha synchrony appears to have 
multiple functional significance. For example, accruing evidence links alpha syn-
chrony with increased cortical excitability specific to the attentional system [78]. 
Furthermore, alpha synchrony has been implicated in top-down functioning related 
to attention akin to a binding property within the frontoparietal “global neuronal 
workspace” [79], i.e., intricate parallel distributed assemblies of specialized neuro-
nal networks. This also links to the LORETA findings in terms of increased alpha 
connectivity in mPFC, ACC, and PCC relays, suggesting that TA (and partially SA 
since it also shares functional neurocircuitry with PD) is primarily underlined by an 
overactivated attention system wherein specialized/germane attentional networks 
for threatening stimuli become dysregulated and activated during inappropriate 
stimuli exposure and/or the absence of stimulation altogether. This simplification is 
only part of the puzzle, however, since (as discussed previously) functional connec-
tivity between mPFC-PCC and mPFC-ACC relays appear to have specific mecha-
nistic involvement with cognitive set-shifting, decision-making, and subsequent 
post-choice attitude. An emerging premise could be that this reduced integrative 
connectivity among multileveled networks associated with set-shifting and congru-
ency of behavioral response suggest that on one level high TA scorers are experienc-
ing incongruency related to their dispositional anxiety, albeit the anxiety-like 
experience ensues due to continued hypervigilance or over-reactive attention sys-
tem networks.

 Future Trajectories

Linear and nonlinear connectivity analyses enrich examinations of associated 
mechanisms propagating anxiety disorders. Such approaches afford the disentan-
glement of functional and effective/causal mechanisms necessary for deciphering 
bioelectrical dynamics within complex neuroanatomical architecture. New vistas 
may entail further utilization of mathematical frameworks/modeling applications so 
to understand network complexity and structural stability of transient multidimen-
sional properties with more clarity [80]. Non-model-based conceptualizations, such 
as transfer entropy, also provide apt nonlinear facilitation towards extracting infor-
mation transfer in multileveled EEG topologies [81, 82]. Furthermore, multimodal 
imaging designs paired with connectivity techniques offer scope to examine electro-
cortical network integration and effectivity with other bio-regulatory/neuroanatomi-
cal systems pertinent to trait/state functioning in anxiety disorders, i.e., electrocortical 
brain dynamics in relation to vagal flexibility/heart rate variability (HRV) spectra or 
alternate neuroimaging parameters [83, 84]. Micro- and meta-state stability of elec-
trocortical dynamics may also contribute to identifying anxiety-specific neurobe-
havioral interactions [85]. Elucidating aberrations in underlying network activity 
may inform biomarker targets for neuromodulation, particularly in the development 
of interventions in place of psychopharmacology [86, 87], for the treatment of 
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anxiety disorders. The innovative application of data-driven applications of graphi-
cal networks (i.e., dissimilarity embedding and nonlinear dimensionality reduction) 
will allow the illumination of hidden properties of electrocortical activity tagged to 
clinically salient functionality (i.e., emotion regulation) within the framework of 
high-dimensional manifolds in topological state-space [88]. Replicated examina-
tions into EEG network dynamics in anxiety disorders are warranted, albeit the 
extant purview would suggest that the current DSM-5 classification is viably strati-
fied by distinct electrocortical network subtypes that may aid progress for interven-
tion advancement.
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Anxiety disorders are characterized by excessive fear, intense anxiety, and related 
behavioral disturbances [1]. Anxiety is the emotional response in anticipation of a 
future threat, while fear is the psychological reaction to real or perceived imminent 
danger [2]. Although anxiety and fear are normal adaptive functions, anxiety disor-
ders may develop when excessive and persistent symptoms cause clinically signifi-
cant distress or impairment in functioning [3]. White matter (WM) provides the 
structural connectivity between gray matter regions and enables the rapid and effi-
cient transfer of neural signals [4]. WM tracts can be divided into association path-
ways (which connect cerebral cortex areas within the same hemisphere), commissural 
pathways (connecting similar structures across hemispheres), and projection and 
thalamic pathways (which connect cortical and subcortical structures). Diffusion 
tensor imaging (DTI) enables the measurement of the restricted diffusion of water 
in tissue allowing the reconstruction of tracts. Each voxel has several parameters 
such as rate and direction of diffusion, making it sensitive to subtle pathology in the 
brain [5]. DTI measures have been used to characterize differences in WM micro-
structure for a broad spectrum of psychiatric disorders. The most commonly used 
DTI measure is fractional anisotropy (FA), which has been used as a quantitative 
indicator of WM integrity and connectivity. We aimed to offer a detailed account of 
the WM-based structural brain network involved in the behavioral and cognitive 
manifestations of fear and anxiety. We reviewed findings from DTI studies examin-
ing WM microstructural abnormalities in anxiety disorders.
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 DTI Studies on Anxiety Disorders

 Trait Anxiety in Healthy Subjects

A study published in the Journal of Neuroscience found that the fractional anisot-
ropy (FA) values of an amygdala-prefrontal cortex pathway, including the uncinate 
fasciculus (UF), were negatively correlated with trait anxiety scores measured by 
the State-Trait Anxiety Inventory (STAI) [6]. Another study showed that there was 
a negative association between harm avoidance and FA in the cortico-limbic path-
way in a large sample of healthy subjects [7]. Higher harm avoidance was associ-
ated with lower FA in the corpus callosum (CC), the corticospinal tract, forceps 
major and minor, inferior fronto-occipital fasciculus (IFOF), inferior and superior 
longitudinal fasciculus (ILF and SLF), and UF. One study investigated the associa-
tion between STAI and DTI measurements in patients with social anxiety disorder 
(SAD) and found a negative correlation between FA in the UF and trait anxiety [8]. 
Furthermore, reduced WM integrity in the UF was found in children with anxiety 
disorders [9]. Together, these results strengthen the idea that the neurobiological 
underpinnings of a state-independent characteristic of anxiety seem to be associated 
with the UF, which is a major pathway of communication between the amygdala 
and the orbitofrontal cortex (OFC).

 Panic Disorder (PD)

The fear network, comprising the amygdala, hippocampus, thalamus, insula, and 
prefrontal areas, is the key brain circuit involved in the pathophysiology of PD. The 
anterior cingulate cortex (ACC) is thought to have a regulatory role in the fear net-
work and is also involved in fear conditioning [10]. One study investigated WM 
integrity in cingulate regions of patients with PD and found increased FA values of 
the left anterior and right posterior cingulate, which were positively correlated with 
anxiety symptom severity [11]. Our research group aims to elucidate the WM neural 
correlates of anxiety in panic disorder [12–18]. Anxiety sensitivity (AS) in patients 
with PD was significantly correlated with the FA values of the WM regions near the 
insula, the splenium of the CC, the fornix, the internal capsule, the posterior tha-
lamic radiation, and the posterior corona radiata (CR) [12]. The neural correlates of 
AS may be associated with the connections between the insula, thalamus, amygdala, 
and the entorhinal cortex, which are known to be parts of the neural circuit involved 
in the modulation of interoception [13]. Our study group also showed increased FA 
values in the cingulate gyrus in the 5-HTR1A CC genotype compared to the GG/CG 
genotype in PD. This suggests that the 5-HTR1A polymorphism may be associated 
with WM connectivity in the cingulum of PD patients [14]. Another study showed a 
significant association between early trauma and WM connectivity in the fornix 
body of major limbic structures in PD [15]. We also found that WM microstructural 
changes are associated with alcohol use in patients with panic disorder [16]. Aberrant 
WM integrity in the internal capsule and thalamic radiations was significantly 
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associated with suicide attempts in patients with PD [17]. Studies by our group 
indicate altered integrity of the frontal WM in patients with PD without any comor-
bidity and provide evidence of altered WM integrity in the frontal lobe, suggesting 
its contribution to PD anxiety symptoms [18]. Taken together, apparent WM micro-
alterations in patients with PD are present in diverse and widespread regions, 
although alterations vary in terms of clinical symptom severity and comorbidities.

 Generalized Anxiety Disorder (GAD)

Neuroimaging studies have suggested that the amygdala and the prefrontal cortex 
might underlie the neural circuit of GAD.  Adult and adolescent GAD patients 
showed lower fractional anisotropy (FA) in the uncinate fasciculus than control sub-
jects. One study suggested that GAD patients had higher FA in the right amygdala 
WM and lower FA in the anterior cingulate WM compared with healthy controls 
[19]. The reduced FA values of the uncinate fasciculus might suggest a decreased 
connection between the prefrontal cortex and limbic structures [20]. The FA abnor-
malities in the UF are consistent with GAD studies describing abnormalities in the 
connectivity between limbic and frontal structures [21–23].

 Social Anxiety Disorder (SAD)

It has been reported that patients with SAD had lower FA in the UF and decreased 
FA values in the WM of the insula, inferior frontal gyrus, middle temporal gyrus, 
and inferior parietal gyrus [24, 25]. The studies showed a left lateralized pattern of 
decreased FA in the SLF, the corticospinal tract, and the UF bilaterally. Although a 
limited number of DTI studies have investigated global WM volume in SAD, the 
current state of evidence does not support global WM volume change as a charac-
teristic of SAD. One study showed a significant increase in the FA values of the CC 
in patients with SAD and interpreted it as increased connectivity in cognitive reap-
praisal regions. Reduced connectivity in the UF can be interpreted as underlying a 
diminished top-down control leading to amygdala hyperactivation in patients with 
SAD.  In one study, patients with SAD attended a 10-week cognitive behavioral 
group therapy and were scanned to investigate cognitive behavioral group therapy- 
induced structural brain alterations of the WM. DTI analysis revealed a significant 
increase in FA in the bilateral uncinate fasciculus and the right inferior longitudinal 
fasciculus, and network-based statistics revealed a significant increase of structural 
connectivity in a fronto-limbic network.

 Post-traumatic Stress Disorder (PTSD)

Lower FA values in PTSD subjects were reported for the ACC, prefrontal gyrus, and 
posterior angular gyrus and also the left cingulate bundle, in trauma-exposed 

4 White Matter-Based Structural Brain Network of Anxiety



64

subjects. The decreased FA values of the UF, cingulum, and CC in patients with 
PTSD are consistent with the neural circuit of PTSD. The amygdala, medial pre-
frontal cortex, and hippocampus are suggested as key regions in the functional neu-
rocircuitry of PTSD. Previous studies found decreased FA in the ACC of patients 
with PTSD [26, 27], and decreased FA in the ACC was more specific for patients 
with PTSD compared with GAD patients [23]. Another study found abnormal FA 
values in the left anterior cingulum bundle (CB) [28, 29]. WM integrity in the left 
frontal gyrus has been reported to be either decreased or increased [23, 29]. One 
study examined WM connectivity in children with PTSD and found a decreased FA 
in the body of the CC [30]. Abnormalities in the structural integrity of cingulate 
regions, the CB, and the amygdala are interpreted as the disturbed top-down control 
of PTSD. Abnormal findings in the frontal lobe are also interpreted as disturbances 
in the recall of extinction memory or disturbed emotion processing [23, 26]. 
According to a meta-analysis, reduced FA is found in the left UF below the region 
identified in SAD and OCD.

 Obsessive-Compulsive Disorder (OCD)

The thalamo-cortico-striatal circuit—which comprises the fronto-basal pathways, 
the OFC and ACC, the ganglia-thalamic pathways, and the striatum and medial 
thalamic areas—is thought to be involved in the pathophysiology of OCD. Previous 
ROI-based studies examined the CB, anterior thalamic radiations, the internal cap-
sule, and the CC [31–33]. Notably, FA values in the ACC and the CB have been 
found to be conflicting [31–42]. Abnormalities of the structural integrity of the CC 
have been reported consistently, but there is disagreement regarding the direction 
and the specific location of such abnormalities in the CC. Taken together, DTI stud-
ies in OCD seem to implicate the ACC, CB, and the CC in the pathophysiology of 
OCD. One study found alterations in the forceps major and the cingulum bundle and 
suggested that the pathogenesis of OCD may include an abnormal myelination pro-
cess in not only the fronto-striato-thalamic circuit but also the posterior and tempo-
ral regions.

 DTI Findings in WM Tracts

 Association Pathways

 Uncinate Fasciculus (UF)
The UF reciprocally connects structures in the frontal lobe, such as the cingulate 
gyrus and OFC, to structures in the temporal lobe such as the amygdala [43]. DTI 
studies in patients with anxiety disorders have reported altered structural connectiv-
ity between temporal lobe and prefrontal cortical regions, revealing that FA in the UF 
is reduced in patients with anxiety disorders [44–49]. The UF is highly relevant to 
anxiety and emotion regulation, as it connects structures that are crucial to affective 
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processing—such as the amygdala, entorhinal cortices, and parahippocampal 
gyrus—to frontal regions, including the anterior prefrontal cortex, orbital frontal cor-
tex, ventromedial prefrontal cortex, ACC, and insula [50, 51]. Reduced UF FA is not 
specific to anxiety disorders, as similar WM alterations have been observed in some 
studies of individuals with trait anxiety [6, 52–56] as well as in patients with affective 
and other psychiatric disorders [57, 58]. Early-life alterations in a key WM tract 
involved in emotion and anxiety regulation contribute to childhood anxiety [59]. 
Several DTI studies have indicated that WM characteristics are heritable, which is 
further supported by the finding that genetic factors explain 60–80% of the variance 
in UF microstructure. More specifically, structural integrity of the UF is influenced 
by genetic variations in the brain-derived neurotrophic factor and the 5-HTTLPR 
genotype. Taken together, reduced integrity of the UF might be associated with SAD, 
GAD, trait anxiety, and heritability. Moreover, UF FA reductions have been associ-
ated with increased anxiety symptoms and deficits in fear extinction.

 Cingulum, IFOF, SLF, and ILF
The cingulum is a key component of the limbic system that allows for communica-
tion between the cingulate, medial frontal lobe, and temporal lobe. It is importantly 
involved in emotion regulation [60, 61]. The prefrontal cortex and the ACC inhibit 
the activation of anxiety-related regions via their interaction with the cingulate 
gyrus [62]. Deficits in this circuit are associated with dysfunction of the top-down 
system and with activation of posterior structures and other limbic systems. One 
study showed that decreased FA in the left cingulum correlated with clinical symp-
tom severity in patients with GAD [63]. Aberrant integrity of the CB contributes to 
emotion dysregulation and is a neural substrate of GAD. Cingulum changes in DTI 
studies, which appear most consistently in OCD and PTSD, are concentrated in the 
dorsal cingulum. Cingulum FA correlates with default-mode functional connectiv-
ity. The IFOF, which integrates the auditory and visual association cortices into the 
prefrontal cortex, has been implicated in the pathophysiology of OCD [64]. Reduced 
FA is also present in the right IFOF of patients with GAD [65]. Young healthy par-
ticipants with high trait anxiety have been reported to show significantly decreased 
FA values in the CR, anterior thalamic radiation (ATR), IFOF, and CC, compared 
with subjects with low trait anxiety [66]. The altered WM may be a vulnerability 
marker in individuals at high risk for clinical anxiety. The inferior IFOF might con-
nect the frontal and occipital lobes and modulate anxiety responses to environmen-
tal stimuli [67]. Decreased FA in the inferior IFOF has been reported in other 
anxiety disorders including panic disorder and OCD [68, 69]. Reduced FA in the 
inferior IFOF might disturb sensory integration and cognitive or emotional regula-
tion of sensory perception. The ILF is an important afferent fiber of the amygdala 
and connects the temporal cortex with visual areas and with the fusiform gyrus. 
According to a meta-analysis, the ILF takes part in a common brain mechanism of 
anxiety disorders and plays a major role in face processing. One study found that 
reduced FA values in the right ILF and SLF in patients with SAD negatively corre-
late with the severity of anxiety [70]. These findings raise the possibility that the 
pattern of WM abnormalities in the right SLF and ILF may be implicated in one 
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aspect of the pathophysiology of SAD, namely, the dysfunction of face processing, 
leading to deficits in social interactions. Reduced FA values in the SLF are also sup-
ported by tract-based spatial statistics studies in OCD and PTSD. The anterior CR 
(ACR) includes thalamic projections from the internal capsule to the cortex [37, 
38]. WM abnormalities in the ACR can affect emotional processing and the execu-
tive attention network [32, 43]. In previous DTI studies on PTSD, the cortical-ACR- 
IC-thalamus-limbic pathway, rather than the cortical UF-limbic pathway, was 
suggested to play a key role [45–47]. The cortical-thalamus-limbic pathway plays a 
prominent role in the regulation of emotional behavior in PTSD patients [48, 49]. 
Alterations in the ACR-thalamus pathway are more extensive than in the UF path-
way, as they result in decreased FA values in the CR and ATR in healthy individuals 
with high levels of anxiety.

 Commissural Pathways

 CC, Forceps Minor, and Forceps Major
The CC is the largest fiber bundle connecting the two hemispheres. The forceps 
minor passes through the CC and connects medial and lateral frontal cortices and 
the forceps major curves backward, linking the occipital poles of the hemispheres. 
The CC has many functions such as the regulation of motor, sensory, emotional, and 
cognitive functions, including attention and intelligence [25, 50]. Dysfunction of 
the CC has been implicated in the pathogenesis of OCD [31, 52]. In an OCD study, 
increased FA values were found in the major and minor forceps, bilateral corticospi-
nal tract, right ATR, and bilateral SLF [44]. In contrast, a PTSD study reported 
decreased FA in the forceps minor [57]. WM abnormalities in populations with high 
anxiety involved not only the anterior CC but also extended to the forceps minor.

 Projection and Thalamic Pathways

 Fornix
The fornix is the main axonal output pathway from the hippocampus to the mam-
millary bodies and has been identified as a key region in memory and executive 
functions [71–73]. The fornix is also a part of the larger Papez circuit, an important 
network in the limbic system, and is involved in the regulation of emotions [74]. A 
positive correlation between trait anxiety scores and the mean FA value was obtained 
in the fornix and the left UF [58].

 Conclusion

The white matter-based structural brain network of a trait anxiety seems to be asso-
ciated with the uncinate fasciculus, a major pathway between the amygdala and 
orbitofrontal cortex. Apparent white matter micro-alterations in patients with panic 
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disorder are present in diverse and widespread regions, although alterations vary in 
terms of clinical symptom severity and comorbidities. Social anxiety disorder is 
associated with structural dysconnectivity in a fronto-limbic network consistent 
with reduced fractional anisotropy values in uncinate fasciculus and inferior longi-
tudinal fasciculus. The pathogenesis of obsessive-compulsive disorder may include 
abnormal findings in not only the fronto-striato-thalamic circuit but also the poste-
rior and temporal regions of forceps major and cingulum bundle. Taken together, 
studies of white matter in anxiety elucidated overlapping patterns of fronto-cortical 
and fronto-limbic changes with uncinate fasciculus and cingulum alterations.
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5Anxiety Disorders and the Brain’s 
Resting State Networks: From Altered 
Spatiotemporal Synchronization 
to Psychopathological Symptoms

Georg Northoff

 Introduction

Anxiety and depression are among the most common symptoms. According to the 
World Health Organization (WHO), 20 million North Americans suffer from 
depression which also causes major economic burden with an estimated €92 billion 
[1]. Importantly, depression and anxiety can be associated with different disorders. 
Most typically, depression and anxiety occur in those psychiatric disorders that are 
classified as anxiety disorders in DSM V; these include mainly panic disorder (PD), 
generalized anxiety disorder (GAD), social anxiety disorder (SAD), agoraphobia, 
and specific phobias – our review focuses on GAD, PD, and SAD.

In addition to cognitive and affective symptoms, subjects suffering from PD, 
GAD, and SAD often also show (i) reduced heart rate variability (HRV) [2–4]; (ii) 
abnormal perception of their own heart beat [5–8]; (iii) somatic and especially car-
diac symptoms like racing heart rate, heart palpitations, and chest pain [2, 3, 7, 8]; 
and (iv) increased risk for coronary artery disease and atrial fibrillation [9]. Taken 
together, the combination of both affective and somatic-cardiac symptoms in anxi-
ety disorders suggests abnormal coupling of the brain’s neural and the heart’s car-
diac activity.

The present paper focuses on how the brain’s resting state and its functional con-
nectivity process and monitor the cardiac inputs from the heart. The main and over-
arching hypothesis is that abnormalities in the brain’s resting state activity lead to 
dysfunctional coupling between the heart and brain in anxiety disorders. That, as we 
elaborate on the basis of recent findings in both healthy and anxiety subjects, can be 
traced to alterations in those mechanisms that allow for spatiotemporal synchroni-
zation between neural and cardiac activity within the brain’s resting state.
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The first part of the paper focuses on recent findings in healthy subjects on how 
neural and cardiac activity are coupled and synchronized both spatially and tempo-
rally within the brain’s ongoing resting state activity. We will establish various 
hypotheses about various mechanisms of spatiotemporal synchronization of neural 
and cardiac activity within the brain’s spontaneous activity. That provides the basis 
for the second part about anxiety disorders. We here review recent findings on rest-
ing state abnormalities in various networks in anxiety disorders. That provides the 
basis for suggesting abnormal expression of spatiotemporal synchronization of neu-
ral and cardiac activity within the brain’s spontaneous activity in these disorders. 
We thus establish a set of experimentally testable hypothesis about abnormal spatio-
temporal brain-heart synchronization in anxiety disorders which provide direct link 
to the psychopathological symptoms like anxiety, unstable self, and increased 
bodily awareness.

The here suggested approach sets anxiety disorders within the framework of the 
recently introduced “Spatiotemporal Psychopathology.” Spatiotemporal 
Psychopathology suggests primarily spatiotemporal (rather than affective or cogni-
tive) mechanisms to provide the link between the brain’s neural changes and the 
mind’s psychopathological symptoms [10–16].

 Part I: Brain-Heart Coupling – Spatiotemporal Synchronization 
in the Healthy Brain

 Spatial Relationship Between Neural and Cardiac Variability

Initial investigations using brain imaging with functional magnetic resonance imag-
ing (fMRI) during the so-called resting state (i.e., absence of specific tasks or stim-
uli) show close coupling between the heart and brain in healthy subjects [17]. 
observed direct relation between heart rate variability (HRV) and resting state func-
tional connectivity in the brain, specifically in the insula, amygdala, and dorsal ante-
rior cingulate cortex (dACC) see also [18, 19].

Others have observed close coupling of neural activity in ventromedial prefrontal 
cortex (VMPFC) (and adjacent perigenual anterior cingulate cortex (PACC)), 
somatosensory and somatomotor cortex, and subcortical regions (like periaqueduc-
tal gray (PAG), thalamus, and lentiform nucleus as part of the so-called central 
autonomic network (CAN)) with the high-frequency content of HRV recordings 
[18–20].

Other investigations of the brain using magnetoencephalography (MEG, a tech-
nique with high temporal resolution) show direct temporal coupling between the 
brain’s oscillatory activity and heart rhythm during the brain’s resting state [21–26] 
(see below for mechanistic details). Such coupling can specifically be observed in 
the insula, the somatosensory cortex, and the PACC and VMPFC – the MEG (which 
cannot capture subcortical regions) thus confirm the cortical regions involved in 
brain-heart coupling.
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The very same regions and SN are also recruited during task-evoked activity 
related to the awareness of the heartbeat, i.e., interoceptive awareness (see [27, 28] 
for the recent distinction between interoceptive accuracy, sensitivity, and awareness 
as well as physiological interoception). Studies by others [29, 30] and our group [5, 
31, 32] demonstrated strong involvement of the insula, dACC, thalamus, and 
somatosensory/motor cortex during heartbeat counting which requires awareness of 
one’s own heart. Moreover, VMPFC and PACC are less deactivated (in fMRI) dur-
ing interoceptive awareness of the own heartbeat [31].

Taken together, the regions mediating brain-heart coupling in the healthy brain 
can be subsumed under three main neural networks as they have been identified in 
the brain’s resting state [33]. (i) The insula, amygdala, dACC, and thalamus form 
the salience network (SN) [34]; (ii) the somatosensory cortex and its associated 
regions are at the core of the somatosensory-motor network (SMN); and finally (iii) 
VMPFC and PACC are part of the default-mode network (DMN) [35, 36].

The involvement of these networks in brain-heart coupling raises the question for 
the exact mechanisms how the neural activity of these regions couples to the ongo-
ing cardiac input. The findings suggest that neural variability in the brain’s resting 
state activity is related to cardiac variability, e.g., heartrate variability (HRV). That 
is further supported by the fact that the frequency range in which fMRI resting state 
neuronal variability is typically measured (0.01–0.1 Hz) corresponds well to the 
frequency range of slow and fast HRV (0.01–0.1). Our first neuro-cardiac hypothe-
sis is thus that there is a direct relationship between neural and cardiac variability in 
the brain’s resting state activity in regions of SN, SMN, and DMN. The coupling 
between neural and cardiac variabilities raises the question for the underlying tem-
poral mechanisms which shall be the focus in the following.

 Phase-Based Temporal Synchronization of the Heart and Brain

We so far discussed the regions/networks and their resting state and task-evoked 
activity implicated in brain-heart coupling in anxiety disorders. This leaves open (i) 
the neuronal mechanisms underlying brain-heart coupling and (ii) how the latter can 
account for the psychopathological symptoms observed in anxiety disorders. Let us 
start with the first point, the neuronal mechanisms of brain-heart coupling, for which 
we briefly go back to the healthy brain.

As said above, the group around Tallon-Baudry conducted several MEG and 
intracranial EEG studies on brain-heart coupling and how that is related to percep-
tion and our sense of self (see [37] for an excellent overview). Thereby we need to 
understand two different mechanisms, first, the one that allows for the coupling 
between neuronal and cardiac activity in the brain and, second, how that transforms 
into mental features like perception, emotion, and self. Let us start with the first 
mechanism, that is, neuro-cardiac coupling.

Park et  al. [21–24] conducted several studies using MEG or intracranial EEG 
(iEEG) while at the same time recording the heartbeat with ECG. It is well known that 
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the heartbeat induces an event-related potential in the brain which is described as heart-
beat-evoked potential (HEP) [38]. Since the HEP is time-wise related to the heartbeat, 
it must reflect the coupling of the brain’s ongoing neuronal activity, e.g., its so-called 
resting state or spontaneous activity, with the heart-related rhythmic activity.

The brain’s ongoing neuronal activity, that is, its spontaneous or resting state 
activity, can be characterized by continuous fluctuations and oscillation with vary-
ing phase onsets [39, 40]. Various investigations demonstrated that the brain can 
shift its phase onsets according to the onset of external stimuli as in music – this is 
described as entrainment [41] or alignment [42]. Phase shift can thus be seen as 
mechanisms by means of which the brain can actively align its own neural activity 
to external stimuli. This raises the question whether such active alignment also 
underlies the resting state’s activity coupling to the continuous cardiac input. 
Specifically, one may now want to investigate whether the phase onsets in the brain’s 
spontaneous activity are temporally coupled and ultimately synchronized with the 
onsets of the heartbeats (and ultimately the amplitude of the HEP) as they are pro-
cessed by the brain.

[21–24] observed that the phase onset of the brain’s ongoing neuronal fluctua-
tions is locked to the timing of the ongoing heartbeat, e.g., the R-peak as measured 
in ECG. The phase onset in the brain’s ongoing neuronal fluctuations was coherent 
across numerous heartbeats and thus temporally phase-locked to the latter – this 
could be measured by and was reflected in high values of the brain’s intertrial coher-
ence (ITC) (as in the frequency range between 4 and 7 Hz) relative to the heartbeat 
onset [24]. This strongly suggests that the timing of both the brain, e.g., phase onset 
as measured by ITC, and the heart, e.g., heartbeat onset including HRV, is coupled 
and thus synchronized with each other.

The ITC, in turn, was directly related to the amplitude of the HEP with higher 
ITC leading to higher amplitude in the HEP [24] therefore concluded that the ampli-
tude of HEP can, at least in some major part, be linked to the phase shift, i.e., 
ITC. The ITC reflecting the coupling between the brain’s phase onsets and the tim-
ing of the heartbeat (as processed by the brain) can thus be conceived a marker of 
brain-heart coupling. Moreover, as ITC mediates the amplitude of HEP, the latter 
can be conceived a second marker. That needs to be distinguished from mere power 
changes as measured by event-related spectral perturbation (ERSP) as these do not 
mediate the amplitude of HEP [24].

Taken together, the data suggest that temporal synchronization is a central mech-
anism in coupling neural and cardiac activity in the brain. Specifically, as such syn-
chronization is mediated by coherence or phase, we speak of phase-based temporal 
synchronization between the rhythms of both the brain and the heart – this is mani-
fested in the amplitude of HEP. Low temporal synchronization, e.g., low ITC, will 
reduce HEP amplitude, while high degrees of temporal synchronization with high 
ITC will enhance the amplitude of HEP (see Fig. 5.1a).

We can thus formulate yet another neuro-cardiac hypothesis. The temporal coupling 
of neural and cardiac activity in the brain’s resting state activity is mediated by phase 
shift resulting in neuro-cardiac phase entrainment or alignment as it can be measured 
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by intertrial coherence (ITC). The phase shift, in turn, mediates the amplitude of the 
heartbeat-evoked potential (HEP). The temporal phase alignment thus modulates the 
amplitude the cardiac input can induce in the brain’s resting state activity.

 Spatiotemporal Brain-Heart Synchronization Shapes Mental 
Functions (Emotion, Bodily Awareness, and the Sense of Self)

We identified phase-based temporal synchronization as core mechanism in coupling 
neural and cardiac activity. This allows us to proceed to our second question, 
namely, how temporal synchronization impacts and shapes mental features like per-
ception, emotion, bodily awareness, and sense of self. To test that, Park included 
tasks for visual perception [21, 22], body awareness [24], and sense of self [23, 25, 
26] and related them to neuro-cardiac coupling, namely, the HEP, as investigated in 
various MEG or iEEG studies (see [37] for an overview).

[21, 22] observed that visual perception, e.g., visual consciousness, is directly 
dependent upon the degree of neuro-cardiac temporal synchronization in specifi-
cally visual cortex and insula. The same holds for bodily awareness: different 
degrees in the amplitude of HEP in the insula (as region of SN) and the somatosen-
sory cortex (as part of SMN) were related to different degrees of bodily awareness 
(as tested for by synchronous vs asynchronous brush stroke) [24].

Finally, [25, 26] and [23] could show that the subjects’ experience of their own 
self as either “I” or “me” is directly related to the amplitude of the HEP and its 
underlying neuro-cardiac temporal synchronization in specifically the VMPFC as 
part of DMN. The DMN is well known to be involved in our sense of self [43, 44], 
the SMN has been related to bodily awareness [45], and the SN is central in mediat-
ing both sense of self [46, 47] and emotions [48]. Given the findings by the group 

Phase-based temporal synchronization: Intertrial coherence (ITC)  

Heartbeat-evoked potential: Amplitude 

a

Fig. 5.1a Neuro-cardiac phase-based temporal synchronization and the heartbeat-evoked poten-
tial (HEP)
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around Tallon-Baudry, one may now want to assume that these regions’/networks’ 
involvement in mental features like emotions, bodily awareness, and sense of self 
may, in part, be related to phase-based temporal synchronization between neural 
and cardiac activity (see [37] who makes this point) (see Fig. 5.1b).

In sum, the findings by the group around Tallon-Baudry shows that phase-based tem-
poral synchronization in specific networks like SN, SMN, and DMN between neuronal 
and cardiac rhythms may not only allow for brain-heart coupling but, at the same time, 
also strongly shape mental features like perception, bodily awareness, and sense of self. 
We therefore speak of spatiotemporal synchronization as mechanism of brain-heart cou-
pling which (i) allows connecting, e.g., synchronizing neuronal and cardiac activity, and 
(ii) shaping mental features like emotions, bodily awareness, and sense of self.

One would consequently expect that changes in these networks, e.g., DMN, SN, 
and SMN, as in anxiety disorders, are (i) based on altered phase-based temporal 
synchronization between neuronal and cardiac activity, which, in turn, (ii) should 
lead to abnormalities in the respective mental features like emotion, bodily aware-
ness, and sense of self with the corresponding psychopathological symptoms. That 
is indeed the case in anxiety disorder as we will discuss in the following.

 Part II: Brain-Heart Coupling – Spatiotemporal Hypo- 
and Hyper-synchronization and Its Psychopathology 
in Anxiety Disorders

 Resting State Abnormalities in SN, DMN, and SMN

Several studies on resting state functional connectivity in PD have been conducted 
(see [3, 49–51] for reviews). [52] reported increased rsFC in the midline regions 

Phase-based temporal synchronization 

Default-mode network Somatomotor network Salience network

Sense of self Bodily 
awareness

Emotion/anxiety

b

Fig. 5.1b Neuro-cardiac phase-based temporal synchronization in different networks and related 
psychological functions
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including perigenual and posterior cingulate cortex (PACC, PCC) as typical default- 
mode network (DMN) regions. Corresponding changes in midline regions of DMN 
were observed by [53] who found increased rsFC especially in the PCC and precu-
neus (see also [54]).

In addition to midline DMN regions, other studies observed major changes in 
sensory and motor regions that are included in the salience network (SN) and, in 
part, the sensorimotor network (SMN). A whole-brain approach observed increased 
rsFC between the thalamus and postcentral cortex, i.e., sensory cortex which also 
correlated with the degree of anxiety (as measured in the Spielberger trait-state 
anxiety) [7] (see also [55]).

The SN is also a major focus in PD. Various resting state fMRI studies of the 
brain’s functional connectivity in PD demonstrate alterations in the regions of the 
SN with changes in the amygdala and MPFC, dACC, and insula being most promi-
nent [7, 49, 56–58]. Moreover, [59] demonstrated abnormal change in resting state 
functional connectivity in the amygdala and medial prefrontal cortex during induc-
tion of perseverative cognition (i.e., excessive worry) in PD patients.

A recent review by [3] (see also [51]) compared resting state functional connec-
tivity (rsFC) in panic and social anxiety disorders. They demonstrate that SAD and 
PD share abnormalities, e.g., reductions in rsFC, in DMN in specifically PACC and 
VMPFC that are closely connected to the insula [47]. At the same time, SAD and 
PD also differ from each other. In addition to DMN changes, SAD exhibits increased 
rsFC in SN including especially the amygdala, insula, and dorsal anterior cingulate. 
PD, in contrast, while sharing abnormal rsFC in DMN with SAD, exhibits addi-
tional rsFC changes, e.g., increases, in specifically the SMN with a specific focus on 
primary and secondary somatosensory cortex.

In sum, the resting state data in anxiety disorders like PD, SAD, and GAD show 
shared rsFC abnormalities, e.g., reductions, in DMN including anterior midline 
regions like PACC and VMPFC that are known to be closely connected to the insula 
[47, 48]. At the same time, rsFC changes, e.g., increases, can be observed in other 
networks like salience network and somatosensory network that, unlike DMN, are 
rather restricted to one of the anxiety disorders (see Fig. 5.2).

In sum, anxiety disorders show abnormalities in DMN, SN, and SMN. Specifically, 
DMN rsFC is reduced in all anxiety disorders, whereas connected networks like SN 
and SMN exhibit rsFC increases that are more specific to GAD, PD, or SAD. This 
suggests that the resting state balance of each of these networks, e.g., SMN and SN, 
relative to the DMN may be abnormal in the different anxiety disorders: the balance 
shifts away from the generally shared reduction in DMN toward increases in either 
SN (SAD) or SMN (PD). We will see later that such abnormal DMN/SMN or DMN/
SN balances may be central in yielding both shared and differential psychopatho-
logical symptoms in GAD, SAD, and PD (see also [3]).

Most interestingly, these networks also mediate the brain’s processing of the 
cardiac input (see above). Given the supposed relationship between neural and car-
diac variability (see above), these findings in anxiety disorders raise the question 
whether the abnormalities in their resting state’s functional connectivity go along 
with abnormal neuronal variability in the same regions. Following our neuro- cardiac 
hypothesis in healthy subjects (see above), one would expect first that neuronal 
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variability in regions of DMN, SN, and SMN is abnormal and, second, that abnor-
mal neuronal variability is related to abnormal HRV in anxiety disorders.

There is indeed some support for abnormal neuronal variability in DMN, SN, 
and SMN in anxiety disorders which though is tentative given the low number of 
studies [60–62]. Moreover, as indicated in the introduction, HRV is abnormal, e.g., 
reduced in anxiety disorders [2, 3]. What remains unclear is whether the potentially 
altered neuronal variability in DMN, SN, and SMN is related to the reduced HRV in 
anxiety disorders.

Hence, future investigation may want to (i) investigate neuronal variability in 
resting state activity of DMN, SMN, and SN; (ii) demonstrate relationship between 
altered rsFC and resting state neuronal variability in DMN, SMN, and SN in anxiety 
disorder; (iii) connect potentially altered neuronal variability to the changes in HRV; 
and (iv) investigate neuronal variability in different infraslow frequency ranges 
(slow 5, 0.01–0.027 Hz; slow 4, 0.27–0.073 Hz; slow 3, 0.073–0.198 Hz; slow 2, 
0.198–0.2 Hz) as they are related to different frequency ranges of HRV (very slow, 
slow, fast). This may allow for detecting frequency-specific alterations in coupling 
between neuronal and cardiac variability in anxiety disorder (which may vary from 
patient to patient as well as between the different anxiety disorders).

 Task-Evoked Abnormalities of Brain-Heart Coupling in SN, DMN, 
and SMN

Task-evoked activity during brain-heart coupling can be measured by employing the 
abovementioned paradigm of interoceptive awareness of the own heartbeat (see 
above). While this has been done in healthy subjects [29, 31, 32], there is only one 

Default-mode network: Decrease in 
resting state FC in GAD, SAD, and PD  

Somatomotor network: Increase 
in resting state FC in PD  

Salience network: Increase 
in resting state FC in SAD 

Fig. 5.2 Changes in resting state functional connectivity (FC) in different neural networks in 
anxiety disorders
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recent study in anxiety disorders like GAD, SAD, and PD (see though [63] in pho-
bia) measuring task-evoked activity during interoceptive awareness of the own 
heartbeat [8]. As we here only focus on task-evoked studies that specifically test for 
the neural correlates of interoceptive awareness of the own heart, we leave out oth-
ers that investigate task-evoked activity during emotional processing in anxiety dis-
orders (see [50] for a recent review).

Applying fMRI, [8] investigated both rsFC and task-evoked activity during 
interoceptive awareness in drug-naïve subjects with GAD [8]. They firstly observed 
that GAD subjects showed an abnormally increased sensitivity in their body percep-
tion (as measured with the Body Perception Questionnaire, BPQ) which concerned 
dimensions as autonomous nervous system, awareness, and stress. These findings 
confirm that these subjects (and that applies to PD and SAD too) suffer from an 
abnormally increased perception related to their own vegetative or autonomous ner-
vous system that monitors the vegetative input to the brain from the body including 
the heart.

The same subjects also underwent task-evoked and resting state activity in 
fMRI. Task-evoked activity was measured during the abovementioned interoceptive 
awareness task where subjects are required to monitor and count their own heartbeat 
(when compared to the monitoring and counting of an external tone). Most interest-
ingly, the GAD subjects showed increased task-evoked activity in various subregions 
of the insula including both the anterior insula (as closely connected to the PACC and 
VMPFC) and the posterior insula (as closely connected to the secondary somatosen-
sory cortex and thus the SMN). The abnormally increased task-evoked activity in spe-
cifically left anterior insula was positively correlated with the severity of symptoms 
such as “psychic anxiety.” In addition to task-evoked activity, the same subjects also 
underwent rsFC.  RsFC from anterior and posterior insula to other regions such as 
VMPFC was reduced which was related negatively to the severity of somatic anxiety.

Taken together, this study in GAD demonstrates abnormally increased task- 
evoked activity in regions of SN and SMN during interoceptive awareness (of the 
own heartbeat) (see also Fonzo et al. 2015 for more or similar regions being involved 
in task-evoked activity of positive and negative emotions) while, at the same time, 
rsFC from these regions to those of the DMN (VMPFC) is reduced. Importantly, 
both increased task-evoked activity in SMN and SN regions as well as their reduced 
rsFC to DMN correlated with psychopathological symptoms, e.g., psychic and 
somatic anxiety. Confirming and extending the resting state data, these findings 
further point out the central role of an abnormal balance of DMN with SN and/or 
SMN in anxiety disorders like GAD, SAD, and PD.

Moreover, these findings support the above suggested assumption that the resting 
state abnormalities in these networks are related to abnormal brain-heart coupling 
and HRV in anxiety disorders. Future investigations may thus want to demonstrate 
(i) how resting state neuronal variability in SMN, DMN, and SN changes during 
specifically task-evoked activity related to interoceptive awareness; (ii) how HRV 
changes during the transition from rest to task; and (iii) how the frequency ranges of 
neuronal variability change during the transition from rest to task including their 
relationship to the HRV changes.
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 Spatiotemporal Hypo- and Hyper-synchronization in DMN, SMN, 
and SN

The findings show abnormal resting state and task-evoked activity in regions of 
DMN, SMN, and SN in anxiety disorders (see above). At the same time, we demon-
strated that the very same regions and networks are central in mediating phase- 
based temporal synchronization between neuronal and cardiac activity in the healthy 
brain (see above). This raises the question whether, and, if so, how the changes in 
resting state and task-evoked activity in these networks in anxiety disorders are 
related to abnormal phase-based temporal synchronization between neuronal and 
cardiac activity.

The resting state findings in anxiety disorders are mostly based on functional 
connectivity, e.g., rsFC.  RsFC describes the correlation between two or more 
regions’ time series [36]. Importantly, recent investigation in both fMRI [39, 64] 
and iEEG [65] show that rsFC is based on phase and, more specifically, phase-based 
coherence or synchronization between the different regions’ time series: the more, 
for instance, two regions’ phase are coherent and thus synchronized, the higher their 
resulting rsFC [39] which directly probed and compared different ways of calculat-
ing rsFC.

The phase-based nature of rsFC carries far-reaching implications for interpreting 
the abnormalities of rsFC in anxiety disorders. All anxiety disorders share the 
decrease of rsFC in DMN. Given the presumably phase-based nature of rsFC, one 
would now assume that the DMN regions are less synchronized with each other in 
anxiety disorders resulting in their decreased spatiotemporal synchronization with 
reduced rsFC.  One can thus speak of “spatiotemporal hypo-synchronization” of 
DMN resting state activity in anxiety disorders. The converse seems to hold in SMN 
and SN.  The findings suggest that SN and SMN show increased rsFC and thus 
increased spatiotemporal synchronization in SAD and PD, respectively – we there-
fore speak of “spatiotemporal hyper-synchronization” of SMN and SN resting state 
activity in SAD and PD.

Putting all together, one may want to speak of a spectrum of different possible 
degrees of spatiotemporal synchronization. What we observe as “normal” degree of 
spatiotemporal synchronization, e.g., rsFC, in the healthy brain may reflect an inter-
mediate or average value. In contrast, the abnormally high or low degrees of rsFC, 
indexing spatiotemporal hypo- or hyper-synchronization, may reflect extreme val-
ues on the spectrum of different possible degrees of spatiotemporal synchroniza-
tion. Accordingly, future phase-based analysis of rsFC in DMN, SN, and SMN in 
anxiety disorders is needed to support our hypothesis.

 Abnormal Cross-Frequency Coupling in DMN, SMN, and SN

Based on the data on healthy subjects, we now traced rsFC abnormalities in DMN, 
SN, and SMN anxiety disorders to an underlying abnormal phase-based coherence 
or synchronization. Interestingly, as pointed out above, the same networks that show 
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rsFC in anxiety disorders are also central to processing in temporal synchronization 
between neuronal and cardiac activity. This raises the question whether abnormal 
spatiotemporal hypo- or hyper-synchronization, e.g., rsFC, in DMN, SN, and SMN 
is related to abnormal temporal synchronization between neuronal and cardiac 
activity in anxiety disorders. We thus search for connecting rsFC-related spatiotem-
poral (hypo- and hyper-) synchronization with neuro-cardiac temporal (de)
synchronization.

We first and foremost have to say that both rsFC-based spatial synchronization 
and neuro-cardiac temporal synchronization operate in different frequency ranges. 
The rsFC findings were obtained in fMRI which operates in the infraslow frequency 
domain between 0.01 and 0.1 Hz, whereas the ITC and HEP findings were observed 
in MEG/iEEG that operate in a much faster frequency domain from 1 to 180 Hz 
with the ITC being observed between 4 and 7 Hz (while the slower frequencies 
around the heartbeat itself and its HRV (e.g., 1 Hz and lower) were filtered for meth-
odological reasons). Due to such difference in frequency ranges, we cannot directly 
link and relate rsFC-related spatial (hypo- or hyper-)synchronization to neuro- 
cardiac temporal (de)synchronization in anxiety disorders.

However, impossible direct linkage does not preclude indirect connection. One 
mechanism could be cross-frequency coupling (CFC) [66]. For instance, the phase 
of the slower frequency around 0.01–0.1 Hz (as measured with rsFC in fMRI) could 
bind and thus synchronize with the amplitude of the faster frequencies (0.1–4 and 
7 Hz) (as measured in MEG/iEEG) which indeed has been demonstrated in com-
bined fMRI-EEG studies [67]. Moreover, as shown by [39], there is also cross- 
frequency coupling within the infraslow frequency range as measured with 
fMRI. Accordingly, CFC seems to be important in synchronizing neuronal activity 
between different frequency ranges.

Such temporal synchronization between different frequency ranges within the 
neuronal activity itself in terms of CFC raises the question whether analogous CFC 
also occurs between neuronal and cardiac activity. For instance, CFC could mediate 
temporal synchronization between the infraslow frequencies (0.01–0.1 Hz) of the 
ongoing brain’s resting state activity and the faster frequencies of the heartbeat 
(0.1–1 Hz). This is especially important in anxiety disorders. The clearly observed 
resting state abnormalities in the infraslow range of 0.01–0.1 Hz may alter CFC 
within the brain’s neuronal activity which, in turn, may alter temporal synchroniza-
tion between neural and cardiac activity. The resting state FC abnormalities would 
then directly impact neuro-cardiac temporal synchronization. That remains to be 
tested though.

We therefore hypothesize that anxiety disorders can be characterized by abnor-
mal cross-frequency coupling between infraslow and faster frequency ranges as that 
is important for temporal synchronization of neural and cardiac activity. Specifically, 
following rsFC and its spatial hypo- and hyper-synchronization, we hypothesize 
decreased CFC in DMN but increased CFC in SMN and SN in anxiety disorders. 
That, in turn, as it needs to be investigated in the future, may strongly impact neuro- 
cardiac temporal synchronization in the 0.1/4–7 Hz range including its measures 
like ITC and HEP.  Specifically, one would expect that decreased CFC leads to 
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decreases in both ITC and HEP, as we assume it to be the case in DMN, while 
increased CFC should lead to increases in both ITC and HEP as it may be the case 
in SN and SMN in anxiety disorders.

 Spatiotemporal Hypo-synchronization in DMN and Instability 
of Self

We demonstrated that rsFC is most likely related to spatiotemporal synchronization 
reflecting phase-based coherence between different regions within a specific net-
work like DMN. Decreased rsFC in DMN, as observed in anxiety disorders, may 
thus reflect spatiotemporal hypo-synchronization such that the various DMN 
regions are no longer as strongly tied and connected together as network. Due to 
such spatiotemporal hypo-synchronization, the DMN as one phase-based coherent 
network may thus become more instable, e.g., less synchronized, on neuronal 
grounds. This carries major neuronal and psychological implications.

Spatiotemporal hypo-synchronization means that the DMN as network becomes 
more unstable in its neuronal activity as its various regions, being less synchronized 
with each other, are “now more on their own” and independent of each other. That 
introduces instability into DMN neuronal activity in the infraslow range of 0.01–
0.1 Hz. That very same infraslow neuronal instability may make the coupling of the 
infraslow to faster frequencies more difficult resulting in decreased CFC.  The 
decrease in CFC, in turn, may also impair temporal synchronization between neuro-
nal and cardiac activity (in faster frequencies) such that both become desynchro-
nized from each other in regions like VMPFC and PACC as core regions of 
DMN. The DMN’s spatiotemporal hypo-synchronization in the resting state’s rsFC 
would then lead to reduction in neuro-cardiac temporal hypo-synchronization – the 
latter should be manifested in lower phase locking with reduced intertrial coherence 
(ITC) (in the 0.1/4–7 Hz range) in the brain’s resting state activity.

Accordingly, put in a nutshell, we assume that spatiotemporal hypo- 
synchronization in DMN leads to neuro-cardiac temporal desynchronization in 
anxiety disorders. The neuronal instability of DMN may thus affect the neuro-car-
diac coupling which, analogously, may then also become unstable if not resulting in 
neuro-cardiac temporal desynchronization. While such neuro-cardiac temporal 
desynchronization remains to be investigated in anxiety disorders, it has already 
been reported in fMRI of posttraumatic stress disorders (PTSD) [18, 19]. Since 
PTSD is also featured by strong anxiety, one would expect more or less analogous 
findings in anxiety disorders.

The instability of both DMN network neuronal activity and neuro-cardiac cou-
pling may carry major psychological implications. As pointed out the DMN is cen-
tral in mediating internal cognition like sense of self [43], episodic simulation with 
prospection into the future and retrospection into the past, and mind wandering [13, 
68]. Moreover, the above-presented findings by the group around Tallon-Baudry 
clearly demonstrate that neuro-cardiac coupling in VMPFC/PACC as core regions of 
DMN is related to the sense of self, e.g., “I” vs “me” [25, 26] (see above for details).
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Given the DMN findings, one would expect the sense of self to be less synchro-
nized and thus instable as based on spatiotemporal hypo-synchronization within 
DMN as manifested in reduced rsFC. Moreover, one would expect that the self can 
no longer integrate different time scales as it has no access to different frequency 
ranges beyond itself due to reduced CFC in DMN. Finally, one would expect that 
the self is no longer aligned with the own body as related to decreased neuro-cardiac 
temporal synchronization. Together, this leads to an increased spatial and temporal 
instability in self as it is indeed a hallmark feature in anxiety disorders which may 
be manifested in abnormal internal cognition as in episodic simulation (as in abnor-
mal foresight of the futures) [69] and mind wandering [68–70] (see Fig. 5.3a).

 Spatiotemporal Hyper-synchronization in SMN/SN and Increased 
Emotions/Anxiety (SAD) and Bodily Awareness (PD)

In addition to rsFC decrease in DMN, the findings show increased rsFC in SMN 
(PD) and SN (SAD) (see above). One would consequently assume spatiotemporal 
hyper-synchronization in SMN or SN accompanying DMN spatiotemporal hypo- 
synchronization. Following the neuronal and psychological results of brain-heart 
coupling in the healthy brain (see above), one would assume the following 
hypotheses.

Spatiotemporal hyper-synchronization means that the SMN/SN as network 
becomes more stable in its neuronal activity as its various regions, being more syn-
chronized with each other, are “now more with each other” and thus more dependent 
on each other. That increases network stability in the infraslow range of 0.01–0.1 Hz. 
Increased infraslow neuronal stability may make the coupling of the infraslow to 
faster frequencies easier resulting in increased CFC. The increase in CFC, in turn, 
may enhance temporal synchronization between neuronal and cardiac activity (in 
faster frequencies) such that both become hyper-synchronized with each other in 
regions like insula, amygdala, thalamus (SN), and somatosensory cortex (SMN).

The spatiotemporal hyper-synchronization of SMN/SN in the 0.01–0.1 Hz range 
of rsFC should lead to higher CFC and ultimately higher neuro-cardiac temporal 
synchronization in the 0.1/4–7 Hz range. The spatiotemporal hyper-synchronization 
of SMN/SN in the 0.01–0.1 Hz range of rsFC should lead to higher CFC and 
ultimately higher neuro-cardiac temporal synchronization in the 0.1/4–7 Hz range. 
The increased rsFC indexing spatiotemporal hyper-synchronization in SMN/SN 
should then be accompanied by increased neuro-cardiac temporal synchronization 
as manifested in higher phase synchronization  with increased intertrial coherence 
(ITC) (in the 0.1/4–7  Hz range) in the brain’s resting state activity.

Accordingly, put in a nutshell, we assume that spatiotemporal hyper- 
synchronization in SMN/SN leads to temporal hyper-synchronization between the 
brain and the heart in anxiety disorders. The increased neuronal stability of SMN/
SN may thus affect the neuro-cardiac coupling which, analogously, may then also 
become increasingly stable resulting in increased neuro-cardiac coupling mediated 
by phase-based temporal hyper-synchronization. Such neuro-cardiac temporal 
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hyper-synchronization remains to be investigated in SMN and SN in anxiety disor-
ders though. The increased stability of both SMN/SN network neuronal activity and 
neuro-cardiac coupling may carry major psychological implications.

The SN and specifically the insula, thalamus, dACC, and amygdala including 
their neuro-cardiac coupling are strongly associated with emotions like anxiety. 
Increased stability of both SN and neuro-cardiac coupling in specifically amygdala 
and insula may abnormally enhance emotions and especially anxiety  – that is 
exactly what one can observe psychopathologically in specifically SAD (see also 
[71] and [39] as well as [57, 59, 72]) where increases in SN rsFC have been reported. 
Moreover, since SN and especially insula are central in processing the heartbeat 
(see above), one would expect abnormally increased SN function to go along with 
increased neuro-cardiac coupling in this region resulting in increased perception or 
awareness of the own heartbeat, e.g., increased interoceptive awareness (see [73, 
74]), in specifically SAD (where the insula and SN are abnormal) (see Fig. 5.3b).

The SMN and its neuro-cardiac coupling are involved in proprioception and 
awareness of the own body (see [24, 45]). Increased stability of both SMN and its 
neuro-cardiac coupling may result in increased awareness of the own body’s pro-
prioceptive stimuli and ultimately in higher awareness of the own body, e.g., 
increased bodily awareness, and various somatic symptoms (see also [75]). This is 
well compatible with the psychopathological symptoms of PD (where the SMN is 
abnormally increased) where increased awareness of bodily sensation and the own 
body as a whole are core symptoms (see, as described above, 8 for support). 
However, the link between SMN spatiotemporal hyper-synchronization, increased 
neuro-cardiac coupling, and increased bodily awareness remains to be demonstrated 
(see Fig. 5.3c).

Spatiotemporal hypo-synchronization in DMN: Decreased rsFC

Phase-based temporal de-synchronization of neuro-cardiac coupling

Unstable sense of self

a

Fig. 5.3a Altered default-mode network (DMN) and its psychopathological symptoms
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 Conclusion

We here reviewed recent rsFC and task-evoked findings, conducted mainly in fMRI, 
in anxiety disorders. Core findings include altered rsFC in DMN, SN, and SMN 
which suggests disbalances in their relationships with the tilting of DMN/SN and 
DMN/SMN ratios toward the non-DMN networks. These findings suggest spatio-
temporal hypo-synchronization between the regions’ rsFC in the infraslow frequency 
range in DMN (all anxiety disorders), while one may assume spatiotemporal hyper-
synchronization in SMN (PD) and SN (SAD). That, as we hypothesize, may be 
related to increased or decreased neuro-cardiac coupling as mediated by phase- based 
temporal synchronization (as demonstrated in healthy subjects in MEG and iEEG).

Taken together, we assume two spatiotemporal mechanisms to play a central role 
in yielding psychopathological symptoms in anxiety disorders. First, the findings 
suggest spatiotemporal hypo- and/or hyper-synchronization in the neural activity of 
networks like DMN< SMN and SN. Secondly, based on clinical finding in anxiety 
disorders and neuronal observations in healthy subjects, we suggest these network 
abnormalities to lead to abnormal, e.g., increased or decreased, phase-based tempo-
ral synchronization of neuronal and cardiac activity. Together, spatiotemporal hypo- 
or hyper-synchronization in the different resting state networks, e.g., DMN, SMN, 
and SN, and associated increased/decreased neuro-cardiac temporal synchroniza-
tion are shown to most likely underlie core psychopathological symptoms such as 
unstable self, increased emotions/anxiety, and/or increased interoceptive and/or 
bodily awareness in anxiety disorders.

Phase-based temporal hyper-synchronization of neuro-cardiac coupling

Increased emotion and anxiety

Spatiotemporal hyper-synchronization in SN: Increased rsFC

b

Fig. 5.3b Altered salience network (SN) and its psychopathological symptoms. Altered somato-
motor network (SMN) and its psychopathological symptoms
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Psychopathological symptoms in the different domains of self (unstable self), 
emotions (increased anxiety), and bodily awareness (increased interoceptive and 
bodily awareness) may thus be based primarily on spatiotemporal mechanisms in 
the brain’s neuronal activity, e.g., its resting state networks’ spatiotemporal syn-
chronization, and its neuro-cardiac coupling, e.g., phase-based temporal synchroni-
zation. Such spatiotemporal (rather than primarily affective or cognitive) basis of 
psychopathological symptoms in anxiety disorders is well compatible with the 
recent suggestion of “Spatiotemporal Psychopathology” [10–13, see also 14–16].
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 Introduction

One of the most prevalent and complicated mental illnesses worldwide would be 
anxiety disorders. As genome-wide association studies (GWASs) have not been able 
to identify genes related to anxiety disorders [1], it has been proposed that there is a 
strong association between environmental factors and the epigenome. However, 
only two loci were pinpointed using meta-analysis study of GWASs, namely, the 
rs1709393 single nucleotide polymorphism (SNP) found in the long intergenic non-
protein coding RNA 2085 (LINC02085) gene and also the rs1067327 SNP in the 
calcium/calmodulin-dependent protein kinase II gamma (CAMKMT) gene associ-
ated with anxiety disorders [2]. In terms of clinical applications of genomic associa-
tion studies, advanced methods such as epigenetics and gene-environment (G × E) 
interactions have been applied to investigate the involvement of genes to anxiety 
disorder pathogenesis. In comparison to healthy controls, anxiety disorder patients 
reflected relationship between environmental factors and relevant genes, as accumu-
lating evidence suggested [3]. Although more discoveries in agreement with such 
hypothesis are validated, a significant amount of possible biomarkers in G × E inter-
actions and epigenetics have been found to be related to anxiety disorders. In this 
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chapter, we briefly examined a variety of current research investigations in relation 
to G × E interactions and epigenetics considering the assessment and understanding 
of presumed risk mechanisms in anxiety disorder pathogenesis.

Initially, we reexamined candidate genes associated with anxiety disorders in 
G × E interaction studies which were pinpointed as candidate biomarkers. Then, 
some of the probable genes evaluated in epigenetic studies and also found to be 
associated with anxiety disorders were assessed. Last, we suggested future perspec-
tives of studies in G × E interactions and epigenetics, as well as their limitations. As 
for future research, replication studies with independent and extensive cohorts are 
required to determine the role of candidate biomarkers discussed in previous studies 
regarding G × E interactions and epigenetics for anxiety disorders.

 Environmental Factors and G × E Interactions on Anxiety 
Disorders

 Environmental Factors on Anxiety Disorders

Many environmental risk factors are associated with anxiety disorders, including 
early adverse childhood experiences (e.g., child maltreatment, emotional abuse, 
sexual abuse, physical abuse, and neglect), stressful life events (such as family and 
marriage conflicts, disrupted interpersonal relationships, job problems, events 
related to adverse physical health, loss events, financial difficulties, legal and crime 
matters, and perinatal conditions), as well as stress itself [4].

 G × E Interactions on Anxiety Disorders

In this section we looked into several association studies which examined both mul-
tilocus interactions and single-locus effects to verify the hypothesis that selected 
candidate genes may play a part in anxiety disorders individually and through com-
plex G × E interactions. Robust replications and associations with anxiety-related 
G  ×  E interactions have been made for three loci, namely, BDNF, FKBP prolyl 
isomerase 5 (FKBP5), and serotonin transporter gene-linked polymorphic region 
(5-HTTLPR) [5]. This review is not intended as a comprehensive survey of all pos-
sible reports studied in the literature.

 Serotonin Transporter Gene-Linked Polymorphic Region (5-HTTLPR)
Short and long alleles are commonly reported for the 5-HTTLPR variant in the 
SLC6A4 (serotonin neurotransmitter transporter) gene, with the short allele having 
an association with lower SLC6A4 gene expression activity [6]. In comparison to 
the long allele, which has 16 repeats of a sequence, the short allele in 5-HTTLPR 
has only 14 repeats.

Caspi et al. carried out the first study to investigate G × E interactions between 
stressful life events and the 5-HTTLPR variant in the SLC6A4 gene [7]. A 
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prospective longitudinal study was conducted by Caspi et  al. involving 1037 
Dunedin children by interviewing them at regular intervals for evaluations of their 
stressful life events occurring between the age of 21 and 26 years [7]. Caspi et al. 
reported an interesting G × E interaction between the 5-HTTLPR variant and stress-
ful life events to make risk predictions for depressive symptoms among individuals 
carrying one or two 5-HTTLPR short alleles [7].

In addition, in order to verify the hypothesis that the 5-HTTLPR variant may 
affect anxiety sensitivity, which is an intermediate phenotype for anxiety, Stein 
et  al. examined the 5-HTTLPR variant and G × E interactions through complex 
interactions with childhood maltreatment within a sample of ethnically diverse col-
lege undergraduates [8]. Stein et  al. found that, when compared to carriers with 
long/long or short/long genotypes of 5-HTTLPR, the G × E interactions between 
childhood maltreatment and the 5-HTTLPR variant have arousing tendency of anxi-
ety sensitivity for short-allele homozygotes [8].

On the other hand, research done by Klauke et al. indicated supporting results in 
G  ×  E interactions between the 5-HTTLPR variant and childhood maltreatment 
showing that healthy adults with long/long genotype in the 5-HTTLPR variant 
expressed higher anxiety sensitivity when compared to those of short/short or short/
long genotypes [9].

 Brain-Derived Neurotrophic Factor (BDNF)
The gene known as brain-derived neurotrophic factor (BDNF) gene has been associ-
ated with geriatric depressive disorders, cognitive function, as well as major depres-
sive disorder [10]. Kaufman et al. carried out an earlier G × E study and discovered 
a putative three-way interaction between the 5-HTTLPR variant, the rs6265 
(Val66Met) SNP of BDNF gene, and childhood maltreatment history in influencing 
depression risks [11].

Verification of G  ×  E interactions between childhood maltreatment and the 
BDNF rs6265 SNP in influencing anxiety in healthy young Korean adults (n = 206) 
was investigated by Min et al. [12]. In this study, combinations between the BDNF 
rs6265 SNP and childhood maltreatment in all subjects and then in gender-stratified 
groups were evaluated in order to assess their impacts [12]. In all subjects, G × E 
interactions involving childhood maltreatment and the BDNF rs6265 SNP were not 
found [12]. Interestingly, their analysis showed G × E interactions for male indi-
viduals (n = 108), but were not identified for female subjects [12].

In a group of 308 participating adolescents in mixed races (n = 308), Martin et al. 
verified the hypothesis of whether BDNF rs6265 may be linked to anxiety sensitivity 
risks through complex G × E interactions by evaluating G × E interactions between 
childhood treatment and the BDNF rs6265 SNP [13]. However, no such interactions 
were found, indicating that the relationship between the increased risk of anxiety 
sensitivity and BDNF rs6265 is not determined by childhood maltreatment [13].

 Fatty Acid Amide Hydrolase (FAAH)
Lazary et al. carried out a study (n = 858) to verify the hypothesis of the possible 
association between the etiology of anxiety and depression and the fatty acid amide 
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hydrolase (FAAH) gene, individually, and also by complex G × E interactions with 
addition of impact from childhood trauma by examining both single-locus effects 
and G × E interactions [14]. In this study, considerable effects of the FAAH rs324420 
SNP with depression were found in single-locus analysis [14]. In addition, child-
hood trauma and the FAAH rs324420 SNP involved in G × E interactions were 
suggested for depression as well as anxiety [14].

 RAR-Related Orphan Receptor A (RORA)
The RAR-related orphan receptor A (RORA) gene has been reported to be in asso-
ciation with depressive symptoms [15]. Min et al. studied whether G × E interac-
tions exist between childhood maltreatment and the RORA gene in terms of their 
impacts on the anxiety sensitivity of healthy young Korean adults (n = 205) [16]. 
Gender differences were used to assess the effects of combinations between child-
hood maltreatment and the RORA gene [16]. Again, Min et al. observed a G × E 
interaction for male subjects but not for females [16]. However, when male and 
female individuals were combined, no G × E interactions with regard to childhood 
maltreatment and the RORA rs11071547 SNP were found [16].

 Epigenetic Mechanisms and Anxiety Disorders

With the recent progressions in scientific research, results indicated that psychiatric 
disorders such as anxiety disorders may involve epigenetic mechanisms, including 
microRNAs, histone modifications, and DNA methylation [17]. Methyl group is 
added to the DNA molecule, especially when a cytosine is followed by a guanine 
(CpG dinucleotide), which is the process of DNA methylation [18]. DNA methyla-
tion is activated by the DNA methyl-transferase protein family, which now plays a 
major role in epigenetics and is globally linked with decreased transcriptional activ-
ity [19]. Although CpG islands, CpG-rich regions in promoter regions, have been 
the main focuses in DNA methylation studies, other genomic regions (e.g., inter-
genic regions and gene bodies) remain less understood [19].

In addition, a key player in the new arena of epigenetics is small noncoding 
RNAs, namely, microRNAs, in particular. Nucleotide sequence of noncoding RNAs 
does not produce proteins. MicroRNAs are smaller than 200 nucleotides in length 
[20, 21]. Histone modification involves histone proteins being covalently modified 
through posttranslational changes, which then form nucleosomes through their 
interactions with DNA [17].

This section discusses the latest developments in the realm of epigenetics in 
regard to anxiety disorders. As researchers pay a fair share of attention to epigenetics 
research, growing numbers of research studies have been conducted. This review is 
not intended as a comprehensive survey of all possible epigenetic reports studied in 
the literature.
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 DNA Methylation

The association between childhood maltreatment and epigenetic mechanism of 
DNA methylation has been proposed by both human and animal studies [22]. There 
are also supportive evidence showing that the risks in psychiatric disorders like 
anxiety disorders are affected by adverse early-life events and stressful events dur-
ing adulthood [23]. In terms of animal models, it has been suggested that changes in 
the DNA methylation levels of genes, namely, estrogen receptor (Esr1), glial cell- 
derived neurotrophic factor (Gdnf), nuclear receptor subfamily 3 group C member 
1 (Nr3c1), arginine vasopressin (Avp), glutamate decarboxylase 1 (Gad1), and 
Slc6a4 (serotonin neurotransmitter transporter) genes, may be due to stressful early- 
life events [24–29].

A well-known potential biomarker for anxiety disorder pathophysiology is the 
BDNF gene [30]. In a study investigating animal model of childhood maltreatment, 
Roth et al. found that DNA methylation in the Bdnf gene in rats was increased by 
stressful early-life events [31]. Consistently, subsequent animal studies also indi-
cated that the Bdnf gene is linked to changes in DNA methylation [32, 33].

In a study in older French women (aged 65 and older), Chagnon et al. tested 
whether four selected genes, namely, oxytocin receptor (OXTR; including rs53576), 
apolipoprotein E (APOE; including rs429358 and rs7412), BDNF (including 
rs6265), and SLC6A4 (including rs25531), are involved in the association between 
their DNA methylation and anxiety disorders [34]. In comparison to healthy con-
trols (n = 19), they found that the BDNF gene in patients with anxiety disorders 
(n = 24) had greater DNA methylation [34]. The same was also found for the OXTR 
gene in terms of greater DNA methylation [34]. On the other hand, no significant 
differences were found for the SLC6A4 and APOE genes [34].

Childhood maltreatment and anxiety, substance abuse, and depressive disorders 
in adults (n = 340) were all found to be associated with decreased methylation in the 
NR3C1 gene in a study done by Tyrka et al., where the NR3C1 gene encodes gluco-
corticoid receptor [35]. Furthermore, comparing with healthy subjects (n = 85), a 
study done by Wang et al. indicated an association between patients with general-
ized anxiety disorders (n = 64) and increased methylation of the NR3C1 gene [36].

Also, Ciuculete et al. investigated whether there are epigenetic differences in the 
promoter of the serine/threonine kinase 32B (STK32B) gene associated with an 
increased risk for generalized anxiety disorder in adolescents (n = 221) [37]. Their 
data confirmed there is 1% methylation increase in one CpG site within the STK32B 
promoter in adolescents at high risk of generalized anxiety disorder [37].

To test whether anxiety disorders are associated with epigenetic mechanisms, 
Emeny et  al. further conducted an epigenome-wide association study using a 
population- based cohort (n = 1522) on anxiety [38]. A methylation increase of 48.5% 
was found in a single CpG site within the ankyrin repeat promoter and also that of the 
SOCS box containing 1 (ASB1) gene in subjects with high risks of severe anxiety, 
indicating that the ASB1 gene in anxiety disorders is epigenetically regulated [38].
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 MicroRNAs

It has been suggested by results from many human and animal studies that miRNAs 
may be involved in the etiology of anxiety disorders, as well as in many central 
nervous system functions [39]. In the context of animal models, it has also been 
implicated that microRNAs may be a risk factor for anxiety disorders, such as miR- 
132/miR-212, miR-101a, miR-34b, and miR-135a [40–43]. It has been suggested 
that anxiety-induced microRNAs may regulate inflammation through suppression, 
as well as induce metabolic syndrome-related conditions, indicating that microR-
NAs may have similar regulatory networks in both metabolic syndrome-related and 
anxiety-related disorders [44].

Furthermore, Cohen et al. explored whether there is a causal relationship between 
miR-101a and anxiety disorders in the amygdala of rats. Their data indicated that an 
increase in the expression of miR-101a in the rat amygdala leads to also an increase 
in anxiety-like behavior in rats [41]. Consistently, Mannironi et al. demonstrated 
that the knockdown of miR-135a in the mouse amygdala may also cause an increase 
in anxiety-like behavior, implicating microRNA-dependent mechanism of miR- 
135a in the mouse amygdala for regulating anxiety-like behavior [42].

 Histone Modifications

In an animal model, Moonat et  al. reported that the epigenetic role of histone 
deacetylase isoforms may be implicated in the genetic predisposition to anxiety and 
alcoholism [45]. Epigenetic modulation of chronic anxiety disorders may involve 
histone deacetylation, as reported by Tran et al. [46].

 Perspectives

It should be noted that the aforementioned studies are faced with several limitations. 
First, as the size of the cohort is small-scaled, conclusions made are not completely 
reliable [47]. Second, there is no complete replication consistency in the various 
biomarkers across independent studies, making results somewhat inconclusive. 
Third, it is also important to examine the differences in these candidate biomarkers 
across the various ethnic groups as diversified populations may result in different 
outcomes [20].

To assess G × E interactions, future studies may take advantage of leveraging 
novel machine learning techniques such as generalized multifactor dimensionality 
reduction [10, 48]. Quite a number of preferred learning methods also encompass 
artificial neural network algorithms, multifactor dimensionality reduction, Bayesian 
approaches, regression models, and generalized multifactor dimensionality reduc-
tion to weigh G × E interactions [49]. Moreover, future research can look over the 
contributions of genetic biomarkers by whole genome sequencing [50] or exome 
sequencing [51]. Due to the cost-cutting and maximized throughput of 
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next-generation sequencing technologies, whole genome sequencing is a more 
complete method of genomic research and gives a wide spectrum of genetic varia-
tion in a single person [52]. Exome sequencing, which selectively sequences the 
nucleotides of protein-coding exons in a single person, has been utilized as an effi-
cient and alternative method for Mendelian disorders and common diseases [51]. In 
summary, integrating whole genome sequencing approaches with novel machine 
learning tools may potentially build up an in-depth understanding of G × E interac-
tions on anxiety disorders.

In future work, thorough evaluations may involve the use of bioinformatics pipe-
lines, validating whether diagnostic prediction studies may replicate initial findings. 
In addition, in order to illustrate genetic networks at the genome level, custom 
machine learning and data mining pipelines should be used to investigate candidate 
biomarkers. Ultimately, future work requires a combination of different biomarkers, 
including metabolomics, clinical data, transcriptomics, genetics, imaging data, pro-
teomics, and epigenetics in order to understand the pathogenesis of anxiety disor-
ders and therapy [49]. Additionally, artificial intelligence approaches (such as 
machine learning, natural language processing, and computer vision) play a key 
role in wiping out the false-positive candidate genes that were found in the current 
association studies with meta-analysis, epistasis analysis, and pathway models [49]. 
Finding information missing from any data source and bridging up the gap between 
biological regulation models and phenotypes may be carried out by combining 
machine learning and deep learning models with multi-omics data [53]. While pre-
dictive tests are currently unavailable for disease states and treatment remission in 
anxiety disorders ahead of time, artificial intelligence and data science techniques 
will be explored to forecast the likelihood of drug efficacy and provide guidance on 
choosing medications for clinicians in future research [54].
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7The Role of the Oxytocin System 
in Anxiety Disorders

Seoyoung Yoon and Yong-Ku Kim

 Introduction

Oxytocin is a neuropeptide, a category that includes endogenous substances that are 
synthesized by, distributed within, and involve a variety of functional roles in the 
central nervous system. Oxytocin is synthesized in magnocellular oxytocin- 
containing neurons in hypothalamic nuclei, including the paraventricular (PVN), 
accessory, and supraoptic nuclei (SON). These nuclei project to the posterior pitu-
itary where oxytocin is then secreted into the general circulation. Parvocellular 
oxytocin-containing neurons are also in the PVN, which project to the brainstem 
and spinal cord [1]. Oxytocin acts on peripheral targets and modulates renal water 
reuptake, autonomic functions, metabolism, pain, and immune responses [2, 3]. 
Oxytocin also acts as a key hormone in parturition and lactation [4]. As a neuropep-
tide, oxytocin receptors are widely distributed in the central nervous system, and 
oxytocin’s neurobehavioral role has received attention. Immunohistochemical 
localization of oxytocin receptors using a monoclonal antibody determined that the 
distribution of oxytocin receptors includes cortical, limbic, and hypothalamic 
regions, especially the amygdala, cingulate cortex, and ventrolateral septum [5]. As 
the anterior cingulate and amygdala have been studied with respect to psychiatric 
disorders including depression, bipolar disorder, schizophrenia, autism, and anxiety 
disorders [6–12], oxytocin may affect the pathophysiology of a number of psychiat-
ric disorders. The largest volume of behavioral studies focuses on the role of oxyto-
cin in social affiliative behavior, between parent and newborn, and in the contexts of 
sexual intimacy and trust [4, 13]. Oxytocin has thereby been referred to as the “love 
hormone” or “cuddle hormone.” As psychosocial stress heightens anxiety, against 
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which social support might have a protective effect, oxytocin potentially moderates 
anxiety via its prosocial properties [14]. Oxytocin also seems to modulate the 
hypothalamic- pituitary-adrenal axis response to stressful conditions [15]. Other 
neurobehavioral roles for oxytocin seem to be related to anxiety. Functional neuro-
imaging studies demonstrated the effects of intranasal oxytocin in modulating brain 
functions, especially connections between the amygdala and various regions includ-
ing the periaqueductal gray, reticular formation, medial frontal cortex, and inferior 
frontal gyrus, which are related to the autonomic fear response, emotional regula-
tion, and social cognition [16–18]. Fear learning and extinction, which are impor-
tant in the pathogenesis and treatment of anxiety disorder, are also related to 
oxytocin [19].

As growing evidence suggested that oxytocin is related not only to the anxiety 
and fear response itself but also to behavioral and cognitive characteristics that 
moderate anxiety, such as social behavior and cognition and learning and extinction, 
the relationship between anxiety disorder and oxytocin has also been studied regard-
ing genetic vulnerability, gene-environment interactions via epigenetic studies, and 
the impacts of oxytocin on anxiety, related behavior, and brain activity. Clinical 
trials of therapeutic oxytocin as monotherapy or adjunctive with psychotherapy also 
have been conducted. Although a previous study found a correlation between 
plasma oxytocin concentrations and cerebrospinal fluid [20], oxytocin has limited 
ability to cross the blood-brain barrier, and assessing the effects of oxytocin on the 
central nervous system using peripheral markers such as serum level has limitations 
[21]. Therefore, intranasal application has been used in clinical trials to deliver 
oxytocin to the central nervous system [22].

In this chapter, we review current evidence from preclinical and clinical studies 
to introduce neurobehavioral mechanisms by which oxytocin modulates anxiety 
disorder. Then, we review the interactions of oxytocin and other systems known to 
be related to anxiety disorder. Finally, studies restricted to anxiety disorder as 
defined by the DSM-5 and the potential role of oxytocin in managing anxiety disor-
der are discussed.

 Anxiolytic Effects of Oxytocin and Possible Neurobehavioral 
Mechanisms

 (1) Oxytocin and Anxiety

In preclinical studies, oxytocin has shown anxiolytic effects in rodent animal 
models that may be gender dependent. Female rats with oxytocin deficits (OT-/OT-) 
showed increased anxiety-related behavior compared to the wild type. Further, cen-
tral infusion of oxytocin antagonists increased anxiety-related behavior in wild-type 
female rats. Central administration of synthetic oxytocin showed anxiolytic effects. 
However, oxytocin-deficient male mice did not show increased anxiety [23]. In 
other rodent studies, oxytocin administration showed anxiolytic effects in both 
female and male rodents [24–28]. Increases of endogenous oxytocin related to preg-
nancy, lactation, and sexual activity were also related to anxiolytic effects [29–31].
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Relationships between anxiety and oxytocin were also found in humans. In chil-
dren, oxytocin concentrations in both plasma and cerebrospinal fluid had negative 
correlations with trait anxiety scores [20]. However, this negative correlation 
between plasma oxytocin and trait anxiety was only found in male adults, and fur-
thermore, in female adults higher plasma oxytocin was related to greater attachment 
anxiety [32]. In a genetic study, the AA genotype of oxytocin receptor (OXTR) 
single nucleotide polymorphism (SNP) rs53576 was related to increased harm 
avoidance, which reflects an anxiety-related temperament, compared to G carriers. 
A carriers also had smaller amygdala volumes bilaterally and reduced resting-state 
functional coupling between the prefrontal cortex and amygdala bilaterally in an 
allele load-dependent manner [33]. This suggests a role for oxytocin in anxiety 
along with a potential neural mechanism. Intranasal oxytocin administration in 
healthy volunteers reduced levels of anxiety in anxiogenic conditions including 
7.5% CO2 inhalation, a validated experimental model of generalized anxiety disor-
der, anxiety felt before public speaking, or the Trier social stress test [14, 34, 35].

 (2) Social Cognition and Emotion Processing

Social cognition is defined as “the mental operations that underlie social interac-
tions, including perceiving, interpreting, and generating responses to the intentions, 
dispositions, and behaviors of others” [36]. Social perception, emotion processing, 
theory of mind, and attributional style are considered four core domains of social 
cognition by expert consensus [37]. Although this concept arose from research on 
schizophrenia and has received attention in relation to autism, studies of social cog-
nition in anxiety disorder itself also exist. A recent meta-analysis reported deficits in 
mentalizing and emotional cognition in PTSD, although this disorder has been 
excluded from the anxiety disorder category since the DSM-5, and attributional 
biases in social phobia and other anxiety disorders [38]. In particular, in social anxi-
ety disorder, which is characterized by marked fear or anxiety about social situa-
tions, fear of being negatively evaluated by others can be affected by social cognitive 
processing such as self-focused attention, deficits in emotional knowledge, and 
theory of mind [39–41]. In a functional brain imaging study, patients with social 
anxiety disorder showed diminished medial prefrontal cortex activation compared 
to healthy controls during a trust game used to evaluate mentalizing [42].

Within vertebrates, studies of neuropeptides and social behavior focus primarily 
on the oxytocin/vasopressin family. Homologs of oxytocin and vasopressin have 
been identified in various species, from hydra to vertebrates, and have been shown 
to modulate social and reproductive behaviors [4]. In animal studies, OT knockout 
mice showed loss of social recognition, reduced social behaviors, and increased 
aggression [43–45]. Cognitive and emotional processing, including accurate 
appraisal of socially relevant emotional information and enhanced memory of pre-
viously encountered socially relevant emotional information, influence emotions 
such as fear and anxiety toward social situations as well as the relevant behavior 
[46]. Effects of oxytocin on the recognition of emotions through facial expression 
have been repeatedly studied. Intranasal oxytocin improved the recognition of facial 
expressions reflecting positive emotion [47]. Although this earlier study did not find 
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improved recognition of negative facial expressions [47], other studies demon-
strated similar effects toward negative facial expressions associated with fear, anger, 
or sadness [48–50]. A meta-analysis found that intranasal oxytocin enhanced emo-
tional recognition of overall facial expressions, and when restricted to the type of 
emotion, accuracy of recognition for happy and fearful faces was significantly 
improved [51]. As the eye region gives the most relevant cues about emotion in 
facial expression, improved facial recognition might be regulated by increased 
reflexive gaze shifts toward the eye region, which are also increased by oxytocin 
[52, 53]. This increased attention to the eye region showed correlations with supe-
rior colliculi and amygdala activation [52]. However, the relevant study findings are 
inconsistent. In a clinical study of healthy males, intranasal oxytocin improved 
speed of processing in facial recognition but did not affect accuracy or eye-gaze 
pattern, unlike in previous studies [54]. The authors proposed that the effect of oxy-
tocin on eye-gaze varies depending on the salience of the eye regions of the faces 
used in tasks.

Deficits in social cognition are important negative and cognitive symptoms of 
schizophrenia. Studies in schizophrenic patients found that oxytocin improves 
social cognition in complex and higher level processes. Detection of sarcasm, 
deception, and empathy was improved after a single dose of intranasal oxytocin 
[55]. Another clinical trial in schizophrenia found that intranasal oxytocin also 
improved controlled social cognition, such as comprehending indirectly expressed 
emotions and intentions through deliberations, although this effect was not found in 
healthy controls [56]. A meta-analysis of social cognition and intranasal oxytocin in 
schizophrenia found that features of high-level social cognition, such as mentalizing 
and theory of mind, were significantly improved by oxytocin, but low-level features 
such as social cue perception were not affected by oxytocin [57]. In another meta- 
analysis among patients with neurodevelopmental disorders, intranasal oxytocin 
significantly affected the theory of mind and led to moderate but nonsignificant 
effects on empathy.

As individuals with anxiety disorders often find it difficult to discriminate 
between threatening and non-threatening conditions and tend to overgeneralize fear 
to harmless situations, improving the accuracy of emotional stimuli recognition can 
be anxiolytic [58]. More accurate recognition of facial expressions after oxytocin 
treatment could therefore induce prosocial behavior. Reduced ambiguity may help 
individuals to feel more at ease with facial expressions and increase empathy [59, 
60]. Previous studies found that oxytocin modulates early attentional bias toward 
facial expressions [61, 62]. Considering that maladaptive attentional bias preferen-
tially heightens attention to threat cues and strengthens avoidance behavior, which 
in turn aggravates anxiety, reduced attentional bias and improved recognition can 
help in exploration of facial expression and promote social engagement, eventually 
reducing anxiety. However, not all studies demonstrate positive impacts of oxytocin 
on social cognition. A randomized controlled trial found that intranasal oxytocin 
impaired social working memory in individuals with higher levels of social anxiety 
[63]. Such heterogeneous results from oxytocin studies of social cognition might be 
explained by context and subject characteristics that warrant more study [64].

S. Yoon and Y.-K. Kim



107

 (3) Fear Learning and Fear Extinction

Fear conditioning and generalization are pathogenic mechanisms in anxiety dis-
order [65]. Fear conditioning happens when an aversive stimulus is paired with a 
neutral stimulus. After repeated pairing, the neutral stimulus alone can induce fear 
responses and anticipation of the aversive stimulus, resulting in avoidance behavior. 
Posttraumatic stress disorder (which is no longer included as an anxiety disorder 
according to DSM-5 criteria) and specific phobia are typical disorders related to 
fear conditioning. Fear responses can be elicited by a broader range of stimuli shar-
ing similar characteristics to the original stimulus, a phenomenon known as fear 
generalization [66]. Generalization of fear to safe conditions due to proliferating 
anxiety cues in an individual’s surroundings is an important psychopathology of 
generalized anxiety [67]. In panic disorder, fear conditioning to interoceptive stim-
uli also takes part in pathogenesis [68]. In a clinical study, patients with panic dis-
order showed stronger conditioned generalization effects than healthy counterparts 
[69]. After fear learning, when the neutral stimulus that elicited the fear response is 
repeatedly presented without the aversive stimulus, the fear response is reduced, an 
effect known as extinction. Delayed or reduced fear extinction has been observed in 
anxiety patients [70]. Fear memory and extinction memory are consolidated in 
long-term memory. Consolidated memory becomes temporarily unstable when 
recalled, and behavioral or pharmacological interventions during this unstable 
period can reconsolidate memory [71]. Through this mechanism, exposure-related 
therapy that reactivates the traumatic event and facilitates extinction learning can 
reduce fear and anxiety.

Several brain regions and circuits play important roles in fear learning and 
extinction. The amygdala is related to fear acquisition and extinction [72]. The hip-
pocampus and prefrontal cortex modulate fear acquisition and extinction [71]. As 
previously described, oxytocin receptors are present in the amygdala and prefrontal 
cortex. Previous studies found that oxytocin plays an important role in fear memory- 
related processes. In a rodent study, infusion of oxytocin or a selective agonist 
resulted in time-dependent and brain region-dependent effects on fear acquisition 
and extinction. Manipulation of oxytocin after fear retrieval was related to facili-
tated extinction in the infralimbic region of the medial prefrontal cortex. However, 
in the basolateral amygdala, synthetic oxytocin impaired extinction, while the selec-
tive agonist facilitated extinction. Oxytocin manipulation before conditioning also 
resulted in different effects in region-specific ways, such that micro-infusion into 
the basolateral amygdala was related to an increased fear response, while a reduced 
fear response was found after micro-infusions of a selective agonist in the central 
amygdala [19]. Another rodent study found conflicting results that the infusion of 
oxytocin in both the basolateral and central amygdalae were related to fear acquisi-
tion. This difference may have resulted from variation in the level of fear among 
subjects [73]. A third rodent study found that the effects of oxytocin-related fear 
acquisition and extinction may differ according to subject age. Juvenile rats showed 
enhanced fear with reduced extinction after microinjection of an oxytocin agonist in 
the amygdala, unlike adult rats [74]. Inhibition of fear memory reconsolidation after 
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reactivation by oxytocin administration was suggested as a possible mechanism 
[75]. It was also suggested that rather than the inhibition of reconsolidation, the 
post-retrieval process was related to extinction facilitation after oxytocin treatment 
[76]. In a clinical study, modulatory effects of oxytocin on fear memory and extinc-
tion were also found. Intranasal oxytocin administered after fear conditioning was 
related to increased prefrontal activity and dampened amygdala activity, along with 
an increased fear response, in early phases of extinction; however, the fear response 
decreased in later phases and thus oxytocin facilitated fear extinction [77]. 
Facilitation of fear extinction by oxytocin has also been shown in other human stud-
ies [76, 78]. Based on such findings, exposure therapy with oxytocin augmentation 
was studied in patients with anxiety-related disorders, including specific phobia 
[79], social anxiety disorder [80], and posttraumatic stress disorder [81, 82]. But for 
now, clinical trials of oxytocin in patients with anxiety disorder show only limited 
effectiveness.

 Interactions with Other Neuroendocrine and Neurotransmitter 
Systems

 (1) Hypothalamic-Pituitary-Adrenal Axis

Psychosocial stress is the major trigger or aggravating factor in various psychiat-
ric disorders. The hypothalamic-pituitary-adrenal axis (HPA axis) directs the neuro-
endocrinologic response to stress, which is mediated by corticotropin-releasing 
factor (CRF), adrenocorticotropic hormone (ACTH), and corticosteroids [83, 84]. A 
meta-analysis of cortisol stress reactivity across psychiatric disorders found that 
females with current anxiety disorder exhibited blunted responses to stresses, 
whereas males with current social anxiety disorder exhibited increased response 
[85]. Children with anxiety disorders, including separation anxiety disorder, gener-
alized anxiety disorder, social phobia, and specific phobia, tend to have lower basal 
HPA axis function, which is a psychophysiological characteristic of chronic stress 
[86]. The relationships between the HPA axis and oxytocin have been studied. 
Oxytocin is released after stress and seems to modulate HPA axis reactivity [15]. A 
combination of oxytocin and social support decreased salivary cortisol levels in 
response to stress, increased calmness, and decreased anxiety during stress, indicat-
ing that combined oxytocin treatment is more effective than social support alone 
[14]. Genetic variation in the oxytocin receptor (rs53576) is related to salivary cor-
tisol levels and exhibits diurnal fluctuation [87]. Oxytocin has been suggested to 
reduce the stress response of the HPA axis by enhancing the negative feedback loop 
of the HPA axis through a potentiating effect on CRF-induced ACTH secretion [15]. 
Oxytocin also downregulates CRF expression in two ways, indirectly via GABA 
and directly via inhibition of a coactivator of CRF gene transcription, CRTC3 [15]. 
Discrimination between safety and threat, previously described in this chapter to be 
important in anxiety and fear, is also related to interactions between CRF and oxy-
tocin. CRF output neurons of bed nuclei of the stria terminalis suppress the 
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discrimination of safety and threat and sustain anxiety, but oxytocin receptor-medi-
ated activation of protein kinase C delta seems to inhibit the bed nuclei of stria ter-
minalis output [88].

 (2) Serotonergic System

The serotonergic system is the major treatment target in patients with anxiety 
disorder. Selective serotonin reuptake inhibitors and selective serotonin norepineph-
rine inhibitors have been used with improved efficacy in various anxiety disorders 
including panic disorder, generalized anxiety disorder, and social anxiety disorder 
[89]. Modulation of the serotonergic system by oxytocin has been demonstrated in 
animal studies and is suggested to be related to anxiety and social cognition [27]. In 
the brains of mice, tryptophan hydroxylase immunoreactive neurons were observed 
to be positive for a variant of yellow fluorescent protein that replaced the oxytocin 
receptor gene, suggesting a close relationship between the serotonergic and oxyto-
cin systems. In that study, oxytocin infusion was related to reduced anxiety-related 
behavior and facilitation of serotonin release within the median raphe nucleus. 
Further infusion of a 5-HT2a/2c receptor antagonist inhibited the anxiolytic effects of 
infused oxytocin, suggesting that these anxiolytic effects are mediated by the sero-
tonergic system [27]. However, another study of oxytocin receptor expression in 
raphe neuron-eliminated mice showed decreased inter-male aggression, which is 
important for habitat protection, but not decreased anxiety-like behavior in either 
male or female mice [90]. The procedural difference between oxytocin infusion for 
anxiolytic effects versus oxytocin receptor knockout for anxiogenic effects could 
explain this difference. Further, the lifelong deletion of the oxytocin receptor could 
result in the development of a compensatory mechanism [90]. In humans, PET 
imaging of the brains of healthy males with 5HT1A receptor antagonist showed that 
oxytocin administration modulates the serotonergic system in the dorsal raphe 
nucleus, amygdala, insula, and orbitofrontal cortex, which might be related to the 
anxiolytic action of oxytocin [91]. Effects of oxytocin on social reward also seem to 
be affected by the serotonergic system. In mice, oxytocin works as a social rein-
forcement signal within the nucleus accumbens, but the genetic deletion of the dor-
sal raphe nucleus, the origin of serotonergic innervation to the nucleus accumbens, 
abolished the social reinforcing effect [92]. Social rewards and prosocial behavior 
related to oxytocin have primarily been studied in autism, but as previously described 
this property is important in social anxiety disorders in general and in reducing 
maladaptive avoidance behavior.

 (3) GABAergic System

The GABAergic system is important for inhibitory neurotransmission in the cen-
tral nervous system via the GABAA receptor. Benzodiazepine exerts anxiolytic 
effects via increased GABAA receptor-mediated inhibitory postsynaptic currents 
(IPSCs) within the central amygdala [93]. An oxytocin agonist, TGOT, was found 
to enhance GABAergic transmission within the central amygdala [94]. Further 
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study showed that although both benzodiazepine and TGOT act on IPSCs and exert 
anxiolytic effects, the specific mechanisms by which they act are different because 
the former increases the decay time of IPSCs, while the latter increases the fre-
quency of IPSCs. The combination of the two resulted in greater decreases in spon-
taneous spiking frequency of the central amygdala than either alone [95]. Brain 
regions other than the central amygdala are related to the anxiolytic effect of oxyto-
cin via GABAA activation. In female prairie voles, oxytocin injections within the 
hypothalamic paraventricular nucleus prior to exposure to stress result in reduced 
anxiety-like behaviors and HPA axis activity along with increased GABAergic 
activity in the paraventricular nucleus. This oxytocin-related anxiolytic effect was 
hindered by GABAA receptor antagonist [96]. The medial prefrontal cortex is also 
involved in oxytocin-mediated anxiolytic effects. In the rat medial prefrontal cortex, 
oxytocin administration within the prelimbic area, but not in the infralimbic area or 
anterior cingulate cortex, was related to reduced anxiety-like behavior, increased 
GABAergic activity, and alterations in amygdala activation [97].

 Oxytocin and Anxiety Disorders

 (1) Social Anxiety Disorder

Because of the efficacy of oxytocin’s prosocial effects, most studies of anxiety 
disorder and oxytocin have focused on social anxiety disorder. These studies ana-
lyzed plasma level, genetic predispositions regarding effects of oxytocin using func-
tional neuroimaging, and related symptoms. A study found that plasma oxytocin 
levels are not significantly different between generalized anxiety disorder patients 
and healthy controls, but within the patient group, higher anxiety symptom severity 
and greater dissatisfaction with social relationships are related to higher levels of 
plasma oxytocin. In that study, the authors assumed that increased oxytocin levels 
resulted from attempts to reduce anxiety and increase social behavior [98]. This 
finding was replicated by another recent clinical study [99], in which the same 
research group assessed oxytocin levels in social anxiety disorder patients and 
healthy controls during a trust game. They found that the levels of oxytocin were 
lower in the patient group than in healthy controls, which might reflect decreased 
ability to react prosocially to other people’s indications of trust [100]. Genetic stud-
ies of social anxiety and the oxytocin system using oxytocin receptor (OXTR) or 
oxytocin (OXT) gene single nucleotide polymorphisms (SNP) indicate that in 
healthy subjects, OXTR rs53576 A allele carriers exhibit stronger negative effects 
of a less secure attachment style on social anxiety than GG homozygotes [101]. 
Adolescent girls who experienced early life adversity and are heterozygous for 
OXTR rs2254298 demonstrated higher social anxiety than controls, but anxiety 
symptoms of GG homozygous carriers who experienced early life adversity were 
similar to those of girls who experienced only low early adversity regardless of 
genotype [102]. In adolescent samples, social anxiety in OXT rs4813625 C allele 
carriers was affected by parenting style; in that lower perceived parental support 
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was related to greater social anxiety, and higher perceived parental support was 
related to lower levels of social anxiety. However, GG homozygotes did not demon-
strate any relationship between parenting style and social anxiety [103]. A poly-
genic study that analyzed five polygenic components (rather than single SNPs) 
using principal covariate regression for 223 oxytocin-related SNPs found strong 
associations with adolescent social anxiety symptoms, and environmental variables 
moderated the effect [104]. Epigenetic findings that reflect gene-environmental 
interactions also support the relationship between oxytocin, environmental factors 
such as childhood adversity, and social anxiety. A multilevel epigenetic study of 
OXTR gene methylation in patients with social anxiety disorder and healthy con-
trols found that reduced methylation is related to categorical phenotypes of social 
anxiety disorder, increased symptom severity, increased HPA axis reactivity during 
the Trier social stress test, and increased amygdala reactivity during social phobia- 
related word processing [105].

Effects of intranasal oxytocin in social anxiety disorder patients were studied in 
randomized controlled trials observing brain imaging, anxiety symptoms, and 
related social cognition. Heightened amygdala reactivity to fearful faces was 
observed in social anxiety disorder patients compared to healthy controls through 
brain functional magnetic resonance imaging (fMRI), but this heightened reactivity 
in the patient group was attenuated by oxytocin administration [106]. In generalized 
anxiety disorder patients, medial prefrontal cortex/anterior cingulate cortex reactiv-
ity to sad faces but not happy faces was greater than in healthy controls, and this 
hyperreactivity was normalized by oxytocin [107]. In brain fMRI during fearful 
face processing task in males, functional connectivity between the amygdala and 
the insula and middle cingulate/dorsal anterior cingulate gyri was reduced in social 
anxiety disorder patients compared with healthy controls. However, intranasal oxy-
tocin normalized the previously decreased connectivity between the amygdala and 
the insula and middle cingulate/dorsal anterior cingulate in the patient group [108]. 
This decreased functional connectivity between the amygdala and frontal connec-
tivity which was reversed by oxytocin administration was also found in other study. 
Resting-state functional connectivity between the amygdala and rostral anterior cin-
gulate cortex/medial prefrontal cortex was reduced in social anxiety disorder 
patients compared to healthy controls, with a relationship between higher anxiety 
symptoms and lower amygdala connectivity. However, this reduced resting-state 
functional connectivity in social anxiety disorder patients was reversed by oxytocin 
administration [109]. In a study of male social anxiety disorder patients, intranasal 
oxytocin enhanced other-oriented reward motivation in a less anxious group but not 
in more highly anxious patients. Although no significant effects on social anxiety 
itself were found in that study, this finding indicates that prosocial effects of oxyto-
cin might help social anxiety disorder patients in a severity-dependent manner 
[110]. Oxytocin-augmented exposure therapy in social anxiety disorder patients did 
not result in significant differences in overall symptom severity compared to 
placebo- augmented exposure therapy, but the oxytocin-treated group showed 
improved mental representations of self, such as evaluations of appearance and 
speech performance [80].
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 (2) Separation Anxiety Disorder

Oxytocin plays important roles in parturition and lactation and is related to 
mother-infant bonding [111]. Other affiliative behaviors among other social rela-
tionships, such as relationships between spouses, are also affected by oxytocin 
[112]. Therefore, oxytocin is commonly referred to as the “love hormone” or “cud-
dle hormone.” Studies of relationship attachment styles, the oxytocin system, and 
psychiatric disorders have therefore been performed [113–115]. Separation anxiety 
disorder is characterized by excessive anxiety about separation from an attachment 
figure. Therefore, the relationship between separation anxiety and oxytocin has 
been studied in both children and adults. Salivary oxytocin levels were tested in 
youths with DSM-5 anxiety disorders. In that study, separation anxiety disorder was 
related to significantly lower levels of salivary oxytocin than in other anxiety disor-
ders, and symptom severity was negatively associated with salivary oxytocin level 
[116]. Children’s salivary oxytocin response to interactions with their mothers was 
higher among children with separation anxiety disorder compared with children 
with DSM-5 anxiety disorders other than separation anxiety [117]. A study of preg-
nant women found that plasma oxytocin levels at 3 months postpartum were signifi-
cantly negatively correlated with symptom severity in adult separation anxiety, 
depression, and state and trait anxiety [118]. A genetic study did not detect any 
relationships between OXT mutations and social anxiety disorder, but the authors 
believed this was due to the small number of subjects and lack of statistical power 
[119]. In the case of OXTR, the rs53576 GG genotype with T-carrier genotype of 
Gβ3 (G protein β3 subunit gene) rs5443 was associated with higher levels of child-
hood and adult separation anxiety symptoms compared to other genotype carriers 
[120]. Although peripheral oxytocin levels and genetic polymorphisms of the oxy-
tocin system have repeatedly shown correlations with separation anxiety, no clinical 
studies have tested the effects of intranasal oxytocin in separation anxiety disorder.

 (3) Other Anxiety Disorders

Although oxytocin and its relationships to general anxiety and related neurobe-
havioral aspects have been extensively studied, most studies are restricted to social 
anxiety disorder and separation anxiety disorder, while studies of other anxiety dis-
orders are scarce. In the case of specific phobia, intranasal oxytocin administration 
prior to exposure therapy was performed with patients with arachnophobia as a 
double-blind, placebo-controlled trial. However, in this study, contrary to expecta-
tions, the oxytocin pretreatment group showed poorer outcomes and reduced cred-
ibility of the therapy and perceptions of therapeutic alliance than the placebo group 
[121]. In a previous section of this chapter regarding fear learning and extinction, 
we described heterogeneous results from animal and human studies according to 
severity of symptoms, age, context, and timing of oxytocin administration. It has 
been suggested that as oxytocin affects neural activity in the amygdala, anterior 
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insula, anterior cingulate, and precuneus, areas that are related to conscious moni-
toring of the surroundings, contextual framing is crucial and should be accounted 
for to avoid unfavorable outcomes [122].

A genetic association study of OXTR and panic disorder was performed in 
Japanese patients. The AA+AG genotype had protective effects compared to the GG 
genotype in both rs2254298 and rs53576 [123].

 Conclusion

Evidence has accumulated that oxytocin modulates anxiety and fear. In the brain, 
oxytocin seems to dampen phobic reactions in the amygdala and increase connec-
tivity between the amygdala and frontal areas, which in turn seems to modulate the 
top-down regulation of emotional processing. Oxytocin secretion increases under 
stressful conditions and modulates physiologic responses such as HPA axis 
response. Neurotransmitter, serotonergic, and GABAergic systems are deeply 
related to anxiety disorder and are also related to oxytocin. Some studies have found 
increased ability to correctly discriminate safe and harmful phenomena due to oxy-
tocin treatment, which in turn could reduce anxiety toward a broad range of stimuli 
and maladaptive avoidance that also strengthens anxiety. Further, as oxytocin also 
modulates social behaviors including social reward, social cognition facilitating 
prosocial behavior, social anxiety disorder, and separation anxiety disorder have 
also been studied mostly among anxiety disorder patients. Regarding the clinical 
use of oxytocin, intranasal oxytocin with exposure therapy has been attempted in 
patients with anxiety disorders, due to oxytocin’s role in fear memory extinction, 
reconsolidation, and prosocial effects that might enhance the therapeutic synergy. 
But for now most clinical studies have failed to validate the superior efficacy of 
oxytocin augmentation in anxiety disorder and sometimes demonstrate unfavorable 
outcomes. These inconclusive and heterogeneous findings in studies of anxiety dis-
order and oxytocin are explained by complex moderators, such as gender [124, 
125], age [74], childhood adversity and attachment style [113, 115], symptom 
severity [110], personality, and contextual variables such as situational factors, for 
example, dealing with familiar people or under conditions of competition or inter-
acting with members of out-groups [64, 126].

In conclusion, oxytocin is a valuable biomarker and treatment target for anxiety 
disorder. However, the complexity of variables affecting the relationship between 
anxiety disorder and oxytocin makes it difficult to interpret the results of relevant 
studies and to develop treatment strategies. Further investigations of related factors 
and clinical studies on various anxiety disorders might help to develop strategic and 
precision medicine approaches for patients with anxiety disorder.
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8Translational Studies in the Complex 
Role of Neurotransmitter Systems 
in Anxiety and Anxiety Disorders

Jocelien D. A. Olivier and Berend Olivier

 Introduction

Anxiety disorders are among the most prevalent psychiatric disorders. In DSM5, 
anxiety disorders include separation anxiety disorder, selective mutism, specific 
phobia, social anxiety disorder, panic disorder, agoraphobia, and generalized anxi-
ety disorder. The impact of anxiety disorders is high; studies in Europe [1] or the 
USA [2] estimate anxiety disorders at approximately 14% and 22%, respectively, of 
the population. Moreover, anxiety disorders are often comorbid with other psychi-
atric disorders, including mood and substance abuse disorders. Anxiety disorders 
are quite heterogeneous, and the individual disorders (e.g., panic disorder versus 
phobia or generalized anxiety disorder) are quite distant from each other. No labora-
tory blood test or brain scan or any other biomarker is yet available to distinguish 
between either disorder. The complex classification of the various anxiety disorders 
complicates or even hinders the finding and development of new psychoactive 
drugs, notably because one-to-one translation to preclinical animal models of such 
anxiety disorders is extremely difficult to realize, if not impossible. Although a clas-
sification in intermediate phenotypes [3] that are based on neurobiological mecha-
nisms probably underlying pathological anxiety processes has been suggested, this 
has not led to novel, innovative treatments for anxiety yet. Another hypothesis is 
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based on the assumption that dysfunctional neurotransmitter systems underlie dis-
turbances in the regulation of anxiety processes in the CNS. However, dysfunctional 
neurotransmitter systems are difficult to prove, and a direct relationship between 
certain neurotransmitter systems (e.g., the serotonergic or GABA-ergic system) is 
difficult to establish. Actually, drugs influencing these systems and exerting anxio-
lytic properties were found serendipitously (benzodiazepines; BDZ) or developed 
initially for other purposes (selective serotonin reuptake inhibitors; SSRIs) many 
decades ago. Since 2007, no new anxiolytic agents have been approved by the US 
Food and Drug Administration [4], and SSRIs (and to a lesser extent serotonin- 
norepinephrine reuptake inhibitors; SNRIs) remain the mainstay for the treatment 
of anxiety disorders (often augmented or preceded by certain BDZs for a limited 
time period). Not all patients respond well to serotonergic therapy, either due to 
bothersome side effects or treatment resistance.

The last decades’ intense efforts have been made both in preclinical and clinical 
studies, to find and test other mechanisms targeting anxiety-involved mechanisms in 
the CNS in order to detect new and/or improved treatments for the various anxiety 
disorders.

In the following parts, the existing anxiolytics and putative new promising anxi-
ety targets will be described. First, using a translational approach, serotonergic tar-
gets, in particular the serotonergic transporter and 5-HT1A- and 5-HT2 receptors, 
will be outlined, followed by the involvement of the GABAA system in anxiety and 
anxiety disorders. Some new potential targets will be shortly introduced (CRF1 
receptor, neurokinin1 (NK1) receptors, glucocorticoid receptors, and glutamatergic 
receptors [5, 6].

 The Serotonin Transporter (5-HTT)

There are at least 14 different serotonin receptor types (5-HT1 (A,B,D,E,F), 5-HT2 (A,B, 

C), 5-HT3, 5-HT4, 5-HT5 (A,B), 5-HT6, and 5-HT7). Except for the 5-HT3 receptor, all 
5-HT receptors are G-protein coupled. Signaling via these G-protein-coupled sero-
tonin receptors is extremely diverse, and we are still largely in the dark how these 
various 5-HT receptors operate in and contribute to the extremely complex interac-
tion in the various ongoing functions in the CNS. This diversity in combination with 
a complex distribution of the various receptors in the brain seems to bring the sero-
tonergic system in an important position to modulate various functions in the brain. 
Disruption of various aspects of serotonergic neurotransmission contributes to 
changes in vulnerability or even psychopathology, including depression, anxiety 
disorders, schizophrenia, and others [7]. All 5-HT receptors are postsynaptically 
located on non-serotonergic neurons (heteroreceptors), but 5-HT1A and 5-HT1B/1D 
receptors are also present as autoreceptors on the soma (5-HT1A) or synaptic area 
(5-HT1B/1D) of serotonergic cells (Fig.  8.1). The serotonin transporter (5-HTT) is 
localized both in the synaptic area and on the cell bodies of 5-HT neurons (Fig. 8.2). 
If serotonergic neurons fire, 5-HT is released into the synaptic cleft where it exerts 
its action on nearby pre- and postsynaptic serotonergic receptors. The 5-HTT is a 
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key regulator of 5-HT signaling. The reuptake of serotonin by serotonergic neurons 
via the 5-HTT is the main mechanism for clearing extracellular 5-HT after its 
release; this leads to the termination of 5-HT signaling and recycles 5-HT in the 
neuron for subsequent release via uptake by the vesicular monoamine transporter 
(VMAT2). Another major route to end serotonergic activity is via uptake of synaptic 
5-HT by surrounding glial cells where it is degraded to its main metabolite 
5-hydroxyindole acetic acid (5-HIAA) by monoamine oxidase-A (MAO-A).

SSRIs are presently considered as the first-line pharmaceutical treatment for anxi-
ety disorders, whereas SNRIs are considered second- or third-line treatments [8]. In 
a meta-analysis the differential efficacy of SSRIs and SNRIs and placebo in the treat-
ment of anxiety disorders (together with depression, obsessive-compulsive disorder 
(OCD) and post-traumatic stress disorder) were estimated in children and adoles-
cents [8]. SSRIs and SNRIs were about equally effective in treating anxiety disorders 
and more beneficial than placebo. Well-known, but still remarkable, is the placebo 
effect. This is a general observation in psychiatric treatments, both in pediatric and 
adult applications [9]. Notwithstanding this influential factor, it is generally accepted 
that psychotropic drugs that inhibit the 5-HTT in the CNS, exert anxiolytic activity 
in various patient groups with diverse anxiety and fear disturbances.

Fig. 8.1 Cartoon showing a serotonergic neuron and two postsynaptic non-serotonergic neuron 
(top and right). The various 5-HT receptors and the 5-HTT are schematically localized on these 
three neurons. 5-HT1A receptors are present as somatodendritic autoreceptors and postsynaptic 
heteroreceptors. 5-HT1B/1D receptors are present as presynaptic receptors in the synaptic cleft and 
as postsynaptic heteroreceptors. The 5-HTT is present in the presynaptic part and at the soma of 
the serotonergic neuron. All other receptor(types) are postsynaptically located
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For an extensive time, the 5-HT transporter has been implicated in processes 
involved in anxiety mechanisms. Blocking the 5-HTT leads to an acute rise in the 
synaptic concentration of serotonin. However, anxiolytic efficacy (similarly to 
depression) only emerges after longer treatment (weeks to months), indicating that 
long-term plasticity changes in presumed anxiety mechanisms have to take place. It 
is still largely unknown what those mechanisms are and how they come about. But 
the pathogenesis of anxiety disorders (and particularly GAD) is clearly influenced 
by many factors; moreover, many complex interactions between biological factors, 
experimental influences, and psychological mechanisms are involved [10]. In 

Fig. 8.2 Schematic representation of serotonin (5-HT) in the terminal and synapse. G-protein- 
coupled receptors are located presynaptically (5-HT autoreceptors 5-HT1A/1B) or postsynaptically 
(5-HT 1/2/3/4/5/6/7 receptors). 1: 5-HT is released from the presynaptic neuron and binds to a hetero-
trimeric G-protein postsynaptic receptor. Heterotrimeric G-protein complexes contain an α, β, and 
γ subunit, which in an inactive state are bound to GDP. 2: 5-HT acts on postsynaptic receptors and 
induces a change in the conformation of the postsynaptic receptor. GDP is phosphorylated to GTP 
and binds to the α subunit, which subsequently becomes active. The β and γ subunits are freed. 3: 
Extracellular 5-HT is taken up by the 5-HTT into the presynaptic neuron. 4: Back in the presynap-
tic neuron 5-HT is broken down by MAO to 5-HIAA (occurs also extracellularly) or is being stored 
in vesicles for future release. MAO, monoamine oxidase; 5-HIAA, 5-hydroxyindole acetic acid; 
SERT, serotonin transporter. Figure adapted from Vinkers et al. [113]
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linkage studies and non-hypothesis-driven genome-wide association studies 
(GWAS) in large populations with various anxiety disorder problems, an associa-
tion with the 5-HTT was never found [10], although some evidence emerged that a 
highly interconnected molecular network around GAD is part of the anxiety spec-
trum of disorders [11]. Candidate gene studies on putative individual nodes of this 
putative anxiety network have generated considerable evidence in favor of the sero-
tonergic system and its impact on anxiety-related endophenotypes [10, 12].

Polymorphisms in the 5-HTT-gene and its associated transcriptional control area 
influence the activity of the serotonergic system [13]. Although focusing on anxiety, 
the 5-HTT gene and its variations (SLC6A4), producing a 5-HTT protein, are asso-
ciated with several human behavioral and neurological traits but also with various 
medical disorders (e.g., myocardial infarction, pulmonary hypertension, irritable 
bowel syndrome, and sudden infant death syndrome) [14]. This indicates the impor-
tant role of serotonergic neurotransmission in various aspects of our healthy and 
diseased biology. The emerging developmental role of serotonin [15] in psychiatric 
disorders, including anxiety-related ones, suggests that developmental disturbances 
in changing serotonin levels during critical periods in development (windows) may 
have long-lasting effects on brain function, particularly on later anxiety-related 
behaviors in adulthood [16, 17].

Most research involving the role of the 5-HTTs in psychiatry including anxiety 
disorders has been performed in adult populations. Lower 5-HTT expression and 
function in genotypes with the S-allele of the 5-HTTLPR (5-HTT length polymor-
phism) are associated with anxiety and depression [18, 19]. Subsequently, the 
5-HTTPRL and associated variations in coding and noncoding regions of the 5-HTT-
gene have been associated with many aspects of psychiatric disorders [14, 20]. The 
human 5-HTT is located at chromosome 17 (17q11.2) and consists of 14 exons span-
ning around 40kB; the emerging 5-HTT protein of 630 amino acids comprises 12 
membrane domains (see Fig. 8.3). The expression of the human 5-HTT gene is mod-
ulated by a length variation (L and S variants) in the 5-HTTLPR and two SNPs in the 
same region (rs25531 and rs25332), all located upstream of the start of transcription. 
The single-nucleotide polymorphism rs25531 subdivides the L-allele into LA and LG 
alleles; the LA allele is associated with increased expression of activity compared to 
LG or S-alleles. A variable number of tandem repeat (VNTR) polymorphisms, called 
STin2, are present in intron 2, together with various SNPs influencing the activity of 
the 5-HTT protein. This polymorphism is tri-allelic, with 9-, 10-, or 12-repeat alleles. 
The latter allele is associated with enhanced 5-HTT expression [21]. It seems possi-
ble that individuals with low 5-HTT expressing genotypes, when exposed to SSRIs, 
have higher 5-HTT occupancy and saturation, theoretically associated with increas-
ing central and peripheral serotonin availability. This might manifest itself as more 
side effects [21]. The 5-HTT is an extremely important modulator of the serotonergic 
neuronal system; duration and magnitude of serotonergic neurotransmission is 
largely steered by 5-HTT activity, thereby fine- tuning 5-HT signaling. Dysfunctions 
in these signaling pathways have been related to several psychiatric disorders and 
traits, including anxiety. Although initially, the S- and L-variants of the 5-HTTPRL 
were associated with differential vulnerability to neuropsychiatric disorders (or as a 
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predictor of response to SSRIs), recent findings show a far more complicated pattern, 
where various polymorphisms inside the promoter region influence the activity of the 
5-HT reuptake properties of the 5-HTT [22].

The story of modulation of serotonergic transmission via 5-HT mechanisms 
reveals the complexity of factors involved in the genetic-function coupling of any 
psychiatric disorder. The identification of specific gene variants and their involve-
ment in anxiety is quite troublesome. It is increasingly clear that these variations 
may influence “intermediate biological phenotypes” in concert with other (back-
ground) genes, epigenetic factors, and environmental and developmental factors. 
Such complex interactions likely seem to contribute to the risk or resilience to 
develop certain psychiatric conditions. Using intermediate phenotypes may enable 
the search for associations between specific candidate genes (e.g., for 5-HTT) that 
mediate between a modulating allele and a complex disease phenotype [23].

Various studies on the 5-HTTPRL-promoter area are testing gene X environment 
and gene X gene interactions [24–27]. In general, S-alleles of 5-HTTPRL are asso-
ciated with enhanced risk for a variety of psychiatric disorders, including anxiety. 
Caspi et al. [28] hypothesized the S-allele as a “risk” or “vulnerability” allele; the 
role of the L-allele is less clear although it has been suggested as risk factor for 
development of psychopathological traits [29]. Because L- and S-alleles are 

Fig. 8.3 Different alterations in the human, rhesus, and rodent 5-HTT gene resulting in changed 
transcription levels of 5-HTT. (a) Humans and rhesus macaques have short or long alleles for the 
5-HTTLPR resulting in either lower or higher transcription levels, respectively. Since rodents do 
not carry an orthologue of this polymorphism, knockout of the 5-HTT can be achieved by (b) 
replacing exon 2 with a neo cassette (mice) or by (c) inducing a premature stop codon in exon 3 
(rats) resulting in the absence of functional 5-HTT protein. (Figure adapted from Houwing et al. 
[56])
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common to each human, and psychopathology does not happen in every individual, 
it is assumed that our genome includes “protective” alleles (e.g., CRF1-receptor 
variants) rendering individuals resilient to pathology [30–32].

Genes certainly contribute to the risk to develop anxiety disorders and underlie 
anxious traits. No candidate genes have emerged playing a primary role in the 
expression for a vulnerability to anxiety or anxiety disorders [33, 34]. Meta-analysis 
of genotypes implicated in mental disorders with varying levels of heritability has 
indicated that for anxiety disorders, only three genes have been identified that con-
tribute to anxious phenotypes (in contrast to, e.g., 50 genes for schizophrenia [33]). 
The former study did not implicate the 5-HTT and associated promoter area 
(5-HTTPRL) as a candidate gene involved in anxiety disorders. These complex 
findings indicate the difficulties in discovering new targets for anxiolytic drugs. 
This reflects that such complex neurobehavioral traits or disorders like the anxiety 
disorders are not caused by single genes, but probably by disturbances in extensive 
networks comprising of numerous parts and pathways that are created by many 
biological mechanisms.

 Preclinical Evidence for the 5-HTT in Anxiety

Human linkage and association studies have not identified genes that contribute 
influentially in the modulation of anxiety or anxiety disorders; therefore, animal 
pathology and models might be of considerable importance in studying the involve-
ment of genes in anxiety disorders as well. Human anxiety pathology is also present 
to a certain degree in animal pathology [35], and studies in animal anxiety models 
have considerably enhanced our knowledge of the neurobiological mechanisms 
involved in anxiety. Animal models can be very helpful in delineating putative genes 
involved in either anxiety or anxiety-associated traits [12, 36]. In order to progress 
in our search for fundamental mechanisms involved in anxiety processes and those 
in anxiety disorders, we need a translational approach; data from anxiety research, 
including genetic and environmental factors, should lead to fundamental research in 
animal models but also the reverse. The availability of cell-specific and inducible 
knockout and knock-ins, optogenetic technology [37], and, more recently, the 
Crispr/Cas 9 technology [38] enables selective operations in cellular mechanisms 
and circuit functions that are coupled to the gene’s function [37]. These techniques 
are now starting to be applied in animal models of fear and anxiety.

Numerous preclinical anxiety and fear tests have been developed and used over 
time [39–41]. Animal tests and models of anxiety are based on face validity (is it 
measuring something analogous to human anxiety symptoms?), predictive validity 
(is it sensitive to clinically efficacious anxiolytics?), and construct validity (are the 
same pathophysiological mechanisms involved as in human anxiety disorders?). Till 
up now, none of the currently available anxiety tests or models does meet all of these 
criteria unequivocally. Griebel and Holmes [6] give an extensive review on preclini-
cal models and tests used in anxiety and fear research. Many animal tests and models 
of anxiety are based on natural behavior patterns in rodents (often rats and mice 
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[42]). Such, often ethologically derived models include “approach- avoidance” tasks 
[40]. Animals are typically exposed to aversive situations like an open field, elevated 
plus maze or light/dark box. The level of anxiety is measured by the amount of avoid-
ance of the aversive environment (open area, light). Besides the “unconditioned” 
procedures, several “conditioned” paradigms are also used to model anxiety disor-
ders, including conflict procedures like the Vogel-lick test, defensive burying, four-
plate test, and fear-potentiated startle. Various other paradigms are used to measure 
anxiety levels including physiological parameters [43], social interaction, predator 
stress, and stress-induced vocalizations [44]. Over the last decades, several models 
were introduced to investigate the role of the 5-HTT and adaptive 5-HT signaling in 
the in vivo action of SSRIs. In a transgenic knock-in mouse model, a single amino 
acid substitution (M172) in one of the 14-membrane domains led to diminished 
activity of SSRIs in emotional behavior, although the recognition of 5-HT and its 
clearance were not affected [45]. 5-HTT-overexpressing mice showed reduced anxi-
ety levels [46, 47] and enhanced 5-HT2A/2C receptor functioning [48]. This 5-HTT-
overexpressing model in combination with the effects associated with 5-HTT 
knockout (5-HTT−/−) mice might shed light on the compensatory effects observed 
on the life-span but also on those after chronic SSRI administration. 5-HTT−/− mice 
[49] and rats [50] have been created, and in both genotypes, extracellular 5-HT in the 
brain is enhanced [14, 51]. These enhanced extracellular 5-HT levels are associated 
with neurodevelopmental changes in 5-HT synthesis and metabolism [14]. The 
5-HTT−/− rodent model has been regarded as a rather extreme example of the 
human 5-HTTLPR polymorphism, and as such, animals have difficulties to cope 
with stress and display anxiogenic behavior [52–55]. Heterozygous 5-HTT knockout 
rodents (5-HTT+/−) might be seen as a better model for the human 5-HTTPRL 
model, because the reduced 5-HTT expression is more or less comparable to the 
expression in human S-allele carriers. 5-HTT+/− animals have reduced 5-HTT 
expression and function, with 40–50% less 5-HTT protein levels [49, 51]. However, 
few neurochemical changes are present in 5-HTT+/− rodents compared to wild types 
(5-HTT+/+) [56]. Several serotonergic parameters, like basal extracellular levels and 
intracellular 5-HT levels, are not affected [51, 57], although often when challenged, 
5-HTT+/− animals differ from 5-HTT+/+ animals [56]. 5-HTT+/− mice did not dif-
fer in anxiety levels from 5-HTT+/+ mice in an open field or in novelty-suppressed 
feeding [58]. There is evidence that the 5-HTT genotype may determine the stress 
response to the environment, particularly during early life stress (ELS) [56]. It has as 
yet to be established what mechanisms possibly underlie the 5-HTT gene variation X 
ELS interaction and specifically how that may lead to enhanced anxiety. Whether the 
5-HTT+/− rodent is a good animal model to study the effects of anxiolytic drugs in 
situations where the animal is challenged toward showing anxiogenic behavior has to 
be awaited.

In wildtype mice and rats, often measured in different strains, SSRIs display 
anxiolytic activity [6]. In humans, SSRIs are also the first-line pharmaceutical 
agents to treat generalized anxiety disorder (GAD), post-traumatic stress disorder 
(PTSD), panic disorder (PD), and social anxiety disorder (SAD). Although none of 
the presently available animal anxiety tests and models specifically models for the 
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specific human anxiety disorders, many tests/models have properties that predict for 
specific aspects present in the various anxiety disorders. Although in the early years 
(1960s till 1990s) of pharmacological treatment of anxiety disorders, BDZs were 
often first-line treatment, SSRIs have taken this position later on, mainly due to 
several safety issues (dependence liability, memory disturbances, tolerance, seda-
tion). In an extensive summary of all published results in animal experiments on 
various pharmacological targets [6], SSRIs exerted in approx. 40% anxiolytic activ-
ity, were ineffective in 40% of the studies, and had 20% anxiogenic activity (in over 
400 publications). Similar to human anxiety disorder treatment, the effects in ani-
mal tests and models are inconsistent. However, most, if not all, animal experimen-
tation is performed using acute studies, whereas anxiolytic activity of SSRIs in 
humans occurs after at least 4–6 weeks of chronic treatment. Many patients do not 
respond to SSRIs, and disturbing side effects such as sexual dysfunction, sometimes 
associated with an initial transient period of enhanced anxiety, have contributed to 
a reduced acceptability of SSRIs in daily clinical practice.

In our own research, we mainly concurred with this preclinical anxiolytic profile 
of SSRIs. In a behavioral paradigm for screening putative anti-panic drugs, SSRIs 
like fluvoxamine and clomipramine (a TCA with predominant 5-HTT blockade) 
inhibited conditioned ultrasonic distress vocalizations (USV) in adult male rats 
[59]. SSRIs were also anxiolytic in guinea pig isolation calls [60], whereas in an 
approach-avoidance ambivalent situation in rats, SSRIs were inactive [61]. In a 
mouse model of anticipatory anxiety, stress-induced hyperthermia, antidepressants 
including SSRIs are inactive [62]. SSRIs are also inactive in the fear-potentiated 
startle [63]. In an ultrasonic vocalization model in isolated rat pups, SSRIs appeared 
anxiolytic [64].

 The 5-HT1A Receptor and Anxiety

The anxiolytic activity of SSRIs that in some way is caused by the enhanced 5-HT 
release due to blockade of the 5-HTT must be effectuated by the effects of the 
released 5-HT on one or more 5-HT receptors; an important candidate is the 5-HT1A 
receptor (5-HT1AR). Already in 1979 it was found that buspirone, a partial 5-HT1AR 
agonist (and dopamine D2R antagonist) exerts mild anxiolysis in human anxiety 
patients, notably in GAD [65]. This could be confirmed in rodent models of anxiety 
[7, 66]. Clinically, development of new 5-HT1AR agonists for anxiety disorders 
(e.g., ipsapirone, gepirone, tandospirone, flesinoxan) failed. However, 5-HT1A 
receptors remain a clinically attractive target implied in anxiety and depression [7, 
57, 66–69]. 5-HT1ARs are inhibitory G-protein-coupled receptors and present as 
autoreceptors on serotonergic neurons and as heteroreceptors (Fig.  8.1) on non-
serotonergic neurons (e.g., GABA-ergic). The somatodendritic 5-HT1A autorecep-
tors regulate the serotonergic tone via feedback inhibition in concert with the 5-HTT 
[7]. Postsynaptic 5-HT1A heteroreceptors are abundantly distributed and expressed 
in the brain although restricted to specific and in high density in limbic areas like 
hippocampus and various parts of the frontal cortex. Autoreceptors are present in 
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the dorsal and median raphé nuclei. There is evidence from genetic and imaging 
studies in humans that 5-HT1AR density or regulation is associated with anxiety 
[70]. A C(−1019)G polymorphism (rs6295) in the promoter region of the 5-HT1AR 
gene (Htr1a) was associated with mood-related variables like amygdala reactivity 
[71]. Increased 5-HT1A autoreceptor expression was associated with enrichment of 
the G-allele; postsynaptically the C-allele was enhanced [72]. In panic disorder with 
agoraphobia patients [73], variations in the rs6295 polymorphism had functional 
consequences in defensive behavior, amygdala activity, and neural plasticity, sug-
gesting that differentiation in 5-HT1AR activities plays a role in anxiety and fear.

Griebel and Holmes [6] summarized the effects of 5-HT1AR agonists in animal 
models of anxiety and fear. Of the 855 studies reported, approx. 65% of 5-HT1AR 
agonists exerted anxiolytic activity, 30% was inactive and 5% anxiogenic. Moreover, 
knocking-out (KO) the 5-HT1AR in three mouse strains [74–76] led to enhanced 
anxiety in most standard anxiety tests. This unanimous finding in different labs that 
inactivation of all 5-HT1AR genes led to more anxious mice is rather striking. Later 
research found, however, that the anxious phenotype was dependent on the para-
digm applied [77, 78] and one strain (but not the other two) of 5-HT1AR KO mice 
had reduced sensitivity to anxiolytic effects of diazepam, associated with changes in 
particular α-subunits of the GABAA- benzodiazepines (BDZ) R complex [79]. 
Apparently, such a dysfunction of the GABAA-BDZ complex is not a prerequisite 
for the “anxiogenic” phenotype of 5-HT1AR KO mice. The enhanced anxiety in the 
5-HT1AR KO mouse could not be antagonized by SSRIs [80]. Moreover, overex-
pression of 5-HT1ARs reduced anxiety [81]. These data strongly support a role for 
5-HT1ARs in anxiety and fear processes. Further research on differential roles of 
pre- and postsynaptic 5-HT1ARs in anxiety, using rescue experiments on forebrain 
(postsynaptic) 5-HT1ARs, indicated a critical role for the latter in development of the 
anxiogenic phenotype [82]. Pharmacological blockade of 5-HT1ARs during early 
development, but not in adulthood, enhanced anxiety in normal mice [83, 84]. The 
complex regulation of anxiety processes during development and adulthood again 
indicates the complexity of the neural substrates, including genetic regulation, envi-
ronmental influences, and its interactions. Simple relationships between a certain 
receptor (in this case 5-HT1AR) and the complexity involved in the regulation of 
anxiety and fear but also its pathology are highly unlikely. However, rodent models 
(genetic and behavioral) are extremely useful in trying to untangle the different 
underlying parts and functions.

In our own (preclinical) research, both partial and full 5-HT1AR agonists dis-
played anxiolytic activity. The azapirones (buspirone, ipsapirone, tandospirone, and 
zalospirone) are partial 5-HT1AR agonists. Flesinoxan is a potent and selective full 
5-HT1AR agonist [66]. 5-HT1AR agonists have limited anxiolytic activity in animal 
anxiety models based on release of suppressed behavior (both conditioned and 
unconditioned procedures like Geller-Seifter conflict, Vogel-lick test, four-plate, 
open field, elevated plus maze, light-dark box and social interaction test). In general 
5-HT1AR agonists are very active in animal models of stress-evoked behaviors both 
in conditioned and unconditioned situations like fear-potentiated startle, shock- 
induced USV, conditioned USV, defensive burying, stress-induced hyperthermia, 
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rat pup, and guinea pig pup isolation calls [66]. Biased 5-HT1AR agonists [85, 86] 
display either selectivity for 5-HT1A autoreceptors (F13714) or 5-HT1A heterorecep-
tors (F15599). However, both compounds had anxiolytic activity in several anxiety 
tests [87], not solving a potential role distribution between pre- and postsynaptic 
5-HT1ARs in anxiety, although evidence is gathering that postsynaptic 5-HT1ARs, 
e.g., in the prelimbic cortex [88], may play a conclusive role.

Buspirone is worldwide marketed as anxiolytic, whereas tandospirone is only 
available in Japan and China. Flesinoxan was tested in phase III clinical trials as a 
potential anxiolytic (and antidepressant), but did not show superior activity com-
pared to placebo and was subsequently abandoned. Although buspirone (and to a 
lesser extent tandospirone) are clinically effective anxiolytics, 5-HT1AR agonists 
have not emerged as a breakthrough and successor of BDZ in the treatment of anxi-
ety disorders.

 Other 5-HT Receptors and Anxiety

Agonists and antagonists for practically all 5-HT receptors have been synthetized 
over the last 30 years and subsequently also tested in (mostly simple) anxiety tests. 
Griebel and Holmes [6] summarize results on frequently tested compounds, includ-
ing 5-HT2R antagonists, 5-HT3R antagonists, and others. In 314 experiments 
5-HT2R antagonists were around 43% anxiolytic and 5-HT3R antagonists (232 
experiments) in 65%. Źmudzka et al. [87] essentially confirmed these data on 5-HT 
receptors and anxiety. Although in the 1990s the 5-HT3R antagonists were consid-
ered the anxiolytics of the future based on animal results, they did not confirm their 
anxiolytic profile in human anxiety disorders [89]. Thus far, no promising new sero-
tonin receptor ligands have been introduced to the market as new anxiolytics.

 GABAA Receptors (GABAAR) and Anxiety

GABAA (γ-aminobutyric acid, type A) receptors are the molecular targets of BDZ, 
chemical structures that were serendipitously found in the 1950s and were devel-
oped as the main anxiolytics of the ensuing decades. Besides anxiolysis, the classi-
cal BDZs also exerted sedation, epileptic seizure suppression, muscle relaxation, 
and hypnotic effects [90]. It took over 20 years before the molecular target of the 
BDZ, the GABAA receptor (GABAAR) was discovered [91]. The GABAAR is the 
target of clinically important anxiolytics, including BDZ, and is an ionotropic inhib-
itory receptor [90]. Although BDZs are excellent anxiolytics both in man and ani-
mals and are very safe in overdosing, it was realized that long-term use carries risks 
of tolerance, physical and psychological dependence, and withdrawal signs after 
discontinuation. Moreover, adverse side effects of sedation and cognitive slowing 
were found [92]. As a consequence, the SSRIs (and to a lesser extent the SNRIs) are 
now the first-line pharmacological treatment option for many anxiety disorders, 
whereas the BDZs are prescribed as second- or third-line treatment if 
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antidepressants are ineffective and cognitive behavioral therapy has failed [4]. 
Notwithstanding the reluctance to prescribe BDZs, its use is still high in many 
countries; more than 5% of adults in the USA are prescribed BDZ each year [93].

Ionotropic GABAARs are ubiquitous in the brain and are crucial in the temporal 
precise activity of neuronal circuitry and synchronized oscillatory activity of neuro-
nal populations [94]. The diversity of this inhibitory neurotransmission regulating 
these networks is on one side regulated by the large variety in interneurons but also 
by the extremely diverse group of GABA receptors on the receiving side. GABAR 
consist of five subunits that surround a central pore in a pentameric composition 
(Fig. 8.4). When the endogenous ligand (GABA) binds to the GABAR, chloride 
ions flow into the neuron, leading to hyperpolarization of the cell membrane and 
inhibition of cell firing. GABAAR are synaptically and extrasynaptically localized 
and molecularly very heterogeneous via variable subunit composition (Fig.  8.4). 
This heterogeneity determines the physiological/pharmacological properties [90, 
95]. The various subunits (α1-6; β1-3; γ1-3; δ, ε, θ, and ρ1-3) make up, although not 
randomly, the GABAAR. Most GABAARs are composed of two α, two β, and one γ 
subunit. GABA binds to the GABA site, which is formed by α and β subunits, and 
the BDZ binding site by one of the α subunits (α1, 2, 3, or 5) and a γ2 subunit. Circa 60% 

Fig. 8.4 Schematic 
picture of the GABAA 
receptor. A shows a global 
picture of the 2 α, the 2 β, 
and the γ subunits and the 
direction of the chloride 
influx. Fig. 1B shows a top 
view with the subunits 
arranged around a central 
pore, the chloride channel. 
The GABA and BDZ 
binding sites are indicated. 
(Figure adapted from 
Vinkers and Olivier [104])
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of GABAARs are of the α1β2γ2 subtype, 15–20% of α2β3γ2, 10–15% of α3βnγ2; the 
rest has variable subunit composition [96].

GABAAR subtype selective compounds and mouse models with subunit point 
mutations have generated promising insight in the contribution of the different sub-
units in the different clinical effects of BDZ [90]. BDZ do not open the chloride 
channel in absence of the endogenous ligand GABA.  Different pharmacological 
agents act at different GABAAR sites, including GABA itself and various GABAAR 
agonists (e.g., muscimol) or antagonists (e.g., bicuculline). Classical BDZ (e.g., 
chlordiazepoxide and diazepam) binds to the GABAA-BDZ modulatory site. Other 
drug classes, including alcohol, barbiturates, and neurosteroids, also bind to the 
GABAAR. The allosteric binding site for BDZ is always formed by two α-subunits 
(α1, 2, 3, or 5), two β-subunits, and the γ2 subunit. Only if the GABA receptor is acti-
vated, stimulation of the BDZ site modulates the channel opening (frequency and/
or time). Ligands at the BDZ binding site are allosteric modulators and modify the 
efficacy and/or the affinity of GABA in a positive way (positive allosteric 
modification- PAM), negative way (NAM), or not (neutral), by stabilizing different 
three-dimensional conformations of the GABAAR complex. The potency of a cer-
tain ligand is determined by its specificity for a certain receptor subtype and affinity/
efficacy modulation [97]. BDZ have anxiolytic, sedative, hypnotic, muscle- relaxant, 
and anticonvulsant properties. If anxiolysis is the primary indication, sedative- 
hypnotic properties are unwanted. Classic BDZ are nonselectively activating α1,2,3, 

and 5 subunits and bring automatically these unwanted effects. Extensive research, 
mainly in genetically engineered mice where certain GABAARα subunits (GABRA) 
were made insensitive to diazepam binding, leaving the GABA site intact, illus-
trated that different subunits represent different functions. The broad therapeutic 
(and side) effects of BDZ are due to activation of α-subunits [90, 98]. Extensive 
preclinical work implicated α2 and α3 subunits in the modulation of anxiety, but 
intensive efforts (partial agonists, inverse agonists) have not yielded new and highly 
specific anxiolytics. Moreover, the main negative effects of all GABAAR agonistic 
ligands (PAMs), i.e., tolerance and addiction, are still present in these new ligands 
[99], and none of these drugs has advanced to the market. A big outstanding ques-
tion is whether activation of all α-subunits leads to tolerance/addiction or activation 
of only one specific subunit [100]. Also the once promising development of the so- 
called Z-drugs (zolpidem, zaleplon, and zopiclone) did not yield anxiolytics without 
tolerance/dependence problems. Interestingly, pregabalin, a structural analogue of 
GABA, is anxiolytic, although via a non-BDZ-like mechanism. Pregabalin is 
approved in 2007 for anxiety disorders in the EU, but not in the USA [101]. There 
is some evidence that activation of α1-subunits is essential in the addictive potential 
of BDZ ligands [102, 103], but processes underlying tolerance development are 
complex and endpoint-dependent [104]. All these failures have probably been a 
major reason why pharmaceutical companies have left the development of innova-
tive drugs for anxiety disorders that target the GABAAR-BDZ complex.
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 Other Mechanisms and Anxiety

Although only preclinically investigated, many pharmacological mechanisms seem 
to be involved in the modulation of anxiety and fear, and intense efforts have tried 
to find new mechanisms outside the GABAAR-BDZ complex and the serotonergic 
system; no new clinically effective drugs have emerged thus far. The situation since 
2012 (described by Griebel and Holmes [6]) has not changed. Still most preclinical 
drug discovery is focused on neuropeptides and glutamate targets. Preclinically, 
CRF1R antagonists, CCK2R antagonists, and neurokinin1,2R antagonists have 
anxiolytic- like activity, but no clinically successful drugs have emerged [6]. Several 
findings strongly implicated the glutamatergic system in anxiety and anxiety disor-
ders [105]. Glutamate neurotransmission is complex due to the large number of 
signaling receptors and the wide and diverse distribution in the CNS. Metabotropic 
glutamate receptors (mGluRs) play a role in the modulation of anxiety in preclinical 
studies. Various ligands for mGluR subtype receptors have been tested clinically but 
failed to reach the market. Ketamine was recently found to have anxiolytic activity 
in social anxiety disorder [106] and refractory anxiety disorder patients [107] but 
also in animal anxiety models [108]. Ketamine, an NMDA (N-methyl-D-aspartate) 
R antagonist, exerts a rapid onset of antidepressant action in depressed patients and 
is particularly effective in anxious depression [109]. Most clinical studies utilize 
intravenous ketamine administration, which is a severe limitation for therapeutic 
use. Moreover, ketamine has serious side effects and abuse potential, which limits 
its widespread use as rapid onset therapeutic [110]. Further research into the effi-
cacy of one of the enantiomers of ketamine (R,S) or one of its metabolites (e.g., 
2R,6R)-hydroxynorketamine [111, 112]) may lead to a new, fast-acting anxiolytic 
(and antidepressant) treatment.

 Conclusions

Discovery and development of innovative anxiolytics is severely hampering. 
Existing anxiolytics are developed decades ago and are still the therapeutics of 
choice. Moreover, the lack of new effective drug targets is not only disappointing 
but does indicate how the future treatment of the enormous population of CNS- 
disorder patients is in jeopardy. The reasons for this lack of progress are manyfold 
and are, besides, e.g., regulatory, financial, and marketing reasons, also due to our 
limited knowledge of the mechanisms and pathophysiology of the various anxiety 
disorders. We simply lack the knowledge on what is wrong in the brains of anxious 
people (normal and disordered). It is also not clear yet whether DSM5-based anxi-
ety disorder classification is justifying the underlying disturbed processes in the 
brain. Whether the new classification of psychiatric diseases, the Research Domain 
Criteria (RDoC) project, as part of the 2008 NIMH strategic plan’s call for new 
ways of classifying mental illnesses—based on dimensions of observable behavior 
and neurobiological measures—will be helpful in the research process has to be 
awaited. Translational research, with exchanging theories and data coming from 
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clinical and preclinical research, is extremely urgent, because intrusive investiga-
tions of the human brain are impossible. In this endeavor, genetic and genomic 
approaches are part of the spectrum of contributing factors. The initial idea of iden-
tifying individual genes causing the disease very soon appeared an illusion. It 
becomes increasingly clear that anxiety disorders, probably similar to the funda-
mental mechanisms involved in anxiety and fear processes in the brain, are caused 
by the (inter)actions of hundreds of genes including environmental factors (epigen-
esis) and gene X gene interactions. In the present contribution, main focus has been 
on three druggable targets, 5-HTT, 5-HT1A receptor, and GABAA receptor, whereas 
other approaches have been summarized. Although the therapeutics, acting via 
these targets were found before the mechanisms involved were unraveled, it is still 
uncertain whether or how these targets are involved in normal and diseased anxiety 
processes. In case of the serotonergic anxiolytics, the slow onset of action points to 
indirect effects leading to plasticity changes in certain systems in the brain that 
finally lead to reduced anxiety. In case of the GABAA receptors, a direct anxiolytic 
effect is found which indicates primary mechanisms directly influencing anxiety 
processes. Close translational collaboration between fundamental academic and 
discovery research might lead to badly needed breakthroughs in the development of 
drugs, not only for anxiety disorders but also other brain diseases.
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 Introduction

It is now broadly accepted that psychological stress may change the internal homeo-
static state of an individual. Anxiety disorders are among the most common of all 
mental disorders, and their pathogenesis is a major topic in psychiatry, both for 
prevention and treatment. Early stressful life (ELS) events and alterations of 
hypothalamic- pituitary-adrenal (HPA) axis function seem to have a significant role 
in the onset of anxiety.

Recent literature has demonstrated significant associations between traumatic 
events occurring in childhood and adolescence, called ELS, with unfavorable out-
comes for the individual’s health. Experiences of early life stress have been demon-
strated by research to be associated with a wide number of psychological disorders 
including anxiety disorders. Recent studies have helped us to understand complex 
interaction, interplay, and bidirectional modulatory effects that these systems have, 
even in embryo life. They also help us to understand how ELS modulates the capac-
ity of adaptation and how it can produce “wounds” that endure for a lifetime. 
Different areas of very specific subjects of research on different biological mecha-
nisms are now beginning to be integrated, and that advance will hopefully improve 
our global understanding of mental disorders. It is imperative to find biological 
substrates and new therapeutic targets and diagnostic models in a psychiatric dis-
ease that play a pivotal role in this challenging and exciting task [1].

The effects of ELS negatively influence child development, affecting all spheres 
of an individual’s life: behavioral, emotional, social, cognitive, and physical [2].

Parts of this chapter were previously published in Understanding Depression volume I, pp. 71–82, 
Springer Nature, 2018.
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 Early Life Stress

The concept of early life stress (ELS) is quite broad and includes the different trau-
matic experiences that occur during childhood and adolescence, which may have 
repercussions in adulthood. Among these are a parental loss, separation from parents, 
childhood illness, family violence, and deprivation of food, clothing, shelter, and love.

Childhood maltreatment is a major social problem. It is a complex global phe-
nomenon that does not respect boundaries of class, race, religion, age, or educa-
tional level and can occur both publicly and privately, resulting in serious physical 
injury or even death. Moreover, its psychological consequences can acutely affect a 
child’s mental health well into adulthood [3].

ELS is an important, although non-specific, risk factor for anxiety and medical 
disorders, and that includes intrauterine stress as well [4, 5]. Stress in pregnancy has 
been shown to have a programming effect on the offspring, and one of the most 
consistent findings is HPA axis alterations [6]. Although GC plays a vital role in the 
development of the embryo, prolonged exposures may have deleterious neural 
effects, especially in brain areas that are rich in cortisol receptors [6].

Enduring effects were also suggested by studies of the great Dutch famine of 
1944 to 1945 that showed that prenatal maternal malnutrition was associated with a 
variety of physical conditions in offspring when adults [7]. The offspring of fathers 
that were intrauterine at that time (grandchildren of the malnourished) were found 
to have increased risk of obesity, suggesting a transgenerational effect [8].

These studies are mentioned only to illustrate the magnitude and complexity of 
the effects of ELS and when that can happen, being in childhood, intrauterine, or, it 
seems, even before conception takes place. More studies are needed to elucidate the 
precise mechanisms of these effects and their relevance in human development and 
physical and mental health.

Studies of childhood maltreatment and their persistent effects throughout the 
lifespan have been more studied, and from now on, we will refer to ELS as stress 
that occurs in early childhood.

The childhood maltreatment may be subdivided into the following domains [9]:

 (I) Physical abuse: physical aggression by someone older, with the risk of or 
result of injury.

 (II) Emotional abuse: verbal aggression that affects the welfare or morals of the 
child or any conduct that humiliates, embarrasses, or threatens the child.

 (III) Sexual abuse: any sexual contact or conduct between a child and someone 
older.

 (IV) Emotional neglect: failure of caretakers to provide for basic emotional and 
psychological needs such as love, motivation, and support.

 (V) Physical neglect: failure of caretakers to provide for basic physical needs such 
as feeding, a home, security, supervision, and health.

Childhood maltreatment significantly contributes to disease morbidity and mor-
tality in adults [10], and it is essential to elucidate the mechanisms by which these 
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early life events can elicit illnesses that become apparent decades after the pre-
sumed initial insult and why some people can adapt and others will present with an 
increased risk for psychiatric disorders, especially depression. It seems that a com-
plex interaction between genes and environment are responsible for these effects.

Early life stress is associated with a diverse range of psychiatric consequences. 
In children and adolescents, it increases the risk of behavioral problems, including 
internalizing and externalizing behavior. Internalizing refers to behavioral symp-
toms reflected by anxiety, depression, somatic complaints, and inhibition. 
Externalizing refers to behavioral symptoms reflected by aggression, delinquency, 
and increased activity level. Sexual behavior problems most likely fall into this 
domain [3].

Considerable evidence from various studies suggests a preeminent role for early 
adverse experiences in the development of mood and anxiety disorders. Child abuse 
and neglect can be perceived as agents for neurodevelopmental disruption and, depend-
ing on when it occurs, can cause serious neurological “scars” in some structures, which 
could make some individuals vulnerable to certain types of psychopathology, including 
generalized anxiety disorder (GAD), panic disorder, and phobias [11].

Children and adolescents exposed to ELS experience serious consequences in 
their biopsychosocial constitution. The literature shows that, during early childhood 
and adolescence, important brain structures are being formed, so the negative con-
sequences of traumatic events are lasting and can remain during the life of the chil-
dren [12]. These children and adolescents may experience short- to long-term 
losses, including damage to health in general (fractures, lacerations, brain injuries) 
and mental health problems (GAD, panic disorder, phobias, social isolation, and, 
more specifically, symptoms of posttraumatic stress disorder, such as numbness, 
chronic anxiety, helplessness, low self-esteem, and disorders) at the entrance to 
adulthood [13]. Other consequences of ELS are related to cognitive developmental 
delay, intellectual deficit and school failure, as well as violence and crime in adoles-
cence [2, 14–16].

In this sense, researchers point out that approximately 60% of cases of anxiety 
episodes are preceded by the occurrence of stressors, especially of psychosocial 
origin, so the influence of genetic factors in the development of anxiety disorders 
could be due to an increased sensitivity to stressful events [17].

 Early Life Stress Abnormalities in Anxiety

Genes, ELS, adult life events, lifestyle, and stressful life experiences all add to the 
way the body adapts to a changing environment; and all these factors help to deter-
mine the cost to the body or the “allostatic load.” Emergent data in the field of psy-
choneuroimmunology contributes to the understanding of the mechanisms by which 
traumatic events affect health. The interaction between behavior, neurobiology, and 
endocrine system that may cause immunosuppression is the most interesting dis-
covery in current medicine, and its implications are important for the prevention and 
treatment of somatic diseases [18].

9 The Role of Early Life Stress in HPA Axis and Anxiety
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In a systematic review that we have published [11] reviewing the literature on 
ELS associated with psychiatric disorders in adulthood, we sought to identify 
whether there are independent effects between subtypes of early stress in triggering 
psychopathology in adults. We found the physical abuse was associated with anxi-
ety disorders. Physical abuse contributes to the severity of anxiety disorders [19]. 
Sexual abuse was associated with anxiety disorders particularly with panic disorder 
and agoraphobia [11]. Emotional abuse was associated with anxiety disorders in 
two studies [20, 21] and a stronger correlation with social phobia.

While research of early life stress has focused primarily on development and 
outcomes relating to depression, substance abuse, and PTSD, emerging research is 
examining the considerable link relating to anxiety disorders. In a cohort study of 
individuals born between 1934 and 1944, subjects demonstrated greater late adult-
hood anxiety symptoms associated with emotional and physical trauma, parental 
divorce, and low socioeconomic status [22]. Green et al. [23] find that psychopa-
thology risk from childhood adversities is differentiated throughout lifetime stages 
with risk of affective disorders being greater in ages 4–19 but superseded by anxiety 
disorders from ages 20 to 30+. The impact of adverse experiences in key develop-
mental periods can have significant effect continuing throughout life with anxiety 
being latent until later in life.

The link with anxiety disorders and psychopathology can be differentiated 
through separate subtypes of early life stress as specifiers for risk, meaning particu-
lar stressors increase for certain disorders. Fergusson et al. [24] examined reporting 
rates of major depressive, anxiety, and conduct disorders in subjects aged 16–25 
with varying degrees of physical or sexual abuse experiences. Subjects with experi-
ences of child physical abuse reported more often major depression than anxiety 
disorder in all severity domains, in those who has experienced child sexual abuse 
reports of anxiety disorder were greater in all severity domains. Schilling et al. [25] 
found that sexual abuse correlates with the highest risk for psychopathology sever-
ity and dysfunction.

Early life stress has primarily been examined in the context of physical and 
emotion abuse/neglect as well sexual abuse, but childhood adversity such as 
dysfunctional family, school, and neighborhood environments and economic strain 
impacts on psychopathology. Significant anxiety disorder predictors included 
sociological dysfunctions such as low income, social support, family satisfaction, sense 
of mastery, and self-esteem and high stress regarding school, neighborhood, and 
economic perception. Cumulative burden of these risks as well as others was con-
sistently higher for anxiety disorder compared to affective or substance use disor-
ders for subjects aged 12–16+ [26].

While certain isolated factors and types of stress have been shown to have stron-
ger links compared to other links with anxiety disorders, incidences of childhood 
adversity are complex with often there being multiple, continuous, and overlapping 
stressors. Cohen et  al. [27] in an international sample investigation found that 
around half of subjects reported two or more early life stresses. They as well found 
sexual and emotional abuse were frequently co-occurring where when subjects 
report one of these abuses, they would often report the other as well. Co-occurrence 
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of different types on abuse was reported in a sample of male juvenile offenders with 
many reporting emotional and physical abuse and a subsample reporting co- 
occurring sexual abuse [28]. Dong et al. [29] found similar reports regarding rates 
of two or more report early life stressors and co-occurrence of two types of child 
abuse but found both these to be slightly less severe than found by Cohen et al. [27].

Outcomes in psychological health, with regard to treatment efficacy and difficult 
adulthood features such as individual’s stress, are currently evidentially limited 
for anxiety disorders but suggest a more dire prospect. Most studies about early 
life stress and its relation to adulthood difficulties currently focus on depressive 
disorders, but the suggestions are of a worsened course. The hammen et al. [30] 
study of adults with childhood adversity experiences showed that subjects had 
greater stress sensitivity with a focus on measuring depression. These findings are 
not dependent on the specific disorder and likely would be found in anxiety disorder 
subjects, suggesting greater risks of relapse and deterioration.

Klein et  al. [31] found in a sample of chronically depressed patients, various 
forms of early life stress were significantly associated with lower probability of 
remission with pharmacotherapy. This is much in line with Nemeroff et  al. [32] 
study of depressed patients with childhood trauma experience who had a weaker 
response with drug treatment options. Nemeroff et al. [32] do find that patients with 
childhood trauma showed greater response to psychotherapy or psychotherapy with 
pharmacotherapy when compared to patients without childhood trauma. Such fea-
tures may be present in patients with anxiety disorder due to the major overlap 
between pharmacological treatment options for both anxiety and depression as well 
as common comorbidity of both of these disorders. Very limited studies have been 
found that which focus on pharmacotherapy response in subjects with anxiety dis-
order and early life stress experiences. One study [33] found patients with greater 
levels of emotional abuse predicted worse social anxiety disorder severity at base-
line but a more rapid response to paroxetine compared with subjects with lower 
levels of emotional abuse.

 Early Life Stress, HPA Axis, and Dysfunction in Anxiety

The stress response system is a complex, multilevel mechanism largely dependent 
on feedback regulation. The suppression of the subgenus prefrontal cortex and the 
activation of the amygdala lead to the stimulation of the hypothalamic-sympathetic- 
adrenomedullary, or autonomic sympathetic axis, and the hypothalamic-pituitary- 
adrenal (HPA) axis [34–36]. The autonomic sympathetic axis is responsible for the 
most rapid response and acts via the secretion of epinephrine by the adrenal glands; 
the HPA axis is activated minutes after the epinephrine surge and represents a cas-
cade of events starting with the secretion of the corticotropin-releasing factor (CRF) 
from paraventricular nucleus of the hypothalamus into the portal circulation, which 
stimulates the synthesis and release of adrenocorticotropic hormone (ACTH) by the 
pituitary. ACTH further stimulates the synthesis and release of the glucocorticoid 
hormone cortisol by the adrenal cortex. Glucocorticoids are known to exert some 
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functions, including gluconeogenesis, catabolic and antianabolic effects, mild 
inflammation, insulin resistance, and a prothrombotic state. The key role of gluco-
corticoids consists in maintaining homoeostasis in response to stress [37, 38].

It is believed that GCs exert their function through two types of receptors: MR 
receptors are high-affinity but low-specificity receptors, which means that they usu-
ally bind with basal cortisol which circulates in the blood at lower concentrations 
than in stress response situations following a circadian pattern, as well as with min-
eralocorticoids; glucocorticoid receptors (GR), on the other hand, exhibit lower 
affinity but higher specificity to GCs [39].

There is evidence that the expression and function of glucocorticosteroid recep-
tors in the hippocampus, mainly MR, are regulated by the stimulation of 5-HT 
receptors [40]. Stressful stimuli increase 5-HT release and turnover in the hippo-
campus, and it seems reasonable to suggest that some of the changes in mineralo-
corticoid and GR expression may be mediated, in part at least, by the increase in 
5-HT.  These findings have led some investigators to propose that postsynaptic 
5-HT1A and 5-HT2A receptors have functionally opposing effects, that a disturbed 
balance of these receptors may be contributing to the pathophysiology of depres-
sion, anxiety, and impulsivity, and that restoring this balance is necessary for thera-
peutic action [41].

Along with basal measurements, much effort has been put into assessing the 
functional impairments of the HPA-axis. For this aim, some challenge tests have 
been introduced.

More recently, an alternative test to DST was introduced– prednisolone suppres-
sion test [42]. Prednisolone’s affinity to GRs has been shown to be more comparable 
to that of cortisol compared to dexamethasone [43, 44].

The majority of the studies show that early life stress leads to permanent changes 
in the HPA axis and may lead to the development of anxiety in adults. The most con-
sistent findings in the literature show increased activity of the HPA axis associated 
with hypercortisolemia and reduced inhibitory feedback. These findings suggest that 
this dysregulation of the HPA axis is partially attributable to an imbalance between 
glucocorticoids (GR) and mineralocorticoid (MR) receptors; see Fig. 9.1 [38].

A study with infants experiencing social disadvantage and family adversity [45] 
found have higher cortisol response to awakening (CAR) than infants not exposed to 
social or familial adversity. Similar results were found [46] in emotional neglect and 
sexual abuse that strongly predicted maximal cortisol release. High levels of cortisol 
lead to hippocampal damage as seen in subjects with a history of emotional neglect 
during childhood. These patients had reduced left hippocampal white matter com-
pared to those without a history of emotional neglect [47]. This evidence indicates 
that childhood trauma changes hippocampal structures during brain development 
leading to a higher vulnerability for stress-related psychiatric disease later in life.

Childhood trauma is associated with decreased responsiveness to pharmacologi-
cal treatment [48] and a higher likelihood of relapse [49].

Evidence indicates that stress in the early phases of development can induce 
persistent changes in the ability of the HPA axis to respond to stress in adulthood 
and that this mechanism can lead to a raised susceptibility to anxiety. These 
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abnormalities appear to be related to changes in the ability to circulate GCs to exert 
negative feedback on the secretion of HPA hormones through binding to GR and 
MR [37, 38, 43, 44].

In humans, while MRs are thought to be involved in the tonic inhibitory activity 
within the HPA axis, GRs appear to “switch off” cortisol production at times of 
stress. It seems that MRs are necessary for GC regulation of HPA axis activity dur-
ing mild stressors but not during stressors that result in a stronger corticosteroid 

Fig. 9.1 Schematic diagram of hypothalamic-pituitary-adrenal (HPA) axis. It describes regulation 
and negative feedback (−) of cortisol via glucocorticoid receptors (GRs) and mineralocorticoid 
receptors (MRs). Including hippocampus, amygdala, raphe nucleus, locus coeruleus, and relation 
via serotonin (5HT) and noradrenaline (NA) with GR/MRs and adrenal hormones
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response. It is proposed that the maintenance of corticosteroid homoeostasis and the 
balance in MR−/ GR-mediated effects limit vulnerability to stress-related diseases 
in genetically predisposed individuals [37, 38, 43, 44].

Three different mechanisms of GR resistance have been considered: (I) down-
regulation secondary to persistent hypercortisolism, (II) a primary alteration in the 
genetic structure, and (III) a decrease in GR function secondary to alterations in 
ligand-independent pathways. It has also been proposed that the balance between 
MR and GR is an important factor in resilience to stress, and studies suggest that 
there may be an imbalance in the MR/GR ratio in depression [50]. Another possibil-
ity (that can happen concomitantly or independent) is the excessive production of 
corticotropin release factor (CRF) from the hypothalamus.

This structure receives fibers from some brain areas, notably the brain stem (that 
receives input from all sensory systems), the prefrontal cortex, and the limbic sys-
tem (i.e., amygdala) [51]. The chronic overexpression of CRF in the amygdala is 
also associated with altered gene expression in the hippocampus and PVN, leading 
to increased hyperactivity [52]. These afferents play an important role in HPA 
responses to behavioral and emotional stimuli. The elevated CRF secretion will 
persistently stimulate the HPA axis, leading ultimately to increase in GC levels and 
to possible mechanisms of dysfunction in GR and MR already described. The pro-
longed exposure to GC has damaging effects on important brain structures, mainly 
the hippocampus, that is essential for HPA axis restraint, as well as memory con-
solidation. The role of GC and stress in memory was recently reviewed and linked 
with potential psychiatric disorders [53].

Gaining a thorough background and history during the diagnostic interview and 
assessment becomes important to understand the role of trauma and/or neglect in 
our patients. Part of this process should also reflect the fact that our interpretation 
and understanding of trauma may differ greatly from our patients. Children often try 
to protect and defend their parents; they may minimize abuse or may not view cer-
tain actions as abuse. An adult that has experienced childhood trauma may not want 
to revisit these events [54].

It is clear from the above data that psychotherapy should be the core component 
of treatment for anxious patients with a history of early childhood stress. It is also 
important to consider the role of different types of traumas at different developmen-
tal stages to elucidate whether there are precise developmental time periods for 
prevention of the adverse outcomes of childhood trauma [11, 55].

Childhood trauma in humans is associated with sensitization of the neuroendo-
crine stress response, glucocorticoid resistance, and increased HPA axis activity [56]. 
Hormones play a critical role in the development and expression of a wide range of 
behaviors. One aspect of the influence of hormones on behavior is their potential 
contribution to the pathophysiology of psychiatric disorders and the mechanism of 
action of psychotropic drugs. Of the endocrine axes, the HPA axis has been the most 
widely studied. It plays a fundamental role in response to external and internal stim-
uli, including psychological stressors. Abnormalities in the function of the HPA axis 
have been described in people who experience psychiatric disorders [57].
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Studies conducted in both animals and humans suggest that stress experienced 
during the early phases of development can induce persistent changes in the ability 
of the HPA axis to respond to stress in adulthood, increasing the susceptibility to 
depression [58]. Evidence suggests that neurochemical and molecular changes 
induced by stressful situations and depression trigger changes in the HPA axis. A 
flaw in this system caused by factors such as excessive stress, high glucocorticoid 
levels, social isolation, and anxiety symptoms results in difficulty adapting to stress 
and can impair hippocampal serotonergic neurotransmission [37, 38, 43, 44].

It has been concluded from these studies that child maltreatment may lead to 
disruptions in HPA axis functioning and that factors such as the age of maltreat-
ment, parental responsiveness, subsequent exposure to stressors, type of maltreat-
ment, and type of psychopathology or behavioral disturbance displayed may 
influence the degree and pattern of HPA disturbance. However, results from studies 
examining the relationship between child maltreatment, psychopathology, and the 
HPA axis do vary. While most studies report HPA axis dysregulation, inconsisten-
cies have been noted. Furthermore, results should be analyzed by gender and by 
type of stressor for maximum consistency, as the effects on the HPA axis may vary 
due to these factors [11, 37, 58].

 Conclusion

Studies of the association between early life stress and anxiety disorders should be 
evaluated carefully. No consensus has been reached in the literature regarding the 
concept of early life stress, and the respondents in these studies likely underesti-
mated or overestimated the frequency/intensity of events. Much descriptive work 
has been published on the relationship between adult psychopathology and early 
adversities such as parental loss in childhood, inadequate parental care, divorce, 
“affectionless” or dysfunctional parenting, childhood physical and sexual abuse, 
and other childhood traumas. Importantly, anxiety disorders, as well as depressive 
disorders, are associated with the history of early life stress. The results of existing 
studies suggest the importance of preventing early life stress and its consequences 
in both the short and long terms. Intervention at an early stage can reduce the likeli-
hood of developing health problems in the long term and revictimization in adult-
hood. Furthermore, early interventions may reduce the burden of public spending 
on health care for abused individuals.

The more recent studies reviewed suggest that early life stressors are associated 
with an increased risk for anxiety disorders in adulthood. This review examined the 
emerging literature concerning the relationship between stress, HPA axis function, 
and GAD, panic disorder, and phobias and the role of early life stress as an impor-
tant risk factor for HPA axis dysfunction and early life stress as an important risk 
factor for HPA axis dysregulation. These findings suggest that this dysregulation of 
the HPA axis is partially attributable to an imbalance between GRs and MRs [59].

Social and physical environments have an enormous impact on our physiology 
and behavior, and they influence the process of adaptation or allostasis. At the same 
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time that our experiences change our brain and thoughts (i.e., changing our mind), 
we change our neurobiology. Although disturbances in the HPA axis are an important 
factor in the etiology of anxiety and treatment resistance, very little is known about 
the neurobiology of these disorders. Therefore, a psychometric assessment that 
quantifies the level of early life stress, recent stress, the evolution of anxiety symp-
toms and diagnosis, and neuroendocrine activity is essential. Childhood stressful 
events and HPA axis overactivity in adulthood are not specific to anxiety states, but 
several studies have linked these conditions. As demonstrated in this review, early 
life stress leads to permanent changes in the HPA axis and may lead to the develop-
ment of anxiety disorders in adulthood. Considering the importance of early detec-
tion of violence in childhood and adolescence, to prevent the development of severe 
and disabling psychiatric disorders in adulthood, further research is needed to eluci-
date the mechanisms involved in the association between early stress and the devel-
opment of psychopathology in adulthood. Stressful life experiences also play a 
prominent role in the development of anxiety disorders; several lines of research 
suggest the possibility that personality or temperament may account for some of the 
association between stress, anxiety, and HPA axis hyperactivity. These studies sug-
gest that an evaluation of the HPA axis during treatment may help identify patients 
who are at a higher risk for relapse. These findings suggest that this dysfunction of 
the HPA axis is partially attributable to an imbalance between glucocorticoid and 
mineralocorticoid receptors. Evidence has consistently demonstrated that glucocor-
ticoid receptor function is impaired in anxiety disorders. Moreover, normal basal 
cortisol levels and hyper-responsiveness of the adrenal cortex during a psychosocial 
stressor are observed in social phobics [60]. Finally, abnormal HPA axis activity has 
also been observed in generalized anxiety disordered patients. Early stressful life 
events may provoke alterations of the stress response and thus of the HPA axis, that 
can endure during adulthood, predisposing individuals to develop psychopathology.
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 Introduction

Medical research has entered a new era with the turn of the millennium. It has 
started to be understood that not only the eukaryotic cell function but also the pro-
karyotic cells located in the body serve an important role in human health and dis-
eases [1]. Understanding the effect of the microorganisms in the intestine on brain 
function is undoubtedly one of these discoveries. Many potential mechanisms for 
the role of intestinal microbiota on brain functions have been proposed. Numerous 
evidences have been obtained about leaky gut, vagal afferent nerve signaling, neu-
rotransmitters, or short-chain fatty acids (SCFAs) that enter the systemic circulation 
after being synthesized by microorganisms, the activation of the hypothalamic- 
pituitary- adrenal (HPA) axis by proinflammatory cytokines, and changes in trypto-
phan metabolism [2].

All these mechanisms are mentioned in this article; however, it especially focuses 
on the kynurenine pathway in the pathogenesis of anxiety disorders. First of all, 
traces of intestinal microbiota after birth and even of intrauterine period are dis-
cussed. Then, the role of microbiota’s neural physiology and physiopathology on 
the host is explained. Next, this article considers the importance of the immuno- 
kynurenine pathway in the etiopathogenesis of anxiety disorders. Finally, it looks at 
potential treatment methods that can be taken into consideration with the elucida-
tion of these mechanisms.
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 Formation of Gut Microbiota and Their Structural Features

The intestinal microorganisms that form a commensal relationship with the host are 
called “gut microbiota” [3, 4]. Until recently, the common belief has been that a 
fetus is sterile in the intrauterine period and that the flora bacteria colonize after 
birth. However, recent research shows that the fetus is not sterile and that there are 
nonpathogenic bacteria resident in the amniotic fluid, placenta, and meconium [5, 
6]. The intestinal bacterial composition of a newborn exposed to different environ-
mental stimuli (psychological, nutritional, and medicinal) at birth begins to evolve 
toward an individual-specific shape [7, 8]. The delivery mode is the most important 
determining factor. Babies born vaginally are exposed to the mother’s vaginal and 
fecal microbiota, while cesarean section babies are in contact with the skin micro-
biota around the mother’s nipples and the bacteria in the hospital [9].

Despite these individual differences and the uniqueness of the intestinal micro-
biota’s composition, there is still a common core of microbiota in all humans, from 
birth to death [10]. This core microbiota consists of four phyla (Firmicutes, 
Bacteroidetes, Verrucomicrobia, and Actinobacteria) [11]. This composition shows 
distinct differences between individuals and also changes with age. 
Enterobacteriaceae, Bifidobacterium, and Bacteroides are dominant in newborns 
[12]. Lactobacillus, Staphylococcus, Veillonella, and Lachnospiraceae are also 
present in the intestinal microbiota of a vaginally born infant [13].

Although the microbial composition is quite variable in the first years of life, it 
starts to become more stable and adult-like beginning in a child’s third year [5]. 
While microbial diversity is greater during middle age, it decreases with aging and 
Clostridium and Bacteroides rates increase [14]. This changeable content of intesti-
nal microbiota makes it difficult to generalize and classify. The concept of an 
“enterotype” is objectionable due to significant differences between individuals [15, 
16]. In all stages of life, dysbiosis in the microbiota’s composition has a wide impact 
on the host’s health. In this article, its effect on neuronal functions is investigated.

 General Terms and Mechanisms

The communication between the brain and the intestinal microbiota defines a reticu-
lar structure called the gut-brain axis where many different mechanisms play a com-
plex role [10]. This bidirectional axis encompasses the autonomic nervous system, 
the enteric nervous system, and the neuroimmune-neuroendocrine pathways [1]. 
The sympathetic and parasympathetic nervous systems, which function in the affer-
ent and efferent directions between the central nervous system and the intestinal 
mucosa, make this interaction fast and effective [17]. A large number of studies 
have been carried out over the last two decades on diseases such as irritable bowel 
syndrome (IBS), anorexia nervosa, obesity, and inflammatory bowel diseases 
(Crohn’s disease and ulcerative colitis), in which the relative intestinal-brain rela-
tionship is more clearly visible [18–20].
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In recent years, however, there is growing evidence that the intestinal microbio-
ta’s composition also has a decisive and effective role in many neuronal functions 
and behaviors [7, 21, 22]. In preclinical studies, germ-free (GF) conditions, fecal 
microbiota transplantation (FMT), the bacterial infection of intestines, antibiotic 
therapy, and the effectiveness of prebiotics/probiotics have been examined [6, 7, 
23]. As a result of these studies, the vagus nerve, neuroimmune and neurohormonal 
pathways, SCFAs and neurotransmitters produced by intestinal bacteria, and mech-
anisms related to the pathway of tryptophan-kynurenine metabolism have been 
clarified to a great degree.

 Serotonergic Dysfunction and the Gut Microbiota-Brain Axis

Numerous preclinical studies have shown that intestinal microbiota modulates 
anxiety- like [24–28] and depression-like [29–33] behavior in experimental animals. 
Bercik et al. showed that anxiety-like behavior can be transferred by transplanting 
fecal microbiota between mice [34]. The data obtained from research on healthy 
people supports preclinical studies on the effects of microbiota [31, 35, 36]. 
Although a study in 2014 showed that the fecal microbiota’s composition of patients 
with depression did not differ from non-depressive individuals [37], differences 
between two groups were found in two studies performed later [38, 39]. In parallel 
with these findings, one of the most important studies demonstrating the role of 
intestinal microbiota in the etiopathogenesis of depression is the study of Zheng 
et al. [39]. In this trial, fecal microbiota transplantation (FMT) from patients with 
depression was performed in GF mice, and a depressive behavioral pattern was 
observed in mice following the transplantation [39].

The most important reason for the contradictory results obtained from human 
studies may be the heterogeneous nature of the sample. There is a need for methodi-
cally better designed studies with a large sample to obtain more precise information 
on the role of intestinal microbiota in the development of anxiety and depression. 
One of the mechanisms that is thought to play a role in the relationship between 
intestinal microbiota and anxiety/depression is the immune-kynurenine pathway 
[40]. We will now discuss the pathogenesis of serotonin metabolism and the 
immune-kynurenine pathway in detail in order to understand the potential impact of 
intestinal microbiota on the serotonergic system.

 Tryptophan-Serotonin Metabolism and the Kynurenine 
Pathway

Tryptophan biosynthesis is possible in bacteria and plant cells although it requires 
high energy [41]. This energy-intensive function seems to have been an evolution-
ary loss in mammals, since tryptophan is readily available from dietary proteins 
[42]. Tryptophan is an essential amino acid that plays a very important role in the 
gut-brain axis as the precursor molecule of serotonin and kynurenine [43, 44]. Only 
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5% of serotonin is present in the central nervous system (CNS) of an adult human 
body. The rest is synthesized by enterochromaffin cells located in the intestines 
[45–47]. Serotonin in the gastrointestinal tract plays a role in autonomic functions 
such as intestinal secretion, absorption, and motility under healthy conditions [48, 
49]. Peripheral serotonin affects the appetite through the afferent fibers of the vagus 
nerve [50] and causes nausea and vomiting [51]. Serotonin in the CNS is involved 
in mood and cognitive functions [52].

More than 90% of a body’s tryptophan, as summarized in Fig. 10.1, is converted 
into kynurenine by the enzymes indoleamine-2,3-dioxygenase (IDO) located in all 
cells and tryptophan-2,3-dioxygenase (TDO) located in the liver [52, 53]. IDO has 
two subtypes (IDO1 and IDO2) [54]. Inflammation plays an important role in IDO1 
and TDO activity. The IDO1 pathway is stimulated by proinflammatory cytokines, 
especially the interferon-gamma, and the TDO pathway is stimulated by glucocor-
ticoids [52]. Kynurenic acid and quinolinic acid, which are metabolites of kynuren-
ine, are neuroactive. These metabolites stimulate N-methyl D-aspartate (NMDA) 
and alpha-7 nicotinic receptors [55]. While kynurenic acid shows neuroprotective 
features, quinolinic acid is excitotoxic [56]. Kynurenic acid also has anti- 
inflammatory features [57].
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tryptophanase

Kynurenine pathway
Methoxyindole pathway

Kynurenine 5-Hydroxytriptophan (5HTP)

cytokines
glucocorticoids

stressIDO TDO
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Fig. 10.1 Kynurenine pathway of the tryptophan metabolism
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 Anxiety, the Immune System, and the Kynurenine Pathway 
Interaction

Today, the relationship between intestinal microbiota and the stress response is well 
understood. Evidence showing that the interaction is bidirectional has been obtained. 
Stress can change the intestinal microbiota during the prenatal and postnatal periods 
[58–60]. A preliminary trial examining the effect of the change in microbiota on the stress 
response was conducted in 2004 by Sudo et al. [61]. In this study, it was shown that GF 
mice exhibited a more severe hypothalamic-pituitary-adrenal (HPA) axis response to 
mild stress stimuli compared to the control group and that this response was normalized 
following colonization with Bifidobacterium infantis [61]. The study of Gareau et al. sup-
ports these findings [62]. In addition, in a study conducted on healthy people, it was 
found that prebiotic supplementation could alter the cortisol response [63].

There is a lifelong reciprocal relationship between the immune system and the 
microbiota [64]. The immune system of GF mice is dysfunctional, and this dysfunc-
tion can be resolved following bacterial colonization [26]. One of the most common 
problems causing immune system dysfunction in GF animals is the decrease in the 
expression of toll-like receptors (TLRs) [65]. Recognition of bacterial components 
in the intestinal lumen occurs through TLRs [4]. TLRs’ activation stimulates the 
kynurenine pathway by causing IDO1 induction [66]. Numerous studies have shown 
that low-level immune activation in IBS is associated with increased kynurenine 
pathway metabolism [67, 68].

Another factor that influences the relationship between microbiota and the kyn-
urenine pathway may be the metabolites of microbiota bacteria (e.g., SCFAs). 
SCFAs stabilize the intestinal barrier permeability and, if there is a decrease in their 
level, may cause systemic inflammation by triggering intestinal leakage [69]. While 
the metabolites of the kynurenine pathway were not detected in the CNS of GF 
experimental animals, an increase in the levels of these metabolites was observed in 
mice infected with Toxoplasma gondii [70].

 Role of Intestinal Microbiota in the Kynurenine Pathway’s 
Metabolism

Interesting findings have been obtained in preclinical studies about kynurenine and 
tryptophan. For example, in GF animals, blood tryptophan levels were found to be 
higher and levels of serotonin (5-hydroxy tryptamine [5-HT]) and kynurenine metab-
olites were lower [71–73]. This may be due to the fact that microbiota-induced metab-
olites play a role in the 5-HT synthesis process in the lumen [74, 75]. In this respect, 
the 5-HT synthesis from tryptophan and systemic kynurenine metabolism are reduced 
when the microbiota is eliminated through antibiotic administration [32]. However, 
these changes can be reversed with colonization [26, 71, 76]. In another trial, trypto-
phan and kynurenic acid levels were found to be increased in the circulation of mice 
who were given Bifidobacterium infantis [29]. In experimental animals colonized 
with Lactobacillus johnsonii, the level of serum kynurenine decreased [77, 78].
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The intestinal microbiota not only changes the levels of circulating tryptophan 
and kynurenine but also affects their levels in the CNS because the permeability of 
the blood-brain barrier is higher in GF animals [79]. While tryptophan and kynuren-
ine can cross the blood-brain barrier through the large amino acid transporter sys-
tem, kynurenic acid and quinolinic acid cannot pass through the CNS [80, 81]. It is 
worth mentioning here that tryptophan competes with other amino acids (tyrosine, 
valine, methionine, leucine, isoleucine, phenylalanine) while crossing the blood- 
brain barrier through the large amino acid transport system [82]. The kynurenine 
transported to the CNS is metabolized by microglia [83]. Considering that the 
microglia maturation and function are impaired under GF conditions [84], another 
connection between the microbiota and the kynurenine pathway metabolism can be 
established.

Indole compounds resulting from the metabolization of tryptophan by microbi-
ota bacteria may cause neuroinflammation by affecting another brain cell called 
astrocyte [85]. Indole produced by the intestinal bacteria is the major metabolite of 
tryptophan obtained through a protein-rich diet [86]. Indole synthesis in bacteria is 
catalyzed only by tryptophanase, an enzyme found in prokaryotic cells [87]. The 
indole produced by bacteria in the intestinal lumen may have many effects on the 
host, including anti-inflammatory, oxidative, and endocrinological reflections [88, 
89]. Indole is thought to increase intestinal epithelium strength and reduce perme-
ability [90]. There is also evidence that indole regulates bacterial 5-HT synthesis in 
the lumen [74].

Bacteria contribute to the kynurenine pathway in various ways. For example, it 
is interesting that intestinal bacteria synthesize molecules in the neurotransmitter 
structure, such as 5-HT [91], and that these bacteria are sensitive to psychotropic 
drugs (tricyclic antidepressants and selective serotonin reuptake inhibitors) [92, 93]. 
There are also analogues of the enzymes that catalyze the quinolinic acid pathway 
from tryptophan in the bacterial genome of eukaryotic cells [94, 95]. Microbiota 
bacteria can produce quinolinic acid from aspartate [96] and kynurenic acid from 
kynurenine [97]. Therefore, metabolites of the tryptophan-kynurenine pathway that 
enter the systemic circulation after being produced in the intestinal lumen may be 
effective on the host’s CNS functions [56, 81].

 Anxiety and Tryptophan-Kynurenine Metabolism

The relationship between intestinal microbiota, tryptophan metabolism, and neuro-
psychiatric disorders (anxiety, depression, social avoidance, pain, and cognitive 
impairment) has been demonstrated by many studies [81, 98–102]. In a study con-
ducted on healthy volunteers whose anxiety levels were induced by low-dose caf-
feine, the levels of plasma kynurenine were found to be high. There was a correlation 
between plasma kynurenine levels and anxiety scale scores [103]. A similar correla-
tion was obtained after anxiety and depression cases were subjected to a dexametha-
sone suppression test [104].
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Kynurenine pathway metabolism is considered to be most effective on the CNS 
during the prenatal and postnatal periods, especially a child’s first 1000 days [105]. 
In animal experiments, the inhibition of kynurenine metabolism in the prenatal 
period causes changes in neuronal morphology and functions, which continues in 
adulthood as well [105–107]. Cognitive dysfunctions occur in mice with increased 
brain kynurenic acid levels during pregnancy and the postpartum period [108–110]. 
Changes during the postnatal period are of great importance as it is the time in 
which the composition of the microbiota is determined [52].

The microbiota-brain-immune-kynurenine pathway metabolism in human sam-
ples has mostly been studied in terms of IBS [53, 111, 112]. IBS is a special disease 
at the intersection of psychiatric and gastrointestinal symptoms [113]. There is a 
correlation between tryptophan catabolism metabolites and gastrointestinal symp-
tom severity in women with IBS [114]. On the other hand, a correlation was found 
between depression and anxiety scores and the 5-HT levels of intestinal mucosa as 
well [112]. While acute tryptophan depletion increases plasma kynurenic acid levels 
in healthy individuals, it decreases plasma kynurenine levels in IBS patients [115]. 
In the light of these studies, it can be said that there are disruptions in tryptophan 
metabolism at various levels in IBS patients.

 Conclusion

The serotonin hypothesis in the etiopathogenesis of anxiety disorders is current and 
valid. Therefore, functions and dysfunctions related to the catabolism of tryptophan, 
a precursor of serotonin, are of great importance. Serotonin is synthesized only 
from a small percentage (1–5%) of tryptophan. The rest of the tryptophan is trans-
formed into kynurenine, kynurenic acid, 3-hydroxykynurenine, quinolinic acid, and 
nicotinic acid through the kynurenine pathway. Two enzymes, TDO and IDO, that 
catalyze the biosynthesis of kynurenine from tryptophan have been identified. TDO, 
located in hepatocytes, is stimulated by glucocorticoids and IDO, located outside 
the liver, is stimulated by proinflammatory cytokines. These tryptophan catabolites, 
which are activated in times of stress and inflammation and result from the kynuren-
ine pathway, have anxiogenic and anxiolytic functions. They may also increase 
intestinal permeability. Bacteria-induced serotonin biosynthesis may be reduced as 
a result of changes in intestinal microbiota composition and dysbiosis. Also, low- 
grade systemic inflammation occurs due to bowel leakage. With the impact of 
inflammation, production of serotonin decreases, and production of kynurenine 
increases. This cyclic system may play a role in the etiopathogenesis of anxiety 
disorders. Randomized controlled studies with large samples are needed in order to 
shed light on the effectiveness of microbiota-based treatments (probiotics, prebiot-
ics, and FMT) for dysbiosis.
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 Introduction

Experimental anxiety refers to induced anxiety. It is possible to induce emotions, by 
abusing a subject or subjecting him to stressful conversations that often induce 
anger. It is difficult, however, to predict the subject’s reaction, which can range from 
anger to anxiety to fear. There are scales of evaluation to quantify the emotions. In 
psychopathology, many studies have identified relevant variations of this subjective 
dimension of sensation seeking in addictive behaviors, as well as in certain person-
ality traits. In a more practical way, each of us knows the pleasant or unpleasant 
situations inducing some form of anxiety as well as anxiogenic substances. Among 
these, caffeine is one of the most frequently cited and rightly so. Caffeine is an alka-
loid substance found in coffee beans or tea leaves. Thus, when a patient says to you 
“I took a cup of coffee,” this unit besides the fact that the cup varies from a few 
milliliters to the bowl which represents a third of a liter leads to a great difficulty of 
appreciation. The somatic manifestations of the more or less important caffeine 
intake are essentially cardiovascular, that is to say a sensation of rapid pulse. 
Sensitivity to coffee is often associated with stress, and there is apparently a poten-
tiation of both. Caffeine can be a genuine anxiety-provoking agent, which is causing 
a panic attack [1]. This acute anxiety attack is inducible by various substances 
including caffeine. The subject then describes what looks pretty close to a bout of 
angina pectoris (angina) or even myocardial infarction. He feels chest pain radiating 
more or less in the left arm, with difficulty breathing, sweating, and feeling of loss 
of sense of reality and self-control, and gastrointestinal discomfort with the feeling 
of imminent death.

The consumption of coffee only very rarely leads to a panic attack, especially 
since the anxious subjects fear the feeling of anxiety that it causes without reaching 
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this paroxysm. They then complain more commonly of sleep disorders. Here again 
we find the link between vigilance, even hypervigilance and anxiety. Coffee has 
long been used as a psychostimulant, but it took a very long time to demonstrate its 
interaction with adenosine receptors, which are currently known to be able to reduce 
anxiety in animals. Other substances may induce anxiety but may be considered to 
be only substances used for research purposes. Some of them are: sodium lactate in 
intravenous injection, carbonic gas and cholecystokinin, a physiological peptide 
substance which induced panic attack in 20 s when injected intravenously [2]. 
Cholecystokinin perfectly induces all the symptoms of the panic attacks, which sug-
gests that some of us may have a central dysregulation of this peptide.

On the other hand, there are animal models of anxiety; some are more suitable 
for the screening of new anxiolytic drugs, while others are more based on operant 
conditioning and learning [3]. In this chapter we will discuss the human or animal 
models that seem most suitable for the development of new drugs.

 Problems with the Development of Anxiolytic Drugs

Despite advances in knowledge of the anatomy and neurobiology of anxiety disor-
ders, there are no new anxiolytics marketed for almost 20 years. It is interesting to 
understand the reasons, which contribute to both the lack of knowledge of psycho-
pathology and certainly the difficulty of designing clinical trials in this area. Animal 
models are also problematic in that they have been designed with reference to ben-
zodiazepines. Clearly, the developments are carried out in different directions for 
lack of referent molecules [4].

To date, around hundred molecules are under development exploring different 
modes of action:

 – Drugs that act on the GABA-A receptor complex, whether they are partial ago-
nists of acceptor sites to benzodiazepines including beta-carbolines as well as 
compounds that act on the complex GABA-A without our knowledge exactly at 
what level.

 – Other drugs acting as CCK-B receptors antagonists.
 – Many drugs interacting with serotonin transmission mainly agonists at the 

5-HT1A receptor level, antagonists at the 5-HT2 receptor, and antagonists at the 
5-HT3 receptor.

 – At the end, drugs with other mechanisms.

This has been the case for many years without finding one of these derivatives on 
the counters of pharmacists.
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 Preclinical Evaluation of Anxiolytics

Before studying, in humans, a new molecule potentially anxiolytic, it is necessary 
to resort to animal models. These models make it possible to create and measure 
anxiety and thereby determine whether or not an anxiolytic effect exists. Some will 
criticize this way of proceeding by replying that we cannot recreate, in the animal, 
the anxiety that can feel the human being. Obviously, there is no model of anxiety 
quite satisfactory. But it is the role of a model to constitute a simple basis of reason-
ing in order to better understand complex phenomena [5]. Thus, animal models do 
not claim to faithfully reproduce the anxiety disorders observed in humans but are 
only tools used to better understand these disorders and to be able, perhaps, to dis-
cover the factors determining or not in anxiety and/or the anxiolytic action of the 
studied molecules. Existing models, even if they are not perfect, have a good cor-
relation with the clinic and are therefore widely used for predictive or explanatory 
purposes. The sensitivity of these models for benzodiazepines continues to be used 
as a reference, thus making it possible to compare the efficacy of different anxio-
lytic molecules [6], whereas non-benzodiazepine molecules are now developed. 
Animal models of anxiety are used for two main purposes: firstly, the “screening” 
of new substances and, secondly, the study of neurotransmitters and their mecha-
nism, involved in anxiety. Two objectives that are in fact not independent of each 
other are as follows: information on the mode of action of new molecules can lead 
to new approaches in the study of the biological bases of anxiety, and this knowl-
edge can themselves lead to a more rational development of new medicines. The 
different models used to express and measure anxiety in animals are based on the 
study of spontaneous behaviors (exploration, food intake) or on those of more com-
plex behaviors where interaction and learning play a larger role. Patterns of sponta-
neous behavior are based on the animal’s reactions to punishment, non-reward 
(frustration), and novelty. Reducing or blocking these behaviors is a reflection of the 
animal’s fear, anxiety, or frustration [7]. One can also observe the reaction of the 
animals, which will have been placed in a situation known to be anxiety-provoking: 
ultrasonic calls from neonatal rodents separated from their mother [8], rat burial 
behavior, and intimidating mimicry of marmoset monkey [9]. It is also possible to 
induce anxiety by various substances. These are the procedures of discrimination 
and preference of place. These are not strictly speaking models of anxiety, but they 
give an overall idea of the effect induced by the molecule, which effect is undoubt-
edly the result of the superposition of the central and peripheral effects of this sub-
stance. Recently, the number of behavioral models has increased significantly. Only 
two tests – the study of social interactions and the Elevated Plus Maze – were evalu-
ated on behavioral, physiological, and pharmacological bases; the others have not 
been fully validated, and we will focus our attention on these two models as well as 
the two-compartment test, dark and illuminated.
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 Behavioral Models of Anxiety

Persistent and uncontrollable anxiety is the main feature of generalized anxiety. 
Thus, some tests based on a rat’s ability to adapt to a new territory were initially 
proposed as models of anxiety. It is essentially neophobic anxiety such as it can be 
encountered in humans in new behavioral situations (airport, station, etc.), for 
example, the increase in locomotion in an open space, the number of entries in a Y 
maze, the number of steps in a staircase, or the number of holes explored in a “hole 
board” [10]. While anxiety is a hindrance to discovering a new territory, a number 
of other factors are involved in controlling exploration behavior. It is now consid-
ered that these tests are not specific enough; they can nevertheless be used as com-
plementary tests to eliminate the behavior related to psychostimulation.

 The Dark and White Box [11]

Crawley developed an anxiety test based on the number of transitions of a mouse 
between the two compartments (one dark, the other illuminated) of an enclosure. 
Mice have to choose between their natural dislike for light and their desire to explore 
a new environment of ambivalence that often causes anxiety in humans. The effect 
which increases the transitions between the two compartments without increasing 
spontaneous locomotion is regarded as anxiolytic. It should be noted that this effect 
is only observed in mice with an initial level of high spontaneous transitions. Later 
this test was modified with notably a change in the relative size of the two compart-
ments (1/3 dark, 2/3 lit) but also by suppressing the neophobic anxiety by using 
pregnant already soiled by mice [12]. In this new model, an increase in locomotor 
activity in the illuminated compartment with a decrease in this same activity in the 
dark compartment reflects an anxiolytic effect. But even though this modified ver-
sion is sensitive to the effect of benzodiazepines, it does not reflect a true decrease 
in anxiety. In addition, benzodiazepines do not change the transition times when the 
two compartments are lit identically and do not affect the number of entries in the 
closed arms either. In addition, they do not alter the locomotor activity of animals 
that have been previously trained. All these elements suggest that the effects of 
benzodiazepines are only observed when emotional factors limiting exploratory 
activity can be considered very intense. Therefore, the action of benzodiazepines 
may be correlated with a reduction in the emotional factors that control behavior, 
inversely to what is observed in humans [13].

The Elevated Plus Maze (EPM) is another model of anxiety [14]. The apparatus is 
constituted by a platform in cross, elevated with respect to the ground. Two oppos-
ing arms are open “dangerous arms” and may be related to the illuminated compart-
ment of the dark and illuminated compartment box test; the other two arms are 
closed “safe arms,” corresponding to the dark compartment. Animals can freely 
access each of the two types of arms. The increase in the number of entries and/or 
the time spent in the open arms is a parameter considered to be the translation of an 
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anxiolytic effect [15]. The open arms of the “Elevated Plus Maze,” as the clear com-
partment of the “black and white box,” are determining factors in the induction of 
behavioral and physiological changes that reflect anxiety. Moreover, in these two 
models, the administration of benzodiazepines to the mice causes an anxiolytic 
effect. This effect is reflected overall in an increase in  locomotion in “stressful” 
compartments (i.e., open arms and illuminated compartment) without any change in 
behavior in “safe” compartments. One could then think that the induced effect is not 
an anxiolytic effect but a simple increase in  locomotor activity. These methods 
based on the study of the sensitivity of the exploration behavior to the effect of ben-
zodiazepines raise an important problem as to the meaning of this parameter. A 
single test only provides limited information, and in this case the information con-
cerning the exploration behavior is difficult to interpret in rodents.

It is now accepted that the “Elevated Plus Maze” is sensitive to a wide variety of 
anxiolytic or anxiogenic compounds and appears to be predictive of the activity of 
drugs used in generalized anxiety. The social interaction test is based on the uncer-
tainty and anxiety induced in rats placed in an intensely illuminated unknown 
medium. The time during which the two rats interact with each other is measured. 
Two factors influence the level of interaction: the intensity of lighting and the fact 
that the place is known to rats. In untreated rats, a certain level of interaction is 
observed when the experimental area is familiar and dimly lit. This level of interac-
tion decreases when the area is unknown and/or brightly lit. The administration of 
anxiolytic molecules to both rats facilitates social interaction. This test is probably 
the one that best reflects generalized anxiety. Indeed social interaction is the only 
dependent variable. The behavior varies only according to the characteristics of the 
experimental area. This test cannot be a model of social anxiety because there are 
more social interactions when the two rats do not know each other the four-plate test 
(FPT). The apparatus consists of a cage (18 cm × 25 cm × 16 cm) whose floor is 
composed of four metal plates (8 cm × 11 cm) separated from each other by a space 
of 8 mm. These four plates are connected to an electric shock generator. The shocks 
administered have an intensity of 0.6 mA and duration of 0.5 s. After a latent period 
of 15 s, the animal receives a plantar electric shock each time it passes from one 
plate to another. The number of electric shocks, or punishments, is counted for 60 s. 
The administration of a substance with anxiolytic activity results in an increase in 
the number of accepted punishments. Antidepressants used in the treatment of anxi-
ety disorders have been shown to be effective in this test [16].

 Zebrafish: A New Behavioral and Genetic Model

The zebrafish is a model organism emerging in recent years because it is accessible 
genetically and is characterized in the embryonic and larval stages by a high trans-
parency. In the last 5 years, he has become a model of choice for using optics to 
study the organization of neural networks. Real-time observation of neural signals 
is an important source of information on how the brain responds to external stimuli. 
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To capture and analyze this activity, neurobiologists have chosen to apply the tech-
nique of imaging to the study of zebrafish brain [17]. The transparency and the 
small size of this fish, scarcely 4 to 5 cm, have been exploited to follow the activity 
of about 80,000 neurons out of a total of about 100,000 that counts their nervous 
system. To visualize the zebrafish brain circuits, the confocal optical microscope 
was used. Under this microscope, the neuronal signals are visible by fluorescence, 
the zebrafish neurons having been previously labeled with the GCaMP7a protein. It 
has been shown that the brain of zebrafish is never inactive. It has been possible to 
identify a region responsible for movements associated with characteristic move-
ments of exploration [18].

In addition to anxiety models built in rodents, more recently (this is the twenty- 
first- century model) the zebrafish (Danio rerio) is used. With a genome of 26,000 
coding genes, the zebrafish gene pool is currently the largest ever in a vertebrate. A 
characteristic that makes this small fish a very serious subject of study among genet-
icists who today claim to be able to understand certain diseases that affect the human 
being simply by making comparisons with the genes of the fish. Today the genome 
of the zebrafish has been sequenced to such a degree of precision that it is quite pos-
sible to make a comparison with that of man [19]. In an immersion test in a new 
aquarium, behaviors such as swimming at the bottom, latency to swim in higher 
levels, are important indicators of stress and anxiety, or the effects of anxiogenic or 
anxiolytic substances. Behavioral models with zebrafish are mostly similar to those 
developed in rodents [20]. It should be remembered that what is most important in 
terms of development, hence of “screening,” is more important action size on a 
model, than modest action sizes on several models. Indeed, the developers are often 
reassured when a molecule is active on several models, thus presuming the activity 
on several forms of anxiety, or it proves most often that an important answer on a 
paradigm is the best guarantor of an activity in humans.

If these models or others not described in this present chapter have not led to 
successful developments, it may be due to a lack of adaptation to different forms of 
human anxiety.

 Cholecystokinin Injection as Anxiety Model in Human?

Almost 30 years ago, it was reported that exogenous cholecystokinin (CCK-4) pro-
duced panic-like attacks in healthy volunteers and that these effects could be attenu-
ated by pretreatment with lorazepam [21]. CCK-4 was administered to patients with 
a current-point diagnosis of panic disorder using a double-blind placebo-controlled 
methodology. Bolus injections of CCK-4 (50 mg) precipitated a panic attack, as 
defined by DSM-III criteria and patient self-report, within 1  minute following 
administration in 11 trial patients studied, whereas none of the patients panicked 
following placebo. CCK-4 treatment elicited an average of 12 symptoms per patient, 
the most common symptoms being dyspnea, palpitations/rapid heart, chest pain/
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discomfort, faintness, dizziness, paresthesia, hot flushes/cold chills, nausea/abdom-
inal distress, anxiety/fear/apprehension, and fear of losing control. It has been found 
that response to CCK-4 reliably differentiates panic disorder patients from healthy 
controls with no personal or family history of panic attacks [22]. In a double-blind 
placebo-controlled study, the patients with panic disorder experienced a greater 
number of symptoms and more intense symptoms following challenge with two 
doses of CCK-4 (25 and 50 mg) [23]. In addition, the incidence of panic attacks was 
markedly higher in patients than controls following injection of 25 mg (91% vs 
17%) and 50 mg (100% vs 47%) of the peptide. Interestingly, the number and inten-
sity of symptoms as well as the symptom profile were remarkably similar in both 
patients and normal subjects who panicked with the 50 mg dose of CCK-4, suggest-
ing that the enhanced response in patients could not be readily attributed to a ten-
dency to over endorse symptoms. These results are corroborated by other authors 
who used pentagastrin, a CCK agonist which incorporates the identical 4-amino- 
acid sequence of CCK-4 [24, 25]. Moreover, patients with panic disorder have been 
shown to have decreased concentrations of CCK-8 s in the cerebrospinal fluid rela-
tive to control subjects [26]. Concentrations of CCK-8 in lymphocytes were also 
significantly reduced in patients with panic disorder compared to healthy controls 
[27]. These findings are also in favor of anomalies in the CCK system due to panic 
disorder. It is also likely that systemic administration of CCK-4 produces prominent 
respiratory and cardiovascular alterations in humans through a direct action on the 
brainstem [28].

Antipanic drugs and no other compounds block the effect of CCK-4 [29]. It was 
demonstrated that the panic-induced effects of CCK-4 can be antagonized by 
chronic treatment with imipramine [30]. In one study, the pretreatment of patients 
with the selective CCK-B receptor antagonist L-365,260 dose dependently blocked 
CCK-4-induced panic attacks [31]. These data apparently support the role of CCK-B 
receptors in the mediation of panicogenic-like action of CCK-4. Nevertheless, a 
placebo-controlled trial of L-365,260 did not result in any clinically significant 
improvement in patients with panic disorder [32]. The possible reasons for lack of 
effect with L-365,260 are not clear, but the poor pharmacokinetic properties of the 
drug are the most plausible explanation.

A large body of evidence suggests that the neuropeptide cholecystokinin might be 
an important modulator of the neuronal networks that are involved in anxiety, in 
particular in panic disorders. The key regions of the fear network, such as basolateral 
amygdala [33], hypothalamus, periaqueductal gray, or cortical regions such as the 
anterior cingulate cortex, seem to be connected by CCK-ergic pathways [34, 35].

It seems that this human model that seemed promising to us three decades ago 
has not been exploited properly probably because of the lack of CCK-B receptors 
specific ligands among others [36]. The most convincing preliminary data were 
obtained for CCK-B [37]. The most convincing data were obtained for CCK-B 
receptors [38]. In addition, some cholecystokinin neurons may be able to mimic the 
behavioral effects of SSRIs [39].
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 Other Substances Inducing Anxiety

Whether it is induction of a panic attack by sodium lactate, inhalation of CO2, or the 
administration of a high dose of caffeine, these models have not led to the discovery 
of new anxiolytics. For a long time, subjects with panic attacks were considered to 
be chronic hyperventilants who suddenly plunged into hypocapnia. In fact, exami-
nation of hyperventilation provocation test results, respiratory reeducation, and 
ambulatory PCO2 measurement shows that there is no perfect overlap between the 
two phenomena. The hyperventilation syndrome is probably a separate entity. The 
biological models are based on experiments using lactate or carbon dioxide to reach, 
with Klein [40], the hypothesis of hypersensitivity to CO2 with false suffocation. 
Psychological models consider various options. Lum [41] sees the consequence of 
a bad habit of breathing. Hyperventilation plays a role in panic attacks only if it is 
interpreted catastrophically [42]. Dyspnea was considered as the initiating element 
of an innate fear reflex. Finally, Van den Bergh has conducted promising studies on 
respiratory conditioning [43]. If all panic-attacked subjects are not chronic hyper-
ventilants, it must be admitted that both phenomena coexist frequently. An integra-
tive approach to biological and psychological models could shed light on the nature 
of their relationship. Is it still relevant to rely on these types of human models to 
develop an anxiolytic? It seems that the model of cholecystokinin is more relevant, 
although it essentially reproduces a panic attack with its respiratory symptoms.

 Is the Theoretical Model of Deakin and Graeff (1991) Useful?

The ascending serotonergic pathways originating in the dorsal raphe nucleus (DRN) 
innervate the amygdala and the frontal cortex and facilitate the escape or avoidance 
behaviors involved in the response to a threat [44]. These behavioral strategies invoke 
learning and are therefore related to conditioned or anticipatory anxiety, possibly the 
general anxiety disorder (GAD). The 5-HT2A/5-HT2C and 5-HT3 postsynaptic 
receptors could be activated in this neurotransmission pathway. In return, the peri-
ventricular pathways of the DRN innervate the periventricular and periaqueductal 
gray matter. In these regions, 5-HT inhibits emerging reactions of combat/flight trig-
gered by a nearby danger [45], acute pain, or asphyxia associated with panic disor-
der. This function could be mediated by postsynaptic 5-HT2A/5-HT2C and 5-HT1A 
receptors. These two paths of transmission regulate adaptive responses to acute 
stressors. In cases where the body has to adapt to chronic stressors, the pathways 
connecting the medial raphe nucleus (MRN) to the hippocampus develop resistance 
to chronic stimuli in disconnecting aversive events from the psychobiological pro-
cesses underlying social behaviors and appetite allowing the individual to lead a 
normal life despite these events. Serotoninergic pathways initiated in MNR and 
innervating the dorsal hippocampus increase resistance and tolerance to stressful 
stimuli. The depression can appear when this mechanism is defeated. 5-HT1A recep-
tors appear to be the main mediators of the hippocampus-MRN pathway whose dis-
connection with aversive stimuli in mitigating the behavioral consequences. 
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Experimental and clinical evidences supporting these hypotheses have been already 
reported [46–49] related to recent findings as well in animals and humans.

The Deakin/Graeff hypothesis proposes that different subpopulations of seroto-
nergic neurons through topographically organized projections to forebrain and 
brainstem structures modulate the response to acute and chronic stressors and that 
dysfunction of these neurons increases vulnerability to affective and anxiety disor-
ders, including panic disorder [50].

The role of 5-HT1A receptors has been well studied in the control of anxiety 
states [51–53]. These receptors, which are localized as inhibitory autoreceptors on 
the dendrites of serotoninergic cell bodies in the raphe nuclei, are also located at the 
postsynaptic level of serotoninergic neurons in the hippocampus, septum, amyg-
dala, PAG, and entorhinal and frontal cortex in which they exert a negative feedback 
on the electrical activity of serotonergic neurons in DRN [54]. Prolonged stressors 
alter the brain levels of 5-HT1A sites and preferentially desensitize presynaptic 
5-HT1A receptor populations rather than postsynaptic receptors [55], a process 
contributing to the overall potentiation of serotonergic transmission under these 
conditions. 5-HT1A receptor agonists induce a pronounced stimulation of the 
hypothalamo- corticotropic axis and act via multiple locations in the hypothalamus 
itself. In addition, activation of 5-HT1A receptors is involved in the induction of 
secretion of ACTH and corticosteroids in response to stressful stimuli [56]. The lat-
ter exert a reciprocal modulatory influence on the activity of pre- and postsynaptic 
5-HT1A receptor populations and have been also involved in mood control. 5-HT1A 
receptor agonists, mainly via central actions, facilitate the release of noradrenaline 
from the neurons noradrenergic, an action that could, secondarily, stimulate the 
activity of the hypothalamic-pituitary-adrenal axis.

This model is widely used to develop new anxiolytics with a very relative suc-
cess because it is essentially based on the serotonergic hypothesis.

 The Knockout Mice

Knockout (KO) animals not only make it possible to study a concrete disease but 
also to answer the fundamental question: what is the gene for in the body? The idea 
is simple: if a gene is deficient within an organism (thus causing the corresponding 
protein), it means that there is some dysfunction. When, for example, the insulin 
gene is defective, the glucose metabolism is no longer properly controllable in the 
body. When the growth gene is inactivated in a fly, then there will be formation of 
mini-flies. In other words, by inactivating genes in a targeted way, one can conclude 
to the normal function of the gene. The advantage of knockout mice lies in the fact 
that the incidence of the gene can be observed in a living animal.

Mice genetically deprived of the 5-HT1A receptor have a generally anxiogenic 
phenotype and increased susceptibility to stressful stimuli in both behavioral and 
autonomic variables [57]. Although the precise basic mechanisms to explain the 
increase of this anxiety remain uncertain, it has been postulated that it reflects a loss 
of activity of the post-5-HT1A receptor sites rather than presynaptics, especially as 
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extracellular levels of 5-HT are slightly modified in animals lacking this receptor. 
This lack of alteration of the release of 5-HT can be surprising. However, this prob-
ably reflects changes in the control of compensatory serotonergic transmission to the 
loss of 5-HT1A autoreceptors that exert only a limited and tonic influence on the 
corticolimbic release of 5-HT [58]. Studies on 5-HT1A knockout model directly sup-
port the idea that a loss of postsynaptic 5-HT1A receptors accounts for an increase in 
anxiety. Indeed, in the mouse, when the function of the 5-HT1A receptors is pre-
served in the amygdala, the hippocampus, and the frontal cortex while the 5-HT1A 
autoreceptors located in the raphe have been deactivated, the anxious phenotype does 
not occur and not express. 5-HT1A receptors exert an inhibitory influence on limbic 
(e.g., amygdala) and cortical release of glutamate [59].

Disinhibition of glutamatergic activity could contribute to the anxiety behavior of 
5-HT1A receptor-deficient mice. In addition, a hypothesis to explain the phenotype 
of KO mice for 5-HT1A receptors invokes an interaction between postsynaptic 
5-HT1A receptors and glutamatergic transmission at the level of pyramidal cells of 
the frontal cortex and possibly subcortical structures. It has been argued that the 
anxious phenotype of KO mice for 5-HT1A receptors may imply indirect dysregula-
tion of amygdala and amyloid BZD/GABA-A receptor function, which are probably 
expressed by neurons bearing the 5-HT1A receptors and GABA-A receptors [60].

However, equivalent observations could not be obtained in all KO mouse lines 
for 5-HT1A receptors whose genetic backgrounds were divergent [61]. Other stud-
ies have demonstrated that there are complex functional interactions between 
5-HT1A receptors and GABAergic mechanisms [62]. Indeed, whereas when they 
are localized, the GABA-A/GABA-B and 5-HT1A receptors exert a mutual inhibi-
tion on the activity of the neurons (including the serotoninergic cell bodies of the 
raphe); it has been shown that the receptors 5-HT1A can suppress the limbic release 
of GABA [63]. This latter action may contribute to the anxiogenic effects of post-
synaptic 5-HT1A receptor agonists. The role of 5-HT1A receptors in the modula-
tion of anxiety states is complex and reflects the contrasting roles of pre- versus 
postsynaptic sites and individual populations of 5-HT1A receptors in discrete 
supraspinal regions.

Other examples of knockout mice have been developed which may be useful in 
the search for new anxiolytics, such as mGluR7 [64]. Indeed, more and more evi-
dence suggests that the glutamatergic system may be a relevant therapeutic target 
for anxiety disorders. Glutamate is the neurotransmitter used by the vast majority of 
excitatory synapses in the brain. And the metabotropic glutamate receptor subtypes 
(mGluR1–mGluR8) act primarily as important postsynaptic regulators of neuro-
transmission in the central nervous system (CNS), providing a mechanism by which 
rapid synaptic responses across channels glutamate-dependent cationic agents can 
be refined. Thus, mGluR participate in a wide variety of central nervous system 
functions.

In the family of metabotropic glutamate receptors, the presynaptic mGluR7 
receptor exhibits the highest evolutionary conservation and is thought to act as a 
regulator of neurotransmitter release. The mGluR7 receptor is the most widely dis-
tributed presynaptic receptor demonstrated to be critical in the normal functioning 
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of the central nervous system. In addition, a growing body of experimental evidence 
suggests that the mGluR7 receptor is not only a key player in the development of 
synaptic responses at glutamatergic synapses but is also a key regulator of inhibitory 
GABAergic transmission [65]. The development of selective pharmacological and 
genetic tools has allowed the dismantling of the mGluR7 receptor function in a 
multitude of physiological and behavioral processes. Thus, knockout mice have 
demonstrated a role for the mGluR7 receptor in anxiety, fear conditioning, aversion, 
learning, and spatial memory. In addition, these mGluR7- deficient metabotropic 
mice demonstrate increased susceptibility to epileptic seizures suggesting a unique 
role for this receptor in the regulation of neuronal excitability. Similarly, short-term 
alteration of synaptic plasticity in transgenic mGluR7-deficient metabotropic mice 
demonstrates that the absence of mGluR7 receptors causes short-term changes in 
synaptic plasticity in the hippocampus [66]. In addition, the discovery and recent 
characterization of the first allosteric antagonist acting on the Venus flytrap domain 
[67] of the N-terminus of the mGluR7 receptor definitively potentiate the observa-
tions made on mGluR7 knockout mice as to the function of this receptor in the anxi-
ety [68]. Together, these data suggest that the mGluR7 receptor is an important 
regulator of glutamatergic function, fear, aversion, and cognition, and therefore this 
receptor represents an innovative therapeutic target for stress-related disorders at 
the cognition and anxiety.

The two examples of knockout receptors indicated above for the development of 
anxiolytics are not exhaustive. There are indeed many other possibilities using 
knockout mice for the different types of serotonin or glutamatergic receptors. 
However, there are limits in the use of such animals. Indeed, it is very reductive to 
consider that a single receptor would be at the origin of the anxiety, and especially 
the experiments must take place quickly to avoid reactivation of the receptor by a 
phenomenon of homeostasis.

 Optogenetics

For the past 10 years, the development of optogenetics has revolutionized neurosci-
ence. By making the neurons sensitive to light, this new tool makes it possible to 
intervene on the brain and the nervous system, such as control of memories, taste, 
thirst, etc. The brain is an immense network of nearly 100 billion interconnected 
neurons, distributed in different brain areas and classified into different subtypes 
according to the neurotransmitter they release in response to stimulation. Poor neu-
ronal communication is at the root of neuropsychiatric disorders such as schizo-
phrenia and autism. Studying how information is transmitted in neural networks is 
therefore essential to better understand the functioning of the brain in physiological 
and pathological conditions. For this, it is essential to be able to specifically control 
the different types of cells that make up the neural networks. This was made possi-
ble a little more than 10 years ago by the development of optogenetics [69], a veri-
table technological revolution in the field of neuroscience. This technique consists 
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in genetically modifying neurons so that they become sensitive to light thanks to the 
expression of a protein: opsin [70].

In 2002, channelrhodopsin was identified [71]; it is a photosensitive protein 
derived from a green algae called Chlamydomonas reinhardtii. In this unicellular 
microorganism, channelrhodopsin is necessary for phototaxis, a process by which 
certain organisms move in space with respect to the light present in the environ-
ment, for example, to promote photosynthesis. In 2003, these same researchers dis-
covered and characterized channelrhodopsin-2, which is now the most used protein 
for optogenetic approaches. From a mechanistic point of view, channelrhodopsin-2 
is an ion channel activated by blue light. Its activation results in the opening of the 
channel which then allows the entry into the positive ion cell.

In 2005, it was shown that exposing neurons expressing channelrhodopsin-2 to 
blue light allows their activation by triggering action potentials (electrical message 
neurons) [72]. The power of this approach is based on spatial as well as temporal 
accuracy of neuron control. Spatial precision since it is possible, by genetic engineer-
ing, to target a specific neuronal population in a well-defined brain region so that the 
channelrhodopsin is produced only by the neurons that one wishes to activate. In 
addition, technological developments are underway to restrict the application of light 
to a much localized area of   the brain. Temporal precision, too, since neuron activa-
tion is transient and only occurs when the experimenter turns on the light.

By example, optogenetic stimulation of 5-HT fibers at the terminal streak induces 
the release of 5-HT, an effect enhanced by SSRIs. This stimulation does not modify 
the acquisition of the “conditioning of fear.” On the other hand, it increases the freez-
ing response to conditional stimulus and contextual stimulus, as well as anxiety. 
These effects of 5-HT released in the terminal streak, or SSRIs, are blocked by a 
5-HT2C receptor antagonist, in agreement with the literature. It can be concluded at 
this stage that the activation of the 5-HT2C receptors of the terminal streak induces 
an anxiogenic effect [73]. It has previously been shown that knockout mice for the 
5-HT2C receptor are less anxious and that corticotropin-releasing factor neurons of 
the terminal streak have reduced activation after a conditioning test of fear.

 Conclusion

The anxiety patterns are numerous, both animal and human; they have resulted in 
few new discoveries concerning anxiolytics. However, the zebrafish model may 
have a definite future combined with optogenetics. It also seems appropriate to use 
the different knockout animals for both serotoninergic and glutamatergic receptors. 
The fact that the pathophysiology of anxiety is complex has led to very different 
drug developments in this area. The first ones were the benzodiazepines discovered 
by serendipity. It turns out that animal models of anxiety have been developed as to 
their effectiveness for “screener” BZDs. BZDs decrease serotonin in the brain; they 
have a more disinhibiting effect than really anxiolytic. The SSRIs decrease cerebral 
serotonin concentrations in a less abrupt way than BZDs. That progressive decrease 
of serotonin contributes to their therapeutic success in anxiety disorders. Yet, it 
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remains to be studied if more specific derivatives of serotonergic receptors subtypes 
could have a better benefit/risk. The glutamatergic track arises from time to time, 
but we do not know how to control the balance glutamate/GABA. As to neuropep-
tides, they are not effective in themselves but seem to be modulators of serotoniner-
gic activity, used alone they are of a limited effectiveness. In my opinion we have 
tools to find and to develop new anxiolytics, but don’t forget that the clinical trials 
in the field of anxiety disorders are very difficult regarding the high level of placebo 
response.
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 Introduction

Consistent with the comment that “the Catholic Church changes its pope more than 
the American Psychiatric Association (APA) publishes a new version of the 
Diagnostic and Statistical Manual of Mental Disorder (DSM)” [1], the DSM has a 
tendency to resist change, and its revisions are primarily based on a pragmatic atti-
tude rather than scientific facts. This tendency is denoted as the “DSM conservative 
pragmatism” [2]. The DSM-I and DSM-II were published by the APA in 1952 and 
1968, respectively, based on psychoanalytic and psychodynamic theories. However, 
based on the Rosenhan experiment findings, the anti-psychiatry movement, and 
public debate on the diagnosis of homosexuality as a mental disorder, psychiatric 
diagnoses in the DSM-I and DSM-II were criticized for its conceptual inconsistency 
and arbitrariness [3–5]. To overcome the limitations of the DSM-I and DSM-II, an 
increase in empirical trends and biological psychiatry was proposed by the “DSM- 
III revolution” in 1980. Therefore, the operational diagnostic systems characterized 
by a descriptive approach, explicit inclusion and exclusion criteria, algorithms for 
the criteriology, nominalist conceptualization, etiological neutrality, and quantita-
tive approach were used in psychiatric nosology [6–8]. Additionally, in 1994, the 
DSM-IV succeeded the empirical trend and biological psychiatry of the DSM-III; 
however, the paradigm shift from categorical approach to dimensional approach 
was proposed to overcome the rigorously defined diagnoses in the DSM-III and 
DSM-IV. The DSM-5 was published by the APA in 2013, based on the combination 
of categorical and dimensional approaches in psychiatric nosology [9, 10].
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For the DSM-5 revision process of anxiety disorders, evidence for their reconcep-
tualization has been evaluated based on molecular genetics and neuroimaging find-
ings in fear circuit disorders and possibilities for their simplification based on common 
mechanisms and meta-structures. However, the bases for the reclassification and reor-
dering of anxiety disorders have not been sufficiently described by molecular genetics 
and neuroimaging studies. Moreover, consistent biological markers and processes for 
anxiety disorders have not been discovered. The availability of a new dimensional 
meta-structure has been restricted due to the evaluation of psychiatric nosology [11–
13]. Thus, the anxiety disorder revisions from the DSM-IV to DSM-5 cannot be sig-
nificantly affected by the paradigm shifts in psychiatric nosology. The most dominant 
changes in anxiety disorders have been as follows. First, because obsessive compul-
sive, acute stress, and post-traumatic stress disorders were excluded, the definitions of 
anxiety disorders have become clearer and more unified in the DSM-5. Second, selec-
tive mutism and separation anxiety disorder were reassigned to the anxiety disorder 
section; however, they have been included in disorders typically diagnosed in infancy, 
childhood, or adolescence in the DSM-IV. Thus, anxiety disorders were reordered 
with a development-related axis. Third, panic disorder and agoraphobia were reclassi-
fied with radical simplification and adapted to the International Classification of 
Diseases, tenth revision (ICD-10) convention. Thus, panic disorder and agoraphobia 
were changed into separate diagnoses. Fourth, in the diagnostic criteria for agorapho-
bia, specific phobia, and social anxiety disorder, a diagnostic restriction rule was 
removed that the patient had to be 18 years of age or older. In addition, the restriction 
of age of onset before 18 years was removed from separation anxiety disorder [13–
15]. Fifth, although several revisions have been proposed to overcome adapting the 
categorical concept to define generalized anxiety disorder (GAD), the DSM-5 diag-
nostic criteria for GAD remained unchanged from the DSM-IV criteria [16]. Sixth, 
mixed anxiety and depressive disorder requires symptoms of both anxiety and depres-
sion are present, whereas neither are predominant in the ICD-10. Although it has been 
intended to include mixed anxiety and anxiety disorder in the DSM-5, it has not been 
seen to fruition [17]. In this chapter, the changes, controversies, and future directions 
in anxiety disorders in the DSM-5 are reviewed and discussed.

 Panic Disorder and Agoraphobia

The diagnostic criteria for panic disorder and agoraphobia in the DSM-5 were changed 
primarily by separating agoraphobia from panic disorder, distinguishing agoraphobia 
from specific phobia, adding a 6-month duration criterion for agoraphobia, adding 
panic attacks as a specifier, and changing the descriptors of panic types [17–19].

The changes from the diagnoses of panic disorder with agoraphobia, panic disor-
der without agoraphobia, and agoraphobia without history of panic disorder to the 
two independent diagnoses were adapted in the DSM-5 [17–19]. According to the 
suggestions of Wittchen et al. [20], the separation of agoraphobia from panic disor-
der has been evidenced as follows: First, agoraphobia can develop without any 
panic symptoms. Second, agoraphobia does not always occur secondary to panic 
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symptoms. Third, agoraphobia without panic disorder can be characterized by its 
significant functional limitations, symptom persistence in clinical course, and low 
rates of spontaneous recovery. Fourth, agoraphobia and panic disorder evidently 
differ in terms of incidence, gender disparity, and treatment outcome. Fifth, agora-
phobia can be regarded as an independent contributor to the severity, course, and 
outcome of panic disorder. Sixth, panic disorder, panic disorder with agoraphobia, 
and agoraphobia differ in terms of temporal progression and stability; however, the 
interrelation between panic disorder and agoraphobia may blur the two diagnoses.

To overcome the unclear definitions of feared situations required to diagnose ago-
raphobia in the DSM-IV, specific criteria were introduced into the DSM-5 diagnostic 
criteria. The marked fear or anxiety in at least two of five situations including using 
public transportation, being in open spaces, being in enclosed places, standing in line 
or being in a crowd, and being outside of the home alone is required to diagnose ago-
raphobia in the DSM-5; however, the minimum of two fearful situations is poorly 
evidenced, thus leading to criticism. The distinguishing feature of agoraphobia from 
specific phobia is the “cognitive ideation,” which is associated with “dysfunctional 
beliefs,” “catastrophic misinterpretation,” and “fear consequences,” as defined in the 
DSM-5 [17–19]. Conversely, specific phobia such as claustrophobia, acrophobia, and 
blood-injection-injury phobia are characterized by fears of suffocation, dizziness, and 
fainting, respectively [21–23]. The blurred diagnostic boundaries between agorapho-
bia and specific phobia are criticized but can be developed in terms of cognitive ide-
ation (feared consequence). Thus, it is speculated that the etiologies and treatment 
outcomes between the two disorders can be arbitrarily differed in clinical research.

A 6-month duration criterion is newly required to diagnose agoraphobia in 
accordance with the diagnostic criteria for other anxiety disorders, since anxiety 
disorders can be distinguished from transient fear reactions based on the presence 
of enduring fear and anxiety [24, 25]. However, the suitability of the 6-month dura-
tion criterion for agoraphobia is poorly evidenced and needs to be researched fur-
ther. Moreover, the panic attack specifier can be used in the full range of mental 
disorders including other anxiety disorders, mood, psychotic, and substance use 
disorders in the DSM-5, although panic attacks have been confined to panic disor-
ders in the DSM-IV. More universal uses of the panic attacks specifier are evidenced 
by an association of panic attacks with increased symptom severity, increased sui-
cidal ideation and behavior, and diminished treatment response [26, 27].

Additionally, in terms of panic type descriptors, simplification from unexpected 
(uncued), situationally bound (cued), and situationally predisposed types to unex-
pected and expected subtypes are offered in the DSM-5. Cultural attributions, in terms 
of distinguishing expected from unexpected panic attacks, are newly stressed in the 
DSM-5, which are evidenced in a previous finding [28]. It is expected that a founda-
tion for diagnosis and differential diagnosis of panic attacks is provided by the clear 
distinctions of panic types. Moreover, because the clarification that panic attacks 
occur in the absence of real danger was removed in the DSM-5, panic attacks can be 
developed in both non-anxious and anxious states, and panic onset is indicated by the 
abrupt change in anxiety. However, by removal of this clarification, misclassifying the 
fear responses to actual threat as panic attacks may be increased in clinical practices.
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 Social Anxiety Disorder

The primary changes in the DSM-5 criteria for social anxiety disorder were social 
phobia was renamed social anxiety disorder, social situations associated with pri-
mary fear were broadened, the importance of sociocultural context in determining 
whether an anxious response to a social situation is out of proportion to the actual 
threat, diagnosis of social anxiety disorder in the context of a medical condition, and 
revisions in variations of social anxiety disorder [29].

Social anxiety disorder, rather than social phobia, was conceptualized as a pri-
mary name in the DSM-5, although social anxiety disorder was only an alternative 
name for social phobia in the DSM-IV. This renaming was caused by a mistaken 
impression in mental health and primary care settings that the disorder may be nei-
ther frequent nor impairing in individuals with social phobia. Moreover, the sense 
of pervasiveness and impairment can be conveyed more efficiently by social anxiety 
disorder rather than social phobia [30]. A study on the influences of the name of the 
disorder on perceived need for treatment in a sample of 806 community residents 
found that recommending a person seek treatment is more frequently labeled as 
social anxiety disorder rather than social phobia [31].

Additionally, the social situations are broadened from humiliating or embarrass-
ing to being negatively evaluated by others in the changes from the DSM-IV to 
DSM-5. This broadening is partly supported by a proposal that not only humiliation 
and embarrassment but also rejection and offending others can be main sources for 
fear in individuals with social anxiety disorder [29]. The broadening is evidenced by 
an association between anger suppression and fear of negative evaluation in persons 
with social anxiety disorder, greater ambivalence about emotional expression, and 
more negative beliefs about emotional expression in persons with high social anxi-
ety rather than those with low anxiety [32, 33].

In the DSM-5, excessive or unreasonable fear in social anxiety disorder is charac-
terized by objective evaluation rather than subjective report. This judgment based on 
objective evaluation is evidenced by the well-replicated findings in individuals with 
social anxiety that the quality of behavioral performance is underestimated and the 
likelihood of negative outcomes in social situations is overestimated [34–36]. 
Furthermore, to evaluate the disproportion between fear of anxiety and actual risk, the 
sociocultural context is recommended as the judging method in the DSM-5. Cultural 
syndromes are defined as clusters or groups of co-occurring and relatively invariant 
symptoms specific to a particular culture and are represented by the influences of 
culture on the presentation and course of psychiatric disorders in the DSM- 5. Thus, 
the specific influences of culture on anxiety disorders can be significant in the context 
of cultural syndromes [37]. Taijin kyofusho denotes a Japanese culture-specific syn-
drome, which is characterized by the extreme fear of embarrassing oneself. A person 
who fears that he or she would offend others by emitting offensive odors, blushing, 
staring inappropriately, and presenting an improper facial expression or physical 
deformity has been categorized as the offensive subtype of taijin kyofusho [38–40]. 
The relationship between members of social organizations is regarded as an important 
factor to define taijin kyofusho and other cultural syndromes, which are described in 
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the DSM-5 [41]. Thus, it is speculated that social anxiety disorder and other emotional 
disorders are contributed to by a person’s cultural orientation and cultural norms [42].

Distinguishing social anxiety disorder from social anxiety symptoms that are the 
consequence of a medical disorder has been an important boundary issue in psychi-
atric nosology, since social fear can be caused by medical disorders including 
hyperhidrosis or tremors. In the DSM-IV, the diagnosis of social anxiety disorder 
was given to persons whose symptoms could not be attributed to another psychiatric 
or medical condition, with the social fear unrelated to another condition. Conversely, 
in the DSM-5, the diagnosis of social anxiety disorder in the presence of a comorbid 
medical condition is permitted, therefore recognizing the social fear, anxiety, or 
avoidance is unrelated to the medical disorder or is excessive. This change partly 
supported the findings that individuals with Parkinson’s disease, hyperhidrosis, 
hyperkinesis, obesity, essential tremors, or psoriasis present clinically significant 
and impairing social anxiety [43–48].

In the DSM-5, the “generalized” specifier is replaced by a “performance-only” 
specifier, which is applied to fear related to speaking or performing in public. To 
overcome the limitations of the generalized specifier on the quantity, rather than 
content, in the DSM-IV, the performance-only specifier was newly added in the 
DSM-5. The necessity for the performance-only specifier is supported by findings 
from patients who suffer exclusively from performance fears, which are considered 
a distinct subtype. Additionally, some patients with social anxiety disorder have 
reported only performance fears [25, 49]. The response to beta-adrenergic blocking 
agents is more frequently presented in some patients with performance-only social 
fears rather than patients with other types of social anxiety disorder [50].

 Separation Anxiety Disorder

Separation anxiety disorder was reassigned into anxiety disorders in the DSM-5, 
although it had been included in disorders typically first diagnosed in infancy, child-
hood, or adolescence in the DSM-IV. This was accompanied by lifting the age of 
onset restriction and revising symptom descriptors to facilitate their application to 
not only children and adolescents but also adults [51]. These changes are supported 
by findings that early separation anxiety is a genetic risk factor for a range of anxiety 
disorders in adulthood [52–56]. This research on adult separation anxiety disorder 
has demonstrated core findings, including consistent identification of separation 
anxiety disorder in adults, the relatively high prevalence (20–40%) of separation 
anxiety disorder in clinical populations, similar comorbidity patterns to other sub-
types of anxiety, relatively common onset of separation anxiety disorder in adult-
hood, relatively high prevalence of adult separation anxiety disorder among women, 
familial pattern of separation anxiety disorder, and exposure to overprotective par-
enting as childhood risk factor [51, 57–61]. Thus, by reducing the differences 
between childhood and adulthood categories by lifting the age of onset restriction 
and reassignment into anxiety disorders in separation anxiety disorder, more sym-
metrical classifications of anxiety subtypes have been created in the DSM-5.
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 Selective Mutism

Similar to separation anxiety disorder, selective mutism was reassigned into anxiety 
disorders in the DSM-5; however, the symptom descriptors are slightly changed. 
This reassignment of selective mutism into anxiety disorders is partly supported by 
the following findings: First, anxiety is identified as a prominent feature of selective 
mutism. Anxiety-related symptoms and behaviors are displayed by children with 
selective mutism. Second, many factors related to the origins of other childhood 
anxiety disorders contribute to the etiology of selective mutism. Third, children with 
selective mutism are effectively treated with behavioral and cognitive- behavioral 
therapies and pharmacotherapy with selective serotonin reuptake inhibitors [62].

 Controversies and Future Directions

The changes from the DSM-IV to DSM-5 inevitably contributed to lowering the diag-
nostic threshold in anxiety disorders including agoraphobia, social anxiety disorder, 
and other disorders. Remarkably, in a population-based survey of 136,357 adult 
respondents, the World Mental Health Initiative has presented that the lifetime and 
12-month prevalence of agoraphobia per the DSM-5 are 1.5% and 1.0%, respectively, 
whereas those of DSM-IV agoraphobia are 1.4% and 0.9%, respectively. Of those 
who had met the criteria for agoraphobia, 57.1% were diagnosed based on both the 
DSM-IV and DSM-5 criteria, whereas 24.2% met for the DSM-5 only, and 18.8% 
met for the DSM-IV only. In accordance with lowering the diagnostic threshold, new 
cases of agoraphobia have been identified by the diagnostic criteria in the DSM-5 
[63]. In addition, increased prevalence rates of social anxiety disorder have been pre-
sented in the general population due to the criteria changes in the DSM-5 [64, 65].

Defining anxiety disorders is most often in terms of the categorical versus dimen-
sional approaches. Several studies have demonstrated that GAD is more closely 
related to depressive disorders than other anxiety disorders including panic disorder, 
agoraphobia, social phobia, and specific phobia. Because of a close link between 
GAD and major depressive disorder at the genetic level, it is proposed that GAD 
cannot be appropriately defined in the dichotomy between anxiety and depression 
and GAD should be classified within depressive disorders. However, the proposed 
associated symptom criterion changes for GAD have been dropped, and the symp-
tom descriptors for GAD were unchanged in the DSM-5. The arbitrariness in defin-
ing the diagnoses of anxiety disorders, such as GAD, remains in the DSM-5. Thus, 
it is proposed that transdiagnostic specifiers and dimensional assessment tools may 
be used as alternative methods to overcome the restrictions for the dichotomous 
views of the categorical and dimensional approaches in the DSM-5 diagnostic cri-
teria for anxiety disorders [16, 66–68].

Cultural influences are regarded as a significant factor for clinical presentations 
of panic attacks in the DSM-5. Additionally, the cross-cultural presentations of 
panic attacks may be influenced by the cultural syndromes including khyal attacks 
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(Cambodian cultural syndrome involving dizziness, tinnitus, and neck soreness), 
trung gio attacks (Vietnamese cultural syndrome involving headaches), and ataque 
de nervios (Latin cultural syndrome involving trembling, uncontrollable screaming, 
crying, aggressive or suicidal behavior, and depersonalization or derealization). 
Moreover, the sociocultural context is proposed as a defining factor for the dispro-
portion between the fear of anxiety and the actual risk in the DSM-5 criteria for 
social anxiety disorder [15]. It is speculated that the clinical significance of cultural 
influences on the definitions and presentations of anxiety disorders may reveal the 
limitations of categorical concepts.

 Conclusions

The DSM-5 was revised from the DSM-IV, based on the combination of categorical 
and dimensional approaches. Due to the removal of obsessive-compulsive, acute 
stress, and post-traumatic stress disorders, clearness and unification of diagnostic con-
cepts for anxiety disorders have increased. The symmetrical classification of anxiety 
subtypes in general has increased by reassigning separation and selective mutism as 
anxiety disorders and lifting the age of onset restrictions in agoraphobia, specific pho-
bia, social anxiety disorder, and separation anxiety disorder. Additionally, the devel-
opment-related axis is stronger in the DSM-5 criteria for anxiety disorders. Moreover, 
based on accumulated evidence, agoraphobia has been separated from panic disorder, 
and sociocultural context is regarded as a significant factor for definitions and presen-
tations of anxiety disorders. However, the DSM-5 criteria for anxiety disorders have 
several debates as follows: Lowering the diagnostic thresholds is shown in the DSM-5 
anxiety disorders including agoraphobia and social anxiety disorder. Partly under the 
influence of the categorical approach, GAD is unchanged and mixed anxiety and 
depressive disorder in the DSM-5. To overcome the listed limitations in the DSM-5 
criteria for anxiety disorder, further studies for alternative methods including transdi-
agnostic specifiers and assessment tools may be necessary.
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Biological and Clinical Markers 
to Differentiate the Type of Anxiety 
Disorders

Fiammetta Cosci and Giovanni Mansueto

 Anxiety Disorders and the Use of Markers in Psychiatry

A biomarker is an objectively measured characteristic used as an indicator of normal 
biologic and pathologic processes or biological responses to specific treatments [1, 2]. 
Some authors suggested that mental diseases might be classified according to objective 
markers [1–4] assuming that they may clarify the aetiology of psychiatric diseases, con-
firm a diagnosis, identify individuals at risk, determine the severity of mental illness, and 
predict the course of the illness [3–5]. The use of markers is claimed to lead to personal-
ized psychiatric treatments informing about the type, timing, and course of interventions 
and monitoring the clinical response to them [3–5]. Markers, to be valid, must have at 
least an acceptable level of sensitivity, specificity, and predictivity [4]. They were classi-
fied as (a) susceptibility/risk markers, which indicate the potential for developing a dis-
ease in an individual who, from a clinical standpoint, does not have that disease or 
clinically relevant medical condition; (b) diagnostic markers, which are used to identify 
ill subjects or a subset of the disease; (c) prognostic markers, which allow to identify the 
likelihood of a clinical event, disease recurrence, or progression in ill subjects or in 
medical condition of clinical interest; and (d) predictive markers, which identify those 
who are more likely to have a favorable or unfavorable response to treatment [6–8].

We will here illustrate the markers proposed in the literature for anxiety disor-
ders as classified by the DSM-5 [9], that is, panic disorder (PD), agoraphobia 
(AGO), generalized anxiety disorder (GAD), specific phobia (SP), social anxiety 
disorder (SAD), separation anxiety disorder (SepAD), and selective mutism (SM).
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 Biological Markers in Panic Disorder

 Structural/Activity Changes in Brain Regions
Structural or activity changes in the amygdala, hippocampus, parahippocampal 
gyri, brainstem nuclei, insular cortices, left inferior frontal gyrus, dorsomedial pre-
frontal cortex, and left caudatum have been proposed as biomarkers of panic disor-
der given that significant differences in the volume or in functional activity of these 
areas were observed in PD patients and not in controls [10, 11]. Similarly, the cere-
bral blood flow in the left occipital cortex and the serotonin (5-TH) were suggested 
as biomarkers given that a higher cerebral blood flow and lower 5-TH plasma levels 
were found in PD patients than in controls (P < 0.05) [10–12]. Some evidences also 
reported a significant association between noradrenergic hyperactivation and symp-
toms in PD patients but not in patients with other psychiatric disorders (i.e., GAD, 
obsessive compulsive disorder, depression, schizophrenia) [10, 11, 13]. One study 
showed that variations in serum levels of tetranectin (TN) and creatine kinase MB 
(CK MB) might be associated with the severity of PD since that elevated serum of 
TN and CK MB was found to predict the development of depressive episodes in PD 
patients within 2 years [14]. There is still little evidence of neuropsychological 
impairment in PD patients when compared to healthy controls or to subjects with 
anxiety disorders other than panic [15].

 Genetics
Monoamine oxidase A (MAOA) gene and genetic variants conceivably related to 
lower 5-HT neurotransmission might be putative biomarkers of PD [10, 16, 17]. In 
PD patients, the serotonin-transporter-linked polymorphic region (5-HTTLPR) 
L-allele, the HTR1A -1019C allele, and the catechol-O-methyltransferase (COMT) 
158Val allele were found associated with a better response to antidepressant treat-
ment and to exposure-based cognitive behavior therapy [10].

 Respiratory Patterns
An aberrant respiratory regulation was proposed as a core feature of PD given that

hyperventilation, higher rates of sighs, and apnea in respiratory patterns were 
found in PD patients and not in healthy controls or in patients with social phobia or 
GAD [18, 19].

 Hearth Rate Variability, Cardiac Vagal Tone, Blood Cells, and Blood 
Stem Cells
Hearth rate variability (HRV), i.e., the extent to which the interval between beats 
varies with time, is a core feature of cardiovascular diseases [20] that was found 
positively associated with panic attacks in clinical and nonclinical samples [10, 21, 
22]. PD patients have a higher risk of cardiovascular disease than healthy subjects, 
and the prevalence of PD among cardiac outpatients ranges from 4 to 12.5% [23].

A recent study [24] suggests that the variations on the cardiac vagal tone (CVT) 
may be a putative biomarker of PD since changes in CVT levels might be a useful 
tool to predict a favorable/unfavorable response to the exposure-focused therapy. It 

F. Cosci and G. Mansueto



199

has been observed that PD patients with lower CVT are more likely to show residual 
symptoms after completing exposure-focused therapy [24].

Blood cells and peripheral blood stem cells were suggested as further biomarkers 
since higher platelet distribution width, red cell distribution width, and mean plate-
let volume were reported in PD patients and not in healthy controls [25–27].

 Hypothalamic–Pituitary–Adrenal Axis
McEwen [28–30] introduced the concept of allostasis to describe the ability of the 
organism to detect environmental (external) and physiological (internal) changes 
and to activate adaptive responses by which homeostasis is achieved through 
change. Three highly integrated systems, i.e., the nervous, the immune, and endo-
crine systems, were assumed to mediate the allostatic process leading to a short- 
term adaptation in the face of environmental challenges [28–30]. In response to 
chronic stress, the prolonged and sustained activation of the allostatic systems (i.e., 
allostatic load-overload) might lead to detrimental physiological consequences [28–
30]. When stress is persistent, the negative feedback system that serves to dampen 
the HPA axis activation is impaired inducing chronic cortisol release [31, 32], flat-
tering circadian variation, and heightening daily cortisol secretion [28, 31].

Among PD patients, the role of HPA axis activity seems to be still unclear. Some 
evidences showed higher cortisol secretion during panic attacks compared to the 
same individuals at comparable times of panic-free days [33, 34]. Other studies 
showed unchanged or lack of HPA axis activation during spontaneous attacks [33]. 
Furthermore, while some studies reported higher cortisol secretion in PD patients 
than in healthy controls, others did not [10, 11, 32, 33, 35, 36]. These mixed findings 
might be due to several issues: (a) the HPA axis might be activated at the beginning 
of the panic attack due to an arousal in reaction to novelty cues and/or to anxiety 
anticipatory about other attacks and/or the avoidance of situations where having an 
attack might be embarrassing [32, 36, 37]; (b) after the acute phase of a panic attack, 
the HPA axis activation normalizes due to a successful habituation to the repeated 
experiences of panic [32, 36, 38]; and (c) the association between HPA axis activity 
and PD might be biased by comorbidities since higher cortisol levels were found 
also in depressed patients [39, 40].

 Classification of Putative Biomarkers for Panic Disorder
Structural or activity changes in brain regions increased flow of the cerebral blood 
level in the left occipital cortex, monoamine oxidase gene and genetic variants (e.g., 
lower 5-HT neurotransmission), aberrant respiratory regulation, and variation in the 
HRV and in the peripheral blood stem cell distribution were observed in PD patients 
but not in controls [10, 11, 18, 19, 25]; thus they are susceptibility and/or diagnostic 
biomarkers which can be used to identify subjects with higher vulnerability for 
developing PD from healthy controls. On the contrary, due to the mixed results, the 
identification of HPA axis activation and neurocognition as susceptibility and/or 
diagnostic biomarkers of PD is still far.

Since longitudinal studies showed that the changes in the HPA axis activity, 
HRV, and serum levels of TN and CK MB predict more severe symptoms, increased 
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vulnerability to depressive disorders and to cardiovascular diseases, and lower 
social and work functioning [14, 40–42], these biomarkers can be prognostic ones.

Serotonin-transporter-linked polymorphic region L-allele, the HTR1A –1019C 
allele, the COMT 158Val allele, and the CVT might be predictive biomarkers since they 
can allow to identify PD patients with a positive/negative response to treatment [10, 24].

Table 13.1 shows a possible classification of PD biomarkers. To be noted that the 
majority of the studies included PD subjects with agoraphobia, thus the biomarkers 
illustrated might be biased by the comorbidity with agoraphobia [43].

 Biological Markers in Agoraphobia

To date, research aimed at identifying biomarkers of agoraphobia are lacking 
because a minority of studies explored patients with AG without PD [10, 11, 44]. 
Neurobiological and genetic studies proposed the variation in urinary lysosomal 
enzyme N-acetyl-b-glucosaminidase (NAG) levels as candidate biomarker of AG 
since NAG levels were found higher in agoraphobic patients than in PD patients 
(mean ± SD, 22.0 ± 21.0 vs 9.7 ± 8.0; P < 0.05) [45]. The HPA axis activity was 

Table 13.1 Putative biomarkers for panic disorder

Susceptibility/
risk marker

Diagnostic 
marker

Prognostic 
marker

Predictive 
marker

Structural or activity changes 
in brain regionsa

●

Cerebral blood level in the 
left occipital cortex

● ●

Molecular serum panel ●
Neurocognition ●b ●b

MAOA, 5-HT ● ●
5-HTTLPR L-allele,  
HTR1A -1019C allele, 
COMT 158Val allele

●

Aberrant respiratory 
regulation

● ●

Heart rate variability–cardiac 
vagal tone

● ● ● ●

Blood cells and peripheral 
blood stem cells

● ●

HPA axis dysregulation/
cortisol secretion

● ●b ●

Note: MAOA monoamine oxidase, HTR1A, HTR2A serotonin receptor gene, TPH2 tryptophan 
hydroxylase 2 genes, CRH1 corticotropin-releasing hormone type 1 receptor, CCK neuropeptide 
cholecystokinin, 5-HTTLPR serotonin-transporter-linked polymorphic region, COMT catechol-O- 
methyltransferase, HPA hypothalamic–pituitary–adrenal
aamygdala, hippocampus, parahippocampal gyri, brainstem nuclei, insular cortices, left inferior 
frontal gyrus, dorsomedial prefrontal cortex, and left caudatum
bis not fully confirmed
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proposed as a biomarker since a higher cortisol secretion was found in agoraphobic 
PD patients if compared to PD patients without AG and if compared with healthy 
controls [46, 47].

 Biological Markers in Generalized Anxiety Disorder

 Structural/Activity Changes in Brain Regions
Structural changes in the amygdala, hippocampus, midbrain, dorsolateral prefrontal 
cortex (DPC), and basal ganglia were proposed as biomarkers of generalized anxi-
ety disorder [10, 11, 48] since meaningful anatomical changes and significant dif-
ferences in the gray or white matter volume of these regions were found in GAD 
patients and not in healthy controls [10, 11, 48]. However, changes in hippocampus/
amygdala volumes are associated with an increased or with a decreased severity of 
symptoms [48]. One study showed that changes in the left hippocampal volume 
were positively associated with anxiety [49], while in another study, hippocampus 
and amygdala volumes were not found correlated with worry or intolerance of 
uncertainty [50].

Similarly, the functional activity changes in the prefrontal cortex, middle tempo-
ral gyrus, amygdala, and basal ganglia [10, 48, 51, 52] might be biomarkers for 
GAD, but results are mixed due to a heterogeneity of methods [51]. The most consis-
tent results suggested that patients with GAD report weaker functional activity in the 
prefrontal cortex, anterior cingulate cortex, and middle temporal gyrus if compared 
to healthy controls [10, 48, 51, 52]. Moreover, lower reactivity in the anterior cingu-
late cortex and in the amygdala was found to predict a positive response to treatment 
with venlafaxine in terms of reduction of worry and anxiety severity [53, 54].

Magnetic resonance imaging and positron emission tomography studies pro-
posed that the variation in N-acetylaspartate/creatine and dopamine transporter 
(DAT) levels might be biomarkers of GAD [10, 48]. Negative correlations between 
the low level of choline/NAA in the dorsolateral PFC and anxiety severity, higher 
ratio of N-acetylaspartate/creatine in the right DPC, and lower levels of DAT in the 
striatum were observed in GAD patients and not in healthy controls [10, 48].

The error-related negativity, i.e., a burst of electrical activity that appears as a 
sharp negative-going peak in the event-related potential waveform at fronto-central 
sites elicited when subjects make mistakes on laboratory-based reaction time tasks 
[55], was proposed as biomarker since a greater activation was reported in GAD 
patients than in healthy controls [55].

Some evidences showed that GAD patients, compared to healthy controls, score 
lower on cognitive domains such as attention, information processing speed, work-
ing memory, inhibition, problem-solving, and immediate and delayed memory [11, 
56, 57]. It was hypothesized that GAD patients suffer from a decrement in target 
stimulus processing due to an attentional bias toward emotional distracters [56]. 
However, studies exploring neurocognitive impairments in GAD patients are still 
rare [11, 56]; neurocognitive performance might be influenced by state and trait 
anxiety [58]; and in those prone to evaluative anxiety, the results of neurocognitive 
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test might underestimate the effective cognitive capacity or can be misinterpreted 
because of an impaired neurocognitive functioning [58].

 Genetics
Some evidences proposed the polymorphism of the brain-derived neurotrophic fac-
tor (BDNF) gene, the catechol-O-methyltransferase gene, the MAOA 941T allele, 
and the 5-HTT gene-linked functional polymorphic region as possible biomarkers 
since they are positively associated with GAD [48]. However, these findings might 
be biased by the rate of psychiatric comorbidities. For instance, within the 5-HT1A 
gene although the G(−1019) allele carriers were found to be more frequent among 
GAD patients than among healthy controls (OR  =  2.54; 95% CI  =  1.28–4.86; 
p = 0.003), the association was no longer significant after adjusting for the presence 
of major depression (OR = 1.97; 95% CI = 0.99–3.91; P = 0.05) [59].

 Heart Rate Variability
Lower heart rate variability was found in GAD patients when compared to healthy 
controls [60]. However, some studies did not find significant differences when HRV 
was evaluated during experimental task inducing worry, imagery, or hyperventila-
tion [61–64].

 Hypothalamic–Pituitary–Adrenal Axis Dysregulation
Compared to healthy controls, both increased and decreased HPA axis activities was 
observed in GAD patients [10, 11, 32, 48]. Variations in cortisol levels in GAD 
patients seem not to be associated with the medication in use [65]. However, whether 
the hyper–hypo activation of the HPA axis in GAD patients might be influenced by 
the co-occurrence of other psychiatry disorders is unclear. Indeed, higher cortisol 
awakening was found among those with GAD and major depression and not among 
those with GAD without depression [39]. On the other hand, cortisol changes seem 
associated with anxiety and worry [65, 66] since GAD patients with and without 
comorbid depression or other anxiety disorders and presenting increased levels of 
worry and more severe anxiety symptoms had higher cortisol secretion at waking 
and 30 min afterward [65]. Decreased cortisol levels were observed in GAD patients 
reporting low anxiety after 24 weeks of cognitive behavioral therapy [66].

 Classification of Putative Biomarkers of Generalized Anxiety 
Disorder
Structural or activity changes in the brain regions, variation in the gray and white 
matter volumes, variation in N-acetylaspartate/creatine and dopamine, and error- 
related negativity were reported in GAD patients and not in healthy controls; thus 
they might be classified as susceptibility and/or diagnostic biomarkers of GAD and 
might be used to discriminate between GAD subjects and healthy controls. On the 
other hand, HPA axis activity, heart rate variability, neurocognition, and genes poly-
morphisms are still not identifiable as susceptibility and/or diagnostic biomarkers of 
GAD due to the paucity of the scientific evidence.
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Anatomical changes in the right striatum, anterior cingulate cortex, prefrontal 
cortex, and right precentral and a higher cortisol secretion at waking were found 
correlated with higher worry and anxiety in GAD patients [50, 65, 67]; thus they 
might be prognostic biomarkers. In addition, lower reactivity in the anterior cingu-
late cortex and in the amygdala predicts a positive response to treatment with ven-
lafaxine [53, 54]; thus they might be predictive biomarkers. Table  13.2 shows a 
proposal of biomarkers for GAD.

 Biological Markers of Specific Phobia

 Structural/Activity Changes in Brain Regions
Significant differences in the functional activity in the insula; ACC; amygdala; pre-
frontal, dorsolateral, and orbitofrontal cortex; bilateral fusiform gyrus; left cingu-
late cortex; and left thalamus were observed between patients with phobia related to 
situations and/or animals and healthy controls in relation to the exposure to phobic 

Table 13.2 Putative biomarkers for generalized anxiety disorder

Susceptibility/risk 
marker

Diagnostic 
marker

Prognostic 
marker

Predictive 
marker

Structural changes in the 
braina

● ● ●e ●

Variations in gray matter 
volumes b

● ●

Variations in white matter 
volumesc

●

Activity of the ACC, PFC, 
and amygdala

● ● ●

N-Acetylaspartate/
creatine

● ●

Dopamine ● ●
Neurocognition ●e ●e

Genesd ●e ●e

Hearth rate variability ●e ●e

HPA axis dysregulation/
cortisol secretion

●e ●e ●

Error related negativity ● ●
Note: HPA hypothalamic–pituitary–adrenal, ACC anterior cingulate cortex, PFC prefrontal 
cortex
aamygdala, hippocampus, midbrain, dorsolateral prefrontal cortex (DPC), and basal ganglia
bhippocampus, amygdala, dorsolateral prefrontal cortex (DPC), and basal ganglia
cdorsolateral prefrontal cortex (DPC)
dpolymorphism of the brain-derived neurotrophic factor (BDNF) gene, catechol-O- 
methyltransferase (COMT) gene, the MAOA 941T allele, and the 5-HTT gene-linked functional 
polymorphic region
eit is not fully confirmed
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stimuli [68, 69]. However, Linares et al. [68] did not show increased activity of the 
amygdala within SP patients.

 Genetics
A study conducted on the Mainland Chinese population reported a higher frequency 
of A-allele of the rs10835210 in subjects with phobia if compared to healthy sub-
jects suggesting a possible association between the BDNF gene and phobic disor-
ders [70].

 Hypothalamic–Pituitary–Adrenal Axis Dysregulation
Some studies reported hyper–hypo cortisol secretion in SP patients compared to 
healthy controls as well as in subjects exposed to phobic stimuli compared to sub-
jects exposed to neutral exposures [71, 72]. Other studies did not find statistically 
significant differences in salivary cortisol levels between patients with SP and 
healthy controls or statistically significant correlations between cortisol levels and 
fear after the exposure to phobic stimuli in SP patients [10, 11, 73]. Other authors 
proposed that changes in cortisol levels in SP subjects might be associated with a 
better response to extinction-based psychotherapy, since the administration of cor-
tisol enhanced extinction-based psychotherapy effects in terms of reduction of fear 
of heights [74].

 Classification of Putative Biomarkers for Social Phobia
Given that activity changes in the brain regions and the BDNF gene was found the 
most prevalent in SP patients than in healthy controls [10, 11, 68, 69], these can be 
proposed as susceptibility and/or diagnostic biomarkers. On the contrary, the role of 
HPA axis activation as susceptibility and/or diagnostic biomarkers of SP is unclear, 
and longitudinal studies are needed to confirm it. Since the administration of corti-
sol was found to enhance extinction-based psychotherapy therapeutic effects [74], 
cortisol secretion might be classified as a predictive biomarker [11, 74, 75]. In 
Table 13.3 a classification of biomarkers for SP is proposed.

Table 13.3 Putative biomarkers for specific phobia

Susceptibility/risk 
marker

Diagnostic 
marker

Prognostic 
marker

Predictive 
marker

Activity changes in the 
braina

● ●

BDNF gene ● ●
HPA axis dysregulation/
cortisol secretion

● ●b ●

Note: HPA hypothalamic–pituitary–adrenal, BDNF brain-derived neurotrophic factor
ainsula, ACC, amygdala, prefrontal, dorsolateral, and orbitofrontal cortex, bilateral fusiform gyrus, 
left cingulate cortex, and the left thalamus
bit is not fully confirmed
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 Biological Markers in Social Anxiety Disorder

 Structural/Activity Changes in Brain Regions
Structural and activity changes in the amygdala, hippocampus, and insula were pro-
posed as biomarkers of SAD given that, compared to healthy controls, altered brain 
functioning and lower brain volume (limited to the amygdala and hippocampus) 
were found in SAD patients [10, 76]. Moreover, anatomical changes in the hippo-
campus and amygdala as well as variations in oxytocin and serum molecular levels 
(i.e., AXL receptor tyrosine kinase, vascular cell adhesion molecule, collagen IV, 
vascular cell adhesion molecule 1, vitronectin) were found associated with more 
severe anxiety, onset of social fears, and depressive symptoms [76, 77].

Dopamine and serotonin were proposed as biomarkers since lower striatal den-
sity of dopamine and higher serotonin synthesis were observed in SAD patients and 
not in healthy controls [10].

Significant differences between SAD patients and healthy subjects were found 
related to the cerebral blood flow levels, with SAD subjects reporting enhanced 
regional blood flow in the amygdala–hippocampal region, right dorsolateral PFC, 
left inferior temporal cortex, and lower brain blood flow in the left temporal pole 
and in the cerebellum [10]. In addition, higher regional cerebral blood flow at the 
baseline in the anterior and lateral part of the left temporal cortex, and in the lateral 
part of the left mid-frontal regions, was observed in SAD patients who did not 
respond to selective serotonin reuptake inhibitors (SSRIs) as compared to respond-
ers [78]. However, these findings were not replicated [10].

 Heart Rate Variability
Lower heart rate variability, that is, lower time domain and lower frequency domain, 
was observed in SAD patients when compared to healthy controls [60], and an 
experimental study showed lower HRV in SAD patients if compared to healthy 
controls when they undergo a social performance task [79]. Reduced HRV was 
positively correlated with anxiety symptom severity, psychological distress, and 
harmful alcohol use within SAD patients [80].

However, the strength of the association between HRV and SAD was smaller if 
compared with other anxiety disorders [60, 64, 81]; thus further studies are in need 
to confirm the role of HRV as biomarker of SAD.

 Neurocognition
SAD patients reported decreased performance on tests of visuospatial and construc-
tive ability than healthy controls [82, 83]. There are also evidences of poor verbal 
memory functions, working memory, processing speed, visuospatial memory, and 
word fluency [82, 83].

However, the relationship between SAD and neurocognitive functioning is 
debated since it might be biased by state anxiety, emotion suppression, depressive 
comorbidity, medication use, and cognitive style which includes cognitively vicious 
circles during social situations [82, 83].
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 Hypothalamic–Pituitary–Adrenal Axis Dysregulation
During psychosocial stress (e.g., public speech task, performed mental arithmetic, 
and memory tests before an audience) changes in cortisol levels were found in SAD 
subjects and not in healthy controls [11]. Such changes are associated with severity 
of the disorder since negative correlations were found between cortisol plasma lev-
els and 5-HT1A binding in the amygdala, hippocampus, and retrosplenial cortex as 
well as between cortisol plasma levels and trait anxiety scores, while among healthy 
controls, no significant correlations were found between cortisol plasma levels and 
trait anxiety scores [84]. However, some studies did not confirm these results [11]. 
The inconsistency could be due to methodological differences across studies: (a) the 
non-standardization of stressors to evaluate the cortisol stress reactivity [85]; (b) the 
confounding effect of age which influences the cortisol response to stressor [85, 86] 
was not taken into account; and (c) the comorbidity with major depressive disorder, 
which influences the cortisol stress reactivity in SAD patients [87].

 Classification of Putative Biomarkers for Social Anxiety Disorder
Structural and activity changes in the brain regions and variations in dopamine/
serotonin as well as in cerebral blood flow levels and in heart rate variability were 
found in SAD subjects and not in controls [10, 11, 60]; thus these might be suscep-
tibility and/or diagnostic biomarkers. On the contrary, the role of HPA axis activa-
tion and neurocognition as susceptibility and/or diagnostic biomarkers of SAD 
remains unclear; longitudinal studies are needed to confirm it.

Anatomical changes in the hippocampus and amygdala as well as variations in 
oxytocin, serum molecular levels, and heart rate variability were found associated 
with more severe outcomes in SAD subjects, that is, more severe anxiety, social 
fears co-occurrence, and comorbidity with other psychiatric disorders such as 
depression [76, 77, 80]. Thus, they might be suitable as prognostic biomarkers 
which predict unfavorable/favorable course of the social anxiety disorder.

Higher cerebral blood flow in the left temporal cortex and in the lateral part of 
the left mid-frontal regions and lower anterior cingulate cortex activity were sug-
gested as prognostic biomarkers, and they might allow to identify subjects at a 
higher risk of unfavorable response to SSRIs [78] (Table 13.4).

 Biological Markers in Separation Anxiety Disorder 
and in Selective Mutism

Although separation anxiety disorder and selective mutism are now held to be rel-
evant in adulthood [88], studies exploring their biomarkers in adults are still limited 
in numbers and focus only on separation anxiety disorder.

Oxytocin and translocator protein (TSPO) were assumed as possible biomarkers 
of SepAD since the single nucleotide polymorphism rs53576 of the oxytocin recep-
tor (OXTR) gene and lower platelet expression of TSPO density were found associ-
ated with adult separation anxiety disorder (A-SepAD) [10, 11].

F. Cosci and G. Mansueto



207

 The Biomarker Crisis

Research on biomarkers is prone to consider single brain region/circuit or a specific 
neurotransmitter without ravelling one-to-one association with a specific illness [2] 
although psychiatry disorders are multidimensional in their description, are multi-
factorial in their origins, and involve nonlinear interactions in their progress [89]. 
Thus, it is doubtful that a single biomarker might explain the aetiology of an exclu-
sive mental disease [4, 90]. Multimodal approach where the diagnosis and the 
course of illness are explained by the interaction between different biomarkers 
might be more appropriate [2, 4, 90]. In addition, different biomarkers might be 
related to a cluster of symptoms rather than to a specific diagnosis [2, 4, 90].

Some biomarkers as structural variations in the amygdala and/or hippocampus 
present good reliability [10, 11], and clinicians do not use them for practical and 
economic reasons [90]; simple and cost-effective biomarkers [4, 90] such as saliva 
cortisol, heart rate variability, blood cells, peripheral blood stem cells, respiratory 
pattern, and neurocognitive functioning [10, 11, 23, 48] are needed. Even the clas-
sifications of biomarkers proposed here have a great limitation due to the overlap of 
biomarkers among psychiatric disorders. Some biomarkers (e.g., structural brain 
morphology; lower 5-HT plasma; dopamine; serotonin; oxytocin; norepinephrine; 
genes; hyper–hyper secretion of cortisol; instability of the cortical arousal system; 
HRW, PWD, and RDW; neurocognition) do not differentiate subjects with different 
anxiety disorders or do not differentiate subjects with different psychiatric disorders 
(see Table 13.5).

As stated by Kapur et al. [91], psychiatry seems to be in a Catch-22 because the 
diagnostic system was not designed to facilitate biological differentiation. 

Table 13.4 Putative biomarkers for social anxiety disorder

Susceptibility/risk 
marker

Diagnostic 
marker

Prognostic 
marker

Predictive 
marker

Structural and activity 
changes in the braina

● ● ●b

Molecular serum panel ●
Cerebral blood flow ● ● ●
Anterior cingulate cortex 
activity

●

Dopamine ● ●
Serotonin ● ●
Oxytocin ●
Hearth rate variability ● ● ●
HPA axis dysregulation/
cortisol secretion

● ● ●

Neurocognition ● ●
Note: HPA, hypothalamic–pituitary–adrenal
aamygdala, hippocampus, and insula
bamygdala, hippocampus
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Furthermore, contemporary diagnostic definitions of mental illness based on symp-
toms include heterogeneous populations yielding spurious results when exploring 
biological features of psychiatry disorders [92].

The classifications of biomarkers described here have limitations also because of 
the interfering effects of variables such as stress, comorbidity, physical activity, and 
psychotropic medications [90], which are not taken into account into the classifica-
tions. For instance, psychiatry comorbidity and exposure to stressful life events dur-
ing childhood are known to contribute to HPA axis activation as well as to induce 
poor neurocognitive functioning [40, 46, 47, 93, 94]. Moderate and intense physical 
activity was found correlated with higher heart rate variability [95, 96]. Psychotropic 
medications, particularly after a long-term use, might modify the course, the clini-
cal features, and the responsiveness to treatment of a psychiatric disorder; these 
liabilities go under the rubric of iatrogenic comorbidity [97, 98] and can be explained 
via the phenomenon of toxicity behavior [99].

 Beyond Biological Markers in Anxiety Disorders

Within the clinimetric perspective [99], it has been proposed that clinical utility and 
validity of biological markers might be enhanced linking them with different stages 
of anxiety disorders [23]. Here, the clinimetric approach and the use of staging as 
clinical marker of anxiety disorders are described.

 The Science of Clinimetrics

In 1982, Feinstein [99] introduced the term clinimetrics to indicate a domain regard-
ing clinical indexes, rating scales, and other expressions which concern the assess-
ment of symptoms, signs, and clinical phenomena which do not find room in the 
classical taxonomy [99]. Clinimetrics assumes a set of rules to define the structure 
of indexes, the choice of component variables, as well as the evaluation of consis-
tency, validity, and responsiveness [100]. Within the clinimetric science, indexes are 
classified as ailment-oriented; they are referred to specific diseases, states and clini-
cal manifestations, and general indexes; and they are referred to general health and 
functional states that are not disease or condition specific [100]. Fava et al. [100] 
proposed that the reliance to clinimetrics in the clinical practice, rather than to the 
psychometric approach used in the current nosography [9, 101], may help expand-
ing the content of customary clinical information and improve outcomes in clinical 
research and practice.

Although the current diagnostic systems showed good reliability, their clinical 
utility is elusive [102, 103]: an epidemiological research involving 1764 clinicians 
suing ICD or DSM reported that 1123 subjects (64%) think these diagnostic sys-
tems have low utility to choose the treatment and define the prognosis [101]. The 
DSM [9] and the ICD [101] are influenced by the psychometric models [104, 105] 
according to which the severity of the disease results from the sum of the symptoms 
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rather than from their intensity or quality [106]. This implies that all symptoms have 
an equivalent load in determining the diagnosis. Clinimetrics proposed that symp-
toms are differentiated into major and minor and have different weights in the 
indexes [99]. The DSM [9] and the ICD [101] do not take into account clinical 
issues which are instead relevant for the clinimetric science. These issues are, for 
instance, pattern of symptoms, severity of disease, comorbidity, timing of phenom-
ena, staging, and responses to previous treatments and might outline prognostic and 
therapeutic differences among patients who otherwise seem deceptively similar 
because they share the same diagnosis [107, 108].

The exclusive reliance on diagnostic criteria implies that symptoms not reaching 
the diagnostic threshold might be not relevant from a clinical point of view [105] 
although they affect the quality of life of the patient and have pathophysiological 
and therapeutic repercussions [107].

Since the taxonomy in psychiatry derives from the traditional method of clinical 
medicine, which offers operating specifications for making a clinical decision 
regarding the subsistence of a disease, the diagnostic reasoning process ends with 
the identification of a disorder [109, 110]. However, the clinimetric science suggests 
to include also the clinical judgment which proceeds across a series of “transfer sta-
tions” where hypothetical link between symptoms and pathophysiological pro-
cesses are drawn and are amenable to longitudinal validation or adjustment as long 
as therapeutic goals are reached [104].

 Staging of Psychiatric Disorders

Psychiatry disorders are not static, sharply defined disorders with separate aetiolo-
gies and courses, but are syndromes that overlap and develop across stages [103]. 
Moving from a cross-sectional nosography to the longitudinal view of the develop-
ment of mental diseases, Fava and Kellner [111] for the first time introduced the 
clinimetric concept of staging as a clinical tool to enhance the diagnostic and treat-
ment procedure in psychiatry.

Staging was later refined [103], and it nowadays allows to define the degree of 
progression of a diseases at a particular point in time and where the patient is located 
on the continuum of the course of the disease. Staging distinguishes prodromes (i.e., 
early symptoms and signs that differ from the acute clinical phase) and residual 
symptoms (i.e., persistent symptoms and signs despite apparent remission or recov-
ery) [111]. Prodromal and residual symptoms may associate since as the illness 
remits, it progressively recapitulates, although in reverse order, this is the so-called 
rollback phenomenon [112]. Some prodromes may be overshadowed by the acute 
phase of the disorder but persist as residual symptoms and progress to become pro-
dromes of following episode of illness. Staging identifies four steps for develop-
ment of a psychiatry disorder: the prodromal phase, which refers to the time interval 
between the onset of prodromal symptoms and the onset of the characteristic mani-
festations of the fully developed illness (stage 1); the acute phase (stage 2); attenu-
ated symptoms (e.g., residual symptoms) (stage 3) that might be due to partial 
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persistence of the disease or a worsening of a pre-existing abnormal personality 
trait; and the chronic phase (stage 4) [103].

 Staging as Clinical Marker of Anxiety Disorders

Prevalence data estimate that about 60% of subjects with an anxiety disorder has 
one or more additional anxiety disorders [113]. The staging model [103] may clar-
ify this high comorbidity referring to a longitudinal development of anxiety.

The following stages of development of anxiety were proposed. Stage 1 includes 
subclinical symptoms of agoraphobia (e.g., distress and avoidance of closed spaces), 
social phobia, generalized anxiety (e.g., excessive worries), and/or hypochondriasis 
(e.g., illness phobia, health anxiety, or fear of disease). These symptoms might be 
stable. The patient may stay on stage 1 or the disease may become more severe, and 
in the latter case, the patient proceeds to stage 2. This means that, according to the 
current nosography, the patient at stage 1 is under the diagnostic threshold of agora-
phobia, social phobia, generalized anxiety, and hypochondriasis, while at stage 2 he 
satisfies the diagnostic criteria for agoraphobia, social anxiety, generalized anxiety 
disorder, and/or hypochondriasis. Afterward, panic attacks occur leading to a likely 
worsening of prodromal symptomatology and co-occurrence of demoralization and 
major depression. This is stage 3 which means, according to the current nosography, 
that the patient satisfies the diagnostic criteria for panic disorder which can be 
comorbid with major depressive disorder (MDD) or a subthreshold MDD. During 
stage 3, prodromal symptoms may be overshadowed and persist as residual (i.e., 
generalized anxiety, somatic anxiety, health anxiety, low self-esteem, agoraphobia, 
hypochondriasis, lower psychological and physical well-being, limited symptoms 
of panic attacks, anticipatory anxiety, and depression), they can also progress to 
become the prodromes of a coming relapse [103]. Afterward, the clinical manifesta-
tions observed at stage 3 may become chronic. This is stage 4 which, according to 
the current nosography, means that the patient has panic disorder with comorbid 
agoraphobia and/or social anxiety and/or generalized anxiety disorder and/or hypo-
chondriasis and/or MDD. In brief, the staging model described here includes several 
anxiety disorder diagnoses, if we use the current nosography; alternatively we may 
think that the staging model described here refers to a unique syndrome which 
develops longitudinally and acquires different clinical features.

Under this light, the staging model might be a clinical marker for anxiety disor-
ders: (a) it is a susceptibility/risk marker since clinicians can assess prodromal symp-
toms; (b) it is a diagnostic marker since it identifies the extent of progression of the 
anxiety syndrome across different stages; (c) it is a prognostic marker since the per-
sistence of residual symptoms decreased the level of well-being [114] and predicts 
the onset of relapse, suggesting that residual symptoms might be a treatment goal 
[115]; (d) it is a predictive marker since clinicians should promote the regression to 
lower stages [103], and, for instance, in MDD, stage-specific treatments have been 
proposed and showed to be effective [116]; and (e) it is a specific marker for the anxi-
ety syndrome, and its use is simple with a low economic burden for clinicians [23].
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 Conclusion

We here propose a stage-specific biomarker model for anxiety disorders (Fig. 13.1) 
since staging seems to present good sensitivity, specificity, and predictivity [4], 
while biomarkers seem to have low specificity and predictive value [10, 11, 23, 90]. 
The stage-specific biomarker model for anxiety disorders could contribute in 
increasing specificity and predictivity of biomarkers.

Structural changes in the brain regions; variation in N-acetylaspartate/creatine, 
dopamine, serotonin, and oxytocin levels; HRV; HPA axis activity; error-related 
negativity; and genetic variants were found more prevalent in patients with general-
ized anxiety, social anxiety, and agoraphobia than in healthy controls [10, 11, 18, 19, 
48, 55]. Thus, these biomarkers might be associated with stage 1 and stage 2 as well 
as with stage 4. Structural or activity changes in brain regions, variation in the flow 
of cerebral blood levels in the left occipital cortex, genetic variants, aberrant respira-
tory regulation, variation in the HRV, and peripheral blood stem cell distribution 
were found in patients with panic disorder and not in healthy controls [10, 11, 18, 19, 
25, 60]. Thus, these biomarkers might be associated with stage 3 and stage 4.

However, once again, biomarkers are not stage-specific, suggesting that if bio-
markers are used without the clinical marker, they have poor clinical utility.
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14Comorbid Anxiety and Depression: 
Clinical and Conceptual Consideration 
and Transdiagnostic Treatment

Kwan Woo Choi, Yong-Ku Kim, and Hong Jin Jeon

 Introduction

Although anxiety and depression have been considered as two distinct entities 
according to the diagnostic criteria, anxious depression (comorbid anxiety and 
depression) is relatively a common syndrome. It has been considered that 45–67% 
of patients with major depressive disorder (MDD) meet criteria for at least one 
comorbid anxiety disorder [1, 2]. Similarly, 30–63% of anxiety disorder patients 
meet criteria for concurrent MDD [3–5]. Recently there have been two kinds of 
attempts to define anxious depression, categorical and dimensional criteria. 
According to categorical criteria of anxious depression, one should meet the criteria 
of MDD depending on the DSM or ICD criteria and the presence of at least one 
comorbid anxiety disorder simultaneously [6]. Alternatively, the dimensional diag-
nosis of anxious depression depends on a diagnosis of MDD plus anxiety symptoms 
(either above threshold or subthreshold range, based on cutoff scores from psycho-
logical scales) [6, 7]. Even though there is no definition for anxious depression in 
the DSM-5 criteria, it uses “with anxious distress specifier” to define anxious 
depression in its MDD section. If one meets criteria of MDD plus at least two of five 
anxiety symptoms, such as “feeling keyed up or tense,” “being unusually restless,” 
“having trouble concentrating because of worry,” “having fear that something awful 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-32-9705-0_14&domain=pdf
mailto:jeonhj@skku.edu


220

may happen,” and “feeling of that one might lose control of oneself,” we can define 
him/her as having MDD with anxious distress [8]. As anxious depression is known 
to have clinically distinctive feature such as poor treatment response and lower 
remission rates, it is imperative to understand the current diagnostic concept, etiol-
ogy, clinical course, prognosis, and current treatment strategy regarding anxious 
depression [9–11].

 Diagnostic Consideration

 Categorical Perspective

Previously, individuals with anxious depression, or comorbid anxiety and depres-
sion, were defined as having two disorders concomitantly, according to diagnostic 
criteria (ICD-10 or DSM diagnosis) as shown in Table 14.1 [12]. In the previous 
study by Young et al. [13], they approached clinical comorbid participants in the 
categorical way. The researcher compared the HPA axis function among four groups 
categorically, such as patients with MDD alone, those with anxiety disorder alone 
(social anxiety disorder, panic disorder, or posttraumatic stress disorder), those with 
comorbid anxiety and depressive disorder, and heathy controls.

Although diagnosis of anxious depression is a complicated issue, we could use 
hypotheses of five different psychobiological assumptions, such as “additive,” 
“average,” “single-disorder dominant,” “distinctive,” and “shared” [14].

 A. Additive: Individuals with anxious depression show psychobiological features 
that are related with both of MDD and anxiety disorders in an additive manner.

 B. Average: Individuals with anxious depression exhibit psychobiological patterns 
which are “in between” those for MDD and anxiety disorders.

 C. Single-disorder dominant: Individuals with anxious depression show the char-
acteristics which are observed by patients who are diagnosed with only one of 
the pure MDD or anxiety disorders alone.

 D. Distinctive: Individuals with anxious depression show distinct psychobiological 
characteristics which are different from either of two disorders.

 E. Shared: Individuals with both MDD and anxiety disorders exhibit common psy-
chobiological characteristics.

 Dimensional Perspective

Dimensional diagnosis of anxious depression is based on a MDD diagnosis plus sub-
threshold anxiety symptoms which might be based on cutoff scores from standardized 
scales as shown in Table 14.1 [6, 7]. In the previous study, subjects with anxious 
depression were defined as having MDD diagnosis plus concomitant high levels of 
anxiety which was defined as a baseline anxiety/somatization factor score ≥ 7 from 
the 17-item or 21-item HAM-D [12]. Recently, Seo et al. defined anxious depression, 
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using DSM-IV diagnosis of MDD, as a dysthymic disorder or depressive disorder not 
otherwise specified (NOS) plus a score of HAM-A of ≥20 [15].

The Research Domain Criteria (RDoC) initiative of the National Institute of 
Mental Health changed the current concept of psychiatric diseases [16]. The RDoC 
proposed dimensional and transdiagnostic approach that aims at investigating 
underlying neurobiological dysfunction, such as brain circuit dysfunction, for men-
tal diseases. Recently, researchers in this field have taken dimensional approach to 
psychopathology in which subjects’ functioning could be measured by continuous 
measures that operationalize core psychobiological constructs [16]. In this context, 
“unique,” “shared,” and “interactive” features of anxious depression might be 
needed to further understand the psychopathology for this comorbid disorder [14].

 A. Unique: Unique features imply that manifestations of MDD and anxiety disor-
ders are related to each of different psychobiological factors.

 B. Shared: Shared features reflect that symptoms of MDD and anxiety disorders 
are correlated to similar biological factors.

 C. Interactive: Interactive features mean that symptoms of MDD and anxiety  
disorders might interact or moderate each other, regarding psychobiological 
functioning.

 Hypothetical Psychological Models

There are three hypothetical psychological models which explain the mechanism of 
anxious depression, such as the tripartite model, the approach-withdrawal model, 
and the valence-arousal model [17].

 A. Tripartite model: It utilizes three dimensions as a framework for classifying 
manifestations of anxiety and depression, such as negative affectivity, positive 
affectivity, and physiological hyperarousal [18]. Depression might be related to 
the absence of positive affectivity (e.g., anhedonia), while increased psychologi-
cal hyperarousal might be associated with anxiety. High level of negative affec-
tivity could be seen in comorbid anxiety and depression state. However, this 
model does not identify specific neurobiological correlates that might be useful 
for understanding anxious depression.

 B. Approach-withdrawal model: This model attempts to associate the clinical defi-
cit of emotion and motivation observed in anxiety and depression. This model 
assumes two distinct systems for emotion and motivation [19]. The approach 

Table 14.1 Dimensional and categorical definitions of anxious depression

Definition Categorically defined Dimensionally defined
Criteria DSM (ICD) diagnosis of MDD, 

plus ICD or DSM diagnosis of an 
anxiety disorder

DSM (ICD) diagnosis of MDD, plus high 
levels of anxiety symptoms defined by a 
cutoff score on a standardized scale
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system moderates behavioral motivation toward reward and implies left frontal 
regions, and it is hypothesized that this left frontal function is hypoactive in 
MDD. The withdrawal system moderates behavioral inhibition and is thought to 
be associated with right frontal lobe. In anxiety disorder, hyperactivity in right 
frontal lobe is hypothesized to be associated.

 C. Valence-arousal model: This model expands on the approach-withdrawal model 
by implying hemispheric difference for arousal in anxiety and depression. 
Depression is associated with decreased activity in the right parietotemporal 
brain region for arousal, and anxiety correlates with increased activity in this 
region [20]. This model might explain the neurobiological mechanism of anx-
ious depression.

 Neurobiological Findings

Subjects with anxious depression are known to have different neurobiological pro-
files compared to those with non-anxious depression. Even with lack of research on 
this issue, several studies have revealed significant differences between anxious 
depression and non-anxious depression regarding the HPA axis function, structural 
and functional brain imaging findings and, inflammation markers.

 Hypothalamic-Pituitary-Adrenal (HPA) Axis

Several studies showed stronger dysfunctions of the HPA axis in patients with anx-
ious depression compared to non-anxious depression [21–24]. Meller et al. found 
that 14 subjects with anxious depression exhibited an attenuated adrenocortico-
tropic hormone (ACTH) response to exogenous corticotropin-releasing hormone 
(CRH) compared to 11 non-anxious depression and 27 healthy controls [21]. 
However, they allowed for heterogenous depression population including bipolar II 
disorder subjects, and they did not require to be medication free. Rao et al. showed 
more impaired suppression (50%) of cortisol following the dexamethasone suppres-
sion test (DST) in female subjects with anxious depression compared to female 
subjects with anxiety disorders (37%) and female subjects with MDD (18%) [24]. 
Also, Cameron et al. found that 18 subjects with anxious depression were the only 
group found to have increased ACTH and cortisol levels after Trier social stress test 
(TSST), compared to 15 subjects with anxiety disorder, 15 subjects with MDD, and 
48 healthy controls [22]. Even though the researchers defined anxious depression as 
having diagnosis of MDD plus an anxiety disorder, there were limitations in that the 
definition included not only concurrent comorbidity of anxiety disorder but also 
diagnosis of anxiety disorder in the past year [22]. These results imply the HPA axis 
dysfunction in subjects with anxious depression. Recent review also implicated that 
chronic stress and HPA hyperactivity might initiate a cascade change involving the 
serotonergic system, which may be related to the pathophysiology of anxiety and 
depression [23]. However, more elaborate studies will be needed to overcome these 
previous limitations.
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 Structural Brain Imaging

Several studies used structural brain magnetic resonance imaging (MRI) to examine 
the difference between anxious depression and non-anxious depression. One struc-
tural MRI compared subjects with MDD, anxiety disorders, categorically defined 
anxious depression (MDD plus one of anxiety disorders including panic disorder, 
social anxiety disorder (SAD), and generalized anxiety disorder (GAD)), and 
healthy controls [25]. The researcher found that all patient groups had decreased 
gray matter (GM) volume of the rostral anterior cingulate cortex (ACC) (extending 
into the dorsal ACC) than healthy controls. This result was independent of severity 
of illness and suggested a shared neurobiological mechanism of dysfunctions in 
emotional processing and regulation between anxiety and depressive disorders. 
However, the researcher did not find any significant differences between subjects 
with anxious depression and those with non-anxious depression (25). In another 
structural brain imaging study, 96 MDD subjects were compared to 49 subjects with 
dimensionally defined anxious depression and 183 healthy controls [26]. The 
researcher defined anxious depression as having MDD with at least one of the fol-
lowing symptoms occurring concurrently: (1) general rating of anxiety, (2) general 
rating of phobia, (3) free-floating anxiety, and (4) anxious foreboding with auto-
nomic symptoms. The researchers found increased GM volumes in the superior 
temporal gyrus, extending to the posterior middle temporal gyrus and inferior tem-
poral gyrus in the right hemisphere in patients with anxious depression compared to 
those with non-anxious depression. However, no differences were found in these 
regions compared to healthy controls. These results implicate a plausible diagnosis- 
dependent change in GM thickness in the global pattern of sulcal or gyral structures 
[26]. Future research will be needed to find whether these changes can be explained 
by the valence-arousal or the approach-withdrawal mechanisms, which imply a 
hyperactive right hemisphere in subjects with anxious depression.

 Functional Brain Imaging

There have been several functional brain MRI studies to investigate the difference 
between subjects with anxious depression and those with non-anxious depression. 
Using categorical criteria of MDD plus comorbid GAD to define anxious depres-
sion, Etkin et  al. compared four groups of subjects with currently experiencing 
MDD, anxiety disorder, anxious depression, and healthy subjects during an emo-
tional conflict identification task [27]. In the emotional conflict identification task, 
participants had to identify whether happy or fearful faces were labeled correctly 
while examined under fMRI. During incongruent stimuli, all patient groups showed 
deficits in both activation and connectivity of the ventral ACC and amygdala, which 
were known to be involved in the regulation of emotional conflict. These results 
suggest a shared pathophysiology between anxiety and depression. However, unlike 
the anxious depression group, the non-anxious depression group showed compen-
sating findings for these deficits by also activating regions bilateral anterior lateral 
prefrontal cortices, improving their ability to regulate their emotional conflict. 
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Another fMRI study examined the differences between subjects with MDD, SAD, 
anxious depression (MDD plus SAD), and healthy controls [28]. Subjects com-
pleted a social evaluative threat task. In this study, subjects with anxious depression 
showed similar pattern to the other two patients group, except for an intermediate 
level of activation of the middle cingulate cortex and precentral gyrus (less than the 
MDD group and more than the SAD group) and posterior cingulate (more than the 
MDD group and less than the SAD group). Additionally, patients with anxious 
depression and healthy controls revealed similar activation patterns in several 
regions: greater activation of the insula and middle temporal gyrus and less activa-
tion of the cerebellum and cuneus [28]. There were also several fMRI studies to 
investigate the difference between anxious depression and non-anxious depression, 
following the cognitive stimulating tasks. Andreescu et al. examined subjects which 
were older than 65  years old. The researchers found that subjects with anxious 
depression showed a greater and more prolonged activation of the dorsal ACC, pre-
frontal cortex supplementary motor area, and the posterior cingulate during an exec-
utive control task [29]. In their other study, Andreescu et al. found that subjects with 
anxious depression had a dissociative pattern in default mode network, specifically 
an increased connectivity in the posterior regions (occipital and parietal association 
areas) and a decreased connectivity in the anterior regions (rostral ACC, medial 
frontal and orbitofrontal cortex) [30]. According to one recently published study, 
the researcher compared functional connectivity between subjects with MDD only, 
with SAD only, and with MDD plus SAD [31]. Hamilton et al. attempted to exam-
ine anomalies in neural response to positive and negative self- and other-related 
stimuli in these subjects. In subjects with MDD, the researchers found a cortically 
diffuse reduction in the height of neural response to self-related positive stimuli, 
which implies cortical hyporesponse to positive stimuli in MDD. In subjects with 
SAD, increased insula response (a part of salience network) was found, and 
decreased default mode network (DMN) response to negative self-related cues was 
shown. These findings suggest neural underlying mechanisms of vigilance- 
avoidance in SAD or anxiety disorders. Especially, MDD plus SAD subjects 
uniquely exhibited decreased response in the dorsal ACC to positive self-related 
cues [31]. Meta-analyses of anxiety and of depression have shown that abnormal 
dorsal ACC response to affective stimuli is a consistent aspect of these disorders 
[32, 33]. Given the reduced dorsal ACC response to positive self-related stimuli in 
the MDD plus SAD group, this region might have acted as a hub area for the neural 
effects of negative self-image that are associated with MDD and anxiety regarding 
social interactions [31]. However, further studies will be needed to reveal more 
consistent and sophisticated structural and functional neuroimaging biomarkers to 
differentiate the anxious depression subtype from non-anxious depression group.

 Neuropsychiatric and Sensory Testing

Several studies found significant association between neuropsychiatric and sensory 
testing and anxious depression. Fixed-response design fluency tasks required par-
ticipants to draw as many as novel designs as possible during 5 min. These tasks 
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were intended to test the neuronal circuit underlying withdrawal in the right hemi-
sphere [34]. Nelson et al. revealed that 30 anxious depression subjects (categori-
cally defined anxious depression; MDD plus lifetime anxiety disorder including 
SAD, panic disorder, specific phobia, posttraumatic stress disorder (PTSD), or 
obsessive compulsive disorder (OCD)) showed significantly lower performance lev-
els on fixed response design fluency tasks than 34 MDD patients and 33 healthy 
controls [34]. These findings implicate hemispheric-specific deficit of the right 
frontal lobe in subjects with anxious depression accords with the approach- 
withdrawal hypothesis, which anxiety is associated with right frontal lobe dysfunc-
tion. The researchers in this study replicated their results using several different 
design fluency tasks in subjects with MDD plus current panic disorders. Subjects 
with anxious depression showed better performance on the verbal tasks relative to 
the design fluency, which might confirm hemispheric asymmetries [34].

 Electroencephalography

Electroencephalography (EEG) examines hemispheric asymmetries directly. Bruder 
et al. compared patients with anxious depression, patients with MDD, and healthy 
controls on resting EEG. In this study, patients with anxious depression showed less 
alpha activity (greater activation) over the right anterior hemisphere than the left 
hemisphere [35]. More recently conducted study investigated task-related EEG dif-
ferences among depressed patients with high anxiety, low anxiety, and healthy con-
trols during word finding (verbal) and dot localization (spatial) neurocognitive tasks 
[36]. Although the researcher did not find any group differences between these three 
groups, the high-anxiety group showed more pronounced activation pattern in the 
right central and parietal regions during spatial task compared to the left. Otherwise, 
the low-anxiety group showed more pronounced left frontal and central activation 
during verbal task [36]. These electrophysiologic data are consistent with the 
approach-withdrawal theory and the valence-arousal mechanism, which are thought 
to be underlying hypothetical mechanisms in anxious depression [17].

 Inflammation

Recently, inflammation has acquired interest as an important neurobiological mech-
anism in anxious depression. Several meta-analyses revealed that inflammatory 
markers, such as interleukin (IL) -1, IL-6, C-reactive protein (CRP), tumor necrosis 
factor alpha (TNF-ɑ), etc., were more often present in subjects with MDD com-
pared to healthy controls [37–39]. A number of studies also suggested neuroinflam-
mation as a pathophysiologic marker of anxiety disorders [40–43]. To our 
knowledge, few studies have investigated the association between inflammation and 
anxious depression. Shim et  al. found higher monocyte counts in subjects with 
MDD and moderate-severe to severe anxious distress compared to in those with 
mild to moderate group [44]. Baek et al. revealed reduced venous blood basophil 
counts and elevated fragmented neutrophils in subjects with MDD and high level of 
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anxiety [45]. These findings implicated alterations in white blood cell subset counts 
and suggest alterations in the immune system indirectly, especially in anxious 
depression. Other than these two studies, Gaspersz et al. investigated not only basal 
inflammation markers but also markers of innate cytokine production capacity such 
as inflammatory markers stimulated by lipopolysaccharide (LPS) [46]. Such mark-
ers may give us more insight into the functioning of the immune system [47]. The 
researchers compared these inflammatory markers between 585 MDD subjects with 
anxious distress and 494 MDD subjects without anxious distress. According to this 
study, anxious distress was associated with higher LPS-stimulated inflammation 
levels (including interferon-gamma, IL-6, monocyte chemotactic protein-1, macro-
phage inflammatory protein-1 alpha, matrix metalloproteinase-2, TNF-alpha, etc.) 
[46]. These results support that anxious depression has distinct neurobiological 
inflammatory processes form MDD alone. However, since these previous studies 
had all cross-sectional design, large-scale multicenter well-designed longitudinal 
research will be needed to find more definite findings regarding neuroinflammation 
in anxious depression.

 Clinical Characteristics

Comorbid anxiety and depressive disorder, also known as anxious depression, have 
demographical and clinical characteristics which are distinct from non-anxious 
depression. Demographically, according to the Sequenced Treatment Alternatives 
to Relieve Depression (STAR∗D) project, patients with anxious depression were 
significantly more likely to be in primary care setting and more likely to be associ-
ated with female gender, non-single, unemployed, less educated, and severe depres-
sion [48]. Fava et al. also found that anxious depression patients were more likely to 
meet diagnostic threshold for GAD and somatoform disorder [48]. Hovens et al. and 
de Graaf et al. also found that patients with anxious depression were less educated 
and less often employed and more often had a positive parental psychiatric history 
and child trauma [49, 50]. Comorbidity of depressive and anxiety disorders has 
consistently shown to have earlier age of onset compared to non-anxious MDD both 
in cross-sectional surveys and prospective studies [3, 51, 52]. Previous epidemio-
logic studies also showed that MDD with comorbid anxiety disorders tended to be 
more severe and persistent compared to non-anxious depression [3, 53–55]. Previous 
reports also showed that patients with anxious depression had more frequent epi-
sodes of major depression and a higher risk of suicidal ideation and previous suicide 
attempts than those with non-anxious depression [1, 48]. According to the WHO 
world mental health surveys, which were the nationally or representative epidemio-
logical interview from 24 countries, Kessler et al. found that higher proportions of 
respondents with 12-month anxious depression reported severe role impairment and 
suicidal ideation [56]. Similarly, several studies found significantly increased risk of 
suicidal ideation in patients with anxious depression [15, 57, 58]. Patients with anx-
ious depression are more likely to seek mental health-care services compared to 
non-anxious depression or anxiety disorder patients [55, 56]. However, patients 
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with anxious depression showed significantly lower response to treatment com-
pared to those with non-anxious depression [59, 60]. For these reasons, different 
therapeutic approaches are needed to treat patients with anxious depression more 
efficiently.

 Treatment

Anxious depression is known to be associated with greater symptom severity and 
poor treatment outcomes in several studies [1, 61, 62]. One naturalistic study 
showed that subjects with anxious depression revealed worse responses to a wide 
range of antidepressants such as selective serotonin reuptake inhibitors (SSRI) and 
serotonin norepinephrine reuptake inhibitors (SNRI), longer treatment response 
time, and smaller decrease in symptoms [63]. Another naturalistic study found that 
subjects with anxious depression took double the time to recovery from depressive 
episode than those with non-anxious depression [64].

 SSRI

Several studies revealed that SSRIs were effective to treat anxious depression. One 
previous study compared the efficacy and tolerability of three different SSRIs 
including fluoxetine, sertraline, and paroxetine for the treatment of anxious depres-
sion [65]. Response rates and remission rates were more than 50% for all three 
treatment groups. Another study pooled results of five studies investigating the effi-
cacy of sertraline or fluoxetine in anxious depression patients [66]. The researchers 
found that both antidepressants improved several depressive symptoms similarly; 
70% of patients achieved response, and 47% achieved remission. A previous study 
reanalyzed the data from five different studies investigating the efficacy of escitalo-
pram, citalopram, and sertraline in 1690 MDD patients, of which 756 with anxious 
depression [67]. In this study, SSRI treatment was superior to placebo for treating 
those with severe depression on the basis of the response rates, but not the remission 
rates, whereas patients with non-anxious depression showed significant improve-
ment on both of the response rates and remission rates. When patients with severe 
depression were analyzed separately, anxiety status was considered to serve as a 
treatment moderator, so the SSRI treatment could be more effective than placebo 
only for severe non-anxious depression [67].

 SNRI

Duloxetine has been examined by many researchers as a potent treatment medica-
tion for anxious depression. An 8-week duloxetine study found that anxious depres-
sion patients showed greater improvements at all points (HAM-D scores), and the 
improvements increased proportionally over time compared to non-anxious 
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depression patients [68]. Another open-label duloxetine trial also found that sub-
jects with anxious depression improved significantly especially in the later course 
of treatment measured by HAM-D compared to those with non-anxious depression. 
In their duloxetine study, subjects with anxious depression also showed significantly 
shorter median time to respond to the duloxetine therapy, although remission and 
response rates at the end point were similar [69]. According to another post hoc 
study from 11 duloxetine trials, response rates to duloxetine were higher than pla-
cebo in both anxious and non-depression groups. Anxious depression group showed 
significantly higher response rates than non-anxious depression group, whereas 
anxious depression group were less likely to experience remission than non-anxious 
group [70]. In one study comparing the efficacy of venlafaxine extended release 
(XR) to reboxetine, no significant differences were observed in response and remis-
sion rates from depression between treatment groups in patients with anxious 
depression [71].

 Benzodiazepine Augmentation

In clinical practice, benzodiazepines are usually used as augmenting medications 
[72]. In the previous double-blind study, clonazepam augmentation of fluoxetine 
treatment was found to be superior to fluoxetine monotherapy for treating depres-
sive symptoms in week 3 [73]. A review article also supported that benzodiazepine 
augmentation of SSRI might result in rapid control of baseline anxiety, as well as 
SSRI-induced anxiety, and might improve adherence to antidepressant treatment 
[72]. However, it should be noted that the benefits of treatment must be outweighed 
against the risk of side effects such as cognitive slowing in elderly patients, transient 
sedation, abuse potentials, and withdrawal symptoms.

 SSRI Versus Bupropion

Papakostas et al. conducted a meta-analysis of the previous 10 studies comparing 
the efficacy of bupropion, dopamine, and norepinephrine reuptake inhibitor (DNRI), 
with SSRIs (escitalopram, fluoxetine, sertraline, and paroxetine) for the treatment of 
anxious depression [74]. Response rates were greater with SSRI treatment than with 
bupropion on the basis of total scores from HAM-D and HAM-A. However, remis-
sion rates were not different [74].

 SSRI Versus SNRI

A post hoc study of pooled data from five different studies examined the difference 
of efficacy of venlafaxine to fluoxetine or placebo in 1454 outpatients with MDD 
[75]. Remission rates in the severe anxious depression group were significantly 
greater for venlafaxine compared to placebo from week 3 (17% vs. 6%, p = 0.003) 
to week 6 (34% vs. 15%, p < 0.001). There was no significant improvement in the 
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fluoxetine group, and remission rates for venlafaxine were higher than those in the 
fluoxetine group at week 3 and week 6 [75]. However, a previous post hoc subgroup 
analysis of 8-week study comparing venlafaxine XR to sertraline found that there 
were no significant differences in their treatment outcomes of anxious depression 
between two groups [76]. Another post hoc study investigated the efficacy of esci-
talopram in treating anxious depression from 13 trials [77]. In this study, researchers 
found that escitalopram was more effective than placebo and same as effective as 
the SNRI or the other SSRIs regarding treating anxious depression. There were no 
significant differences in response rates, adherence, tolerability, or side effect pro-
files between anxious depression group and non-anxious depression group. 
However, anxious depression group had lower remission rates than non-anxious 
depression group [77].

 Atypical Antipsychotics

Atypical antipsychotics, specifically quetiapine and aripiprazole, have been 
approved by the Food and Drug Administration as augmentation agents in conjunc-
tion with serotonergic antidepressants for the treatment of MDD.  Augmentation 
treatment with atypical antipsychotics showed approximately double the odds of 
achieving remission compared to augmentation with placebo in patients with 
treatment- resistant depression (TRD) [78–80]. Several studies examined data of 
atypical antipsychotics aripiprazole and quetiapine for the treatment of anxious 
depression, and atypical antipsychotics are usually used as augmentation agents to 
improve symptoms among TRD patients with anxious depression [81, 82]. Ionescu 
et al. recently showed that ziprasidone augmentation of escitalopram was equally 
effective in treating depression in patients with anxious depression and patents with 
non-anxious depression [83].

 Recent Medication Studies

Ketamine, an N-methyl-D-aspartate (NMDA) receptor antagonist and glutaminer-
gic modulator, has gained considerable attention in the past decade for the treatment 
of TRD [84]. Several controlled clinical trials supported the rapid and robust thera-
peutic effect of ketamine for the treatment of TRD. Two post hoc studies published 
and suggested that ketamine was efficacious in both anxious and non-anxious 
depression. One study showed relatively higher ketamine efficacy in the anxious 
depression group [85], whereas another study revealed that there was similar 
response to ketamine in both anxious and non-anxious depression groups [86]. 
Further investigation will be needed to clarify these controversial results.

Dysregulation of the endogenous opioid system is one of the candidate mecha-
nisms to contribute to the pathophysiology of MDD [87]. Recently, Richards et al. 
examined AZD2327, a selective delta-opioid receptor agonist, for the treatment of 
anxious depression [88]. In the double-blind, placebo-controlled pilot study in 
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humans (n = 22), patients were supposed to take 4 weeks of either AZD2327 3 mg 
bid or placebo. Although there were no significant differences between the two arms 
based on the score of HAM-D or HAM-A, one of the major metabolites of AZD 
2327 had significantly higher levels in patients who had an anxiolytic response 
compared to non-responders [88]. This study might provide preliminary evidence 
for the potential anxiolytic effects of opioid receptor-associated medications.

Brexpiprazole, an atypical antipsychotic, was recently approved in the USA, 
Saudi Arabia, Honduras, and Mexico as an adjunctive treatment to antidepressants 
for the treatment of MDD in adults, in October 2018. Recently published one post 
hoc analysis of three brexpiprazole studies revealed that 2–3 mg/day of brexpipra-
zole as an augmentation treatment to antidepressant was efficacious in patients with 
anxious depression [89].

 Conclusion

MDD is a heterogenous and complicated mental disorder. RDoC and recent transdi-
agnostic approaches have attempted to investigate distinct neurobiological mecha-
nisms of different types of MDD.  Anxious depression or comorbid anxiety and 
depressive disorder is currently diagnosed with MDD with anxious distress speci-
fier according to the DSM-5. We reviewed possible neurobiological correlates 
including structural and functional brain imaging and also examined demographical 
and clinical course in the patients with anxious depression. Although treatment 
response and treatment were worse in the patients with anxious depression than in 
those with non-anxious depression, recent research has sought to find better treat-
ment strategy to improve anxious depression.
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This chapter identifies medical illnesses with high co-occurrence with anxiety dis-
orders and offers an analysis of implications for treatment of both types of condi-
tions. We concentrate on medical conditions with high associations to anxiety and 
panic by aspects of symptomatology, specifically neurological disorders (fibromy-
algia, epilepsy, cerebral palsy), non-cardiac chest pain, diabetes, gastrointestinal 
illness (irritable bowel syndrome, gastroesophageal reflux disease), and cardiovas-
cular and respiratory illnesses (asthma).

 Comorbid Neurological, Pain, and Anxiety

Fibromyalgia Symptoms of anxiety depression are cardinal for individuals with 
fibromyalgia (FM). FM is a chronic neurological disorder characterized by pervasive 
musculoskeletal pain and tenderness, with secondary symptoms including fatigue, 
memory impairment, and gastrointestinal disorders, among others [1]. It occurs in up 
to 4% of the general population, with women being the majority of individuals diag-
nosed [2]. A large percentage of individuals with FM meet diagnostic criteria for at 
least one anxiety or depressive disorder, making the treatment of FM a complex task 
[2]. Specifically, 27–60% of patients with FM report a current anxiety disorder, with 
62% reporting lifetime diagnoses of any anxiety disorder [3]. Research indicates that 
anxiety in FM patients is associated with higher levels of perceived pain and more 
severe symptom [4, 5]. Because FM symptoms and associated psychiatric symptoms 
can substantially reduce daily functioning, the illness is of significant economic bur-
den. Among chronic pain conditions, FM is associated with the most unemployment, 
financial disability, and days off [2, 6]. Because there is no cure, physicians and 
patients focus on managing and coping with existing pain.
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The first line of treatment for FM patients with comorbid anxiety is antidepres-
sants or psychotherapy [7]. It is widely accepted that cognitive, behavioral, and 
affective factors play a pivotal role in the level of pain, psychological distress, and 
impairment associated with chronic pain conditions [5]. Cognitive factors such as 
catastrophizing, pain-related fear or anxiety, attentional bias toward threatening or 
general negative cues, and helplessness all contribute to how a patient experiences 
and copes with their chronic pain [5, 8, 9].

Cognitive behavioral therapies (CBT) are frontline psychological treatments for 
chronic pain, including fibromyalgia [10], with findings of controlled trials provid-
ing supporting treatment benefits for comorbid pain and anxiety [11, 12]. For 
instance, in a controlled trial by Garcia and colleagues [12], the authors examined 
the differential efficacy of CBT, a muscle relaxant (cyclobenzaprine), combined 
treatment, or a waitlist control condition. The CBT and combined group conditions 
resulted in significantly greater long-term improvements in anxiety compared to the 
drug-only or control condition [13]. Other variations of CBT, including CBT- 
Insomnia, CBT-Pain, and their hybrid (CBT-IP), showed mixed success for reduc-
ing anxiety [13, 14].

Interventions aimed at facilitating change in attentional biases also show promise 
for reducing pain, anxiety sensitivity, and pain-related fear and anxiety. In a small, 
double-blind, controlled trial, 17 women with FM received an attentional modifica-
tion group (AMP) or an active, placebo control group [8]. Participants in the AMP 
group completed two weekly 15-min sessions over 4 weeks targeting attentional 
biases toward catastrophizing and pain-related anxiety. AMP resulted in signifi-
cantly greater reductions for pain, anxiety sensitivity, and pain-related fear support-
ing attention modification as a viable psychological treatment option [8]. 
Mindfulness-based stress reduction and Acceptance and Commitment Therapy 
(ACT) provide good grounds for treating comorbid chronic pain, fibromyalgia, and 
anxiety [15, 16]. For example, comparing 12 weeks of ACT to a waitlist control, 
Wicksell and colleagues showed significant reductions in anxiety in FM patient 
[17]. Additionally, a variety of intervention strategies including guided imagery/
hypnosis, attachment-based compassion therapy, and meditation have shown suc-
cess in controlled trials for reducing pain and psychological distress [18–20]. Lastly, 
studies have highlighted the efficacy of biofeedback broadly within neurological 
disorders, some focusing directly on its effect within FM populations [21, 22]. For 
example, EEG biofeedback, compared to escitalopram, resulted in greater anxiety 
and depression reductions, with gains being maintained throughout follow-up [22]. 
The initial evidence for neurofeedback intervention for comorbid fibromyalgia syn-
drome and affective symptoms is promising and inspired further research [23].

Epilepsy Epilepsy is a rare but highly debilitating neurological disorder. Epilepsy 
is characterized by unprovoked seizures with a wide range of symptoms. 
Epidemiological research has found anxiety disorders to be more than twice as 
likely in patients with epilepsy compared to the general population, with some stud-
ies reporting anxiety disorders in up to 30% of epileptic patients [24, 25]. Comorbid 
anxiety and epilepsy reduce health-related quality of life [26, 27].
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Increasing seizure control with medical procedures, such as epilepsy surgery or 
medication, is the first line of treatment [25]. Once seizure control is improved, 
second-line treatments targeting anxiety can be employed. Antidepressants, such as 
buspirone and selective serotonin reuptake inhibitors (SSRIs), are commonly used 
to treat comorbid epilepsy and anxiety disorders [25], though special attention and 
monitoring are required to seize the elevated risk of inducing or exacerbating sei-
zures. A 2017 Cochrane review [28] found that psychological treatments including 
CBT or ACT were beneficial for individuals with epilepsy, though only one of the 
five studies included anxiety as outcome measures. Overall, those studies reported 
significant reductions in anxiety levels post-intervention [28]. Apart from reducing 
anxiety, CBT and ACT have shown promise in reducing depression and improving 
quality of life, for people with epilepsy, particularly when combined with antide-
pressants [29–32]. For instance, Macrodimitris and colleagues [33] tested a ten- 
session group CBT pilot trial for epilepsy and comorbid depression or anxiety and 
observed significant improvements in anxiety, depression, and negative automatic 
thoughts. The generic CBT protocol targeting anxiety and depression was well 
accepted and provided evidence reducing affective symptoms. Following up with a 
controlled trial, Gandy and colleagues [34], however, failed to demonstrate signifi-
cant improvements in anxiety when comparing CBT to a waitlist control for patients 
with epilepsy. An uncontrolled prospective ACT intervention involving 60 patients 
with epilepsy found the treatment had medium to large positive effects on several 
psychological outcomes, including anxiety, at 6-months follow-up [31]. Comparing 
mindfulness-based therapy (MT) and social support in drug-resistant patients with 
epilepsy also resulted in significantly greater reduction anxiety and depression 
symptoms and frequency of seizures in the MT group [35]. Lastly, preliminary 
results for biofeedback for epilepsy show promise, providing a low-cost and easy- 
to- implement therapy approach for seizure control [36–38].

Cerebral Palsy Cerebral palsy (CP) refers to a group of developmental disorders 
defined by impairment in motor function, muscle tone, balance, and coordination. 
CP is associated with varying degrees of functioning across domains (i.e., speech, 
cognitive functioning, eating). Research indicates that adults with CP are at a 40% 
increased risk of being diagnosed with an anxiety disorder, with the risk even higher 
for those without intellectual disability [39]. Mothers of children with CP also 
reported elevated levels of parenting stress [40], and up to 30% report experiencing 
affective symptoms at clinical levels [41]. Both are negatively associated with par-
enting satisfaction and child quality of life [42]. In a study involving 31 caregivers 
of children or adolescents with CP parents’ ratings of their characteristics and chil-
dren’s behavior problems, parenting depression, stress, and state anxiety were sig-
nificantly related to children’s quality of life [43]. As a result, interventions targeting 
parent-child relations and parenting strategies are becoming more common.

Roux and colleagues [44] investigated the effects of a nine-session group family 
intervention (Stepping Stones Triple P; SSTP) on child behavior problems, parent-
ing styles, parent-child conflicts, and parental satisfaction. Fifty-two families with a 
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child diagnosed with autism spectrum disorder, CP, Down syndrome, or intellectual 
disability were randomized into a waitlist group or immediate treatment conditions, 
designed to facilitate positive parenting strategies, children’s competence, positive 
relationships, and behavior management. The authors found significant improve-
ments in child behaviors, relationship quality, and parental satisfaction [44]. Another 
controlled study involving 67 parents of children with CP compared the differential 
effects of SSTP, SSTP+ACT (Acceptance and Commitment Therapy) and a waitlist 
control on improvements in quality of life, functional performance, parenting style, 
and behavioral and emotional problems [45, 46]. Compared to the waitlist, the 
SSTP + ACT group demonstrated improved quality of life and functional perfor-
mance as well as decreased behavioral problems and parental psychological symp-
toms, over-reactivity, and verbosity. SSTP alone was associated with decreased 
behavioral problems and emotional symptoms [45, 46].

However, there is relatively limited literature focused on psychotherapy, specifi-
cally targeting anxiety in people with CP. Three case studies, one involving system-
atic desensitization, one biofeedback relaxation training, and the other involving 
CBT, discuss that the suitability of these interventions for CP is far from providing 
adequate evidence for their efficacy [47–49]. Additionally, two controlled studies 
involving interventions for individuals with CP indicate that mindfulness yoga inter-
ventions and horse therapy could be beneficial for various physical, behavioral, and 
cognitive outcomes, though neither study discusses anxiety as an outcome [50, 51].

 Non-cardiac Chest Pain

Non-cardiac chest pain (NCCP) is experienced as a squeezing, pressure-like, or 
burning substernal sensation which radiates to the spine, neck, left arm, or jaw [52]. 
NCCP is difficult to distinguish from malign cardiac chest pain. Consequently, it is 
a highly prevalent symptom reported within emergency departments and primary 
care clinics, with an incidence rate of 20–25% [52, 53]. Medical literature cites 
multiple causes of NCCP, both biological (e.g., gastrointestinal reflux disease, 
microvascular ischemia) or psychological (e.g., abnormal pain perception, passive 
pain coping strategies) [54]. Though NCCP is a benign condition with an excellent 
prognosis [55–57], it is often chronic and is associated with high disability and cost 
[58]. Research has shown higher prevalence rates of psychiatric disorders within 
NCCP, with up to half of the patients eventually meeting diagnostic criteria of an 
anxiety disorder, including generalized anxiety disorder, panic disorder, and social 
phobia [59, 60]. Inaccurate interoceptive sensitivity, or hypervigilance of somatic 
sensations, is hypothesized to play an important role in the development of anxiety, 
particularly within these populations. White and colleagues [61] found that patients 
with NCCP and comorbid anxiety or depression symptoms were prone to hyper-
vigilance of their cardiorespiratory symptoms. This inaccurate and oversensitive 
perception, particularly with cardiac anxiety (the fear of sensations associated with 
the heart), has been linked to excessive healthcare-seeking behaviors [62]. NCCP is 
associated with exceedingly high healthcare costs (up to 315 million dollars 
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annually), likely due to the various invasive procedures, incorrect diagnoses, and 
failed treatments associated with assessing and treating chest pain [63, 64]. Thus, 
interventions targeting symptom differentiation and relieve are of high priority.

Treatment for NCCP varies depending on the etiology of the pain (i.e., biological 
or psychological). The majority of patients who seek medical attention for chest 
pain are eventually diagnosed with medically based disorders such as gastroesopha-
geal reflux disease or esophageal motility disorders and thus treated with medica-
tions, minor procedures, or surgery. However, those whose chest pain has no 
biological or medical explanation are thought to benefit from psychotherapy.

A 2015 Cochrane review [65] concluded that CBT-type interventions are benefi-
cial for individuals with NCCP. By restructuring anxiogenic thoughts, providing 
education about symptom origination, and exposing patients to feared bodily sensa-
tion, CBT aims to reduce distress produced when experiencing non-cardiac chest 
pain [66, 67]. Specifically, in the studies that included anxiety as an outcome vari-
able (four CBT interventions, two relaxation interventions, one cardiac rehabilita-
tion, and one coping skills training), psychological conditions indicated significant 
improvements over control conditions [65]. Spinhoven and colleagues [68] com-
pared the efficacy of 12 weeks of CBT, paroxetine (a selective serotonin reuptake 
inhibitor), or placebo in reducing pain, anxiety, and heart-related anxiety for 69 
individuals with NCCP. Analyses indicated that CBT was superior to paroxetine 
and placebo in reducing pain, while both CBT and paroxetine were superior in 
reducing heart-related anxiety compared to placebo [68]. Jonsbu and colleagues 
[66] did not observe significant improvements in the frequency of bodily symptoms 
in a brief three-session CBT-controlled trial for NCCP. However, there was a reduc-
tion in avoidance and catastrophic interpretation of those symptoms, which may be 
the more significant finding for psychologically based NCCP [66]. Finally a recent, 
large controlled study demonstrate short-term success (at 3 months) but failed to 
show long-term (1-year) improvements in psychological health, including anxiety, 
in a brief BT intervention for NCCP [69].

An alternative treatment approach for NCCP is relaxation training. For example, 
Lahmann and colleagues [70] assigned sufferers to either functional relaxation (FR) 
or an enhanced medical care control group. The intervention was 6 weeks in dura-
tion during which the FR treatment group received ten group sessions focused on 
creating awareness of various bodily sensations by physical movements and breath-
ing [65, 70]. FR group resulted in significantly greater anxiety and somatization 
symptom reductions compared to the control group [70]. Furthermore, a study rec-
ognizing the unique needs of NCCP, particularly within an emergency department, 
pilot tested a brief self-help psychoeducational intervention for NCCP patients with 
elevated anxiety [71]. The psychoeducational materials included (1) information 
regarding potential causes of NCCP, (2) coping techniques for stress and pain man-
agement, and (3) directions on how to implement coping techniques. The trial pro-
vided a strong preliminary signal for need, feasibility, and acceptability [71]. Other 
forms of psychosocial interventions for NCCP include hypnosis, coping skills train-
ing, and guided breathing [65, 72, 73].
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Lastly, pharmacological treatments designed to reduce symptoms of anxiety and 
depression, as well as the perception of pain, are tested, but results are mixed [68, 
73]. Comparing sertraline to placebo resulted in significant reductions in daily pain, 
but not depressive symptoms [74]. In a study by Keefe et al. [73], sertraline only did 
not result in reductions in anxiety. However, the combination of coping skill train-
ing (relaxation, imagery, distraction, activity-rest cycling, pleasant activity schedul-
ing, and cognitive restructuring) was successful.

 Comorbid Diabetes and Anxiety

Diabetes has become a rising health concern, with a prevalence of 8.3% in the popu-
lation [75]. Diabetes complications include cardiovascular disease, circulatory dif-
ficulties, kidney failure, and amputations [76]. Clinical anxiety has been diagnosed 
in up to 40% of diabetes patients and is linked to worse glycemic control [77–80]. 
Numbers may be even higher due to healthcare professionals overlooking anxiety 
symptoms and attributing distress to patients having maladjustment to their diabetes 
diagnosis [81]. Like in other chronic somatic disorders, comorbid anxiety disorders 
can exacerbate disease symptoms by interfering with treatment adherence, such as 
having a fear of injection and needles may interfere with glycemic control [82, 83].

Symptom overlap between diabetes and anxiety, especially panic, is common and 
is associated with greater distress, disease worsening, and a greater burden on the 
healthcare system [84]. For example, feelings of tingling and numbness in the extrem-
ities are a common symptom of both panic disorder [85] and diabetes [76]. 
Hypoglycemia or low blood sugar can lead to shakiness, sweating, and rapid heartbeat 
[81], symptoms that mimic the ones of a panic attack [86]. Phobic fears include fear 
of needles and injection [83, 87]. Patients with comorbid diabetes and blood- injection- 
injury phobia [85] are more likely to have macrovascular complications and insulin 
non-compliance [88]. Lastly, a specific diabetes-related fear, fear of hypoglycemia, 
can cause patients to maintain levels above the recommended dose [84, 89].

Interventions targeting the complex interaction of diabetes-related health and 
affective disorders are of great interest and need. One major goal of psychothera-
peutic treatment of diabetes is to improve glycemic control by helping patients man-
age their medications and be more adherent to better healthier lifestyles [90]. A 
meta-analysis on psychosocial interventions for comorbid mental health disorders 
and diabetes has found that a combination of lifestyle and psychosocial interven-
tions (problem-solving, cognitive-behavior therapy, and social support) are effica-
cious in reducing physical or mental health symptoms, but possibly not both [91]. 
Psychosocial interventions that included education and skills training had better 
outcomes on glycosylated hemoglobin (HbA1c) [91]. A recent meta-analysis on 
psychosocial interventions (ranging from CBT to illness management interven-
tions) concluded that psychosocial interventions specifically appear to reduce anxi-
ety symptoms short-term, but not long-term, and failed to improve self-efficacy of 
diabetes management [92].
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Results from CBT trials show promise in reducing HbA(1c), anxiety, and pre-
vention of hypoglycemic states compared to a treatment-as-usual control group 
[93]. Several other psychotherapeutic intervention modalities are recommended as 
diabetes treatment augmenters. For instance, techniques to enhance mindfulness 
and nonjudgmental approach (components of ACT) resulted in normalizing gly-
cated hemoglobin and improving coping strategies [94], but more controlled studies 
are needed [95, 96]. Combining CBT and motivational enhancement therapy has 
also shown promise in glycemic control management [97], so has motivational 
interviewing [98] and problem-solving therapy [99]. The latter, a pilot trial, led to 
reductions in psychological distress and normalization in glycemic markers.

 Comorbid Gastrointestinal and Esophageal Disorders 
and Anxiety

Gastrointestinal (GI) and esophageal symptoms like diarrhea, abdominal distress, 
and nausea are commonly reported by anxiety sufferers especially those diagnosed 
with generalized anxiety disorder and panic disorder [100–104]. Historically, medi-
cal and psychological models independently examined GI symptoms. Current 
research acknowledges more strongly a brain-gut connection or axis, where psycho-
social stressors and anxiety may negatively impact the gastrointestinal biome and 
exacerbate existing biological vulnerabilities [105–108]. Stress and the endocrine 
response of corticotropin-releasing factor (CRF) has been proposed to affect IBS 
through multiple pathways including CRF role in colon secretion, visceral hyper-
sensitivity, hypervigilance, and effects of CRF on low-grade activation of the 
immune system cells in the GI tract caused by inflammation [109, 110].

An example of this interaction is irritable bowel syndrome (IBS), a condition 
highly comorbid with anxiety disorders [107]. Primary symptoms of IBS include 
high levels of recurrent abdominal pain, present at least 1 day per week over at least 
3 months. IBS is associated with changes in bowel habits, including diarrhea, con-
stipation, or both [111, 112]. Epidemiological studies indicated that 10–25% of the 
population suffers from IBS, with twice as many women than men [113]. Likewise, 
more than half of those with IBS have been reported to have a comorbid psychiatric 
disorder, with the most common being depression (25%), panic disorder (21–46%), 
and generalized disorder (25%) [107, 114–117]. Lee et al. [118] found that IBS was 
4.7 times more common in GAD than in non-patients.

Targeted intervention is of high relevance and need due to the documented 
heightened comorbidity, high costs in the utilization of healthcare services, and 
negative impact on patients’ overall work productivity [119–121]. Four primary 
psychotherapeutic interventions for IBS have been studied: cognitive behavioral 
therapy (CBT), relaxation techniques, hypnosis, and psychodynamic therapy [122, 
123]. A recent meta-analysis by Laird et al. [124] of 41 controlled trials of psycho-
logical interventions for IBS showed that CBT, hypnosis, psychodynamic, and 
relaxation were beneficial in improving mental health symptoms, including anxiety 
and depression. Except for relaxation techniques, interventions also increased 
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improvements in daily functioning. CBT was the most studied modality (21 studies 
compared to less than 5 for their other modalities) showing the most evidence for its 
efficacy in improving daily functioning and reducing avoidance behavior likely due 
to teaching exposure-based techniques. In support, systematic exposures in an 
Internet-delivered CBT dismantling study were associated with greater GI symp-
toms and anxiety decrease than CBT without [125]. Results on long-term effects 
(12-month follow-up) are mixed with some showing enduring effects [123, 126], 
while others such as gut-directed hypnotherapy do not [127].

Treatment options tailored to targeting anxiety specific to IBS symptoms, coined 
gastrointestinal (GI)-specific anxiety [128–130], have also been studied. GI-specific 
anxiety is linked to increased hypervigilance, poor coping responses, and increased 
pain sensitivity [128] and can lead to symptom exacerbation [131]. Targeting hyper-
vigilance and hypersensitivity to visceral sensations through exposure-based inter-
ventions is, therefore, a promising approach [107, 124]. In a meta-analysis on 
CBT-controlled trials for IBS, Altayar et al. [132] found reductions in IBS symptom 
severity, IBS quality of life, and abdominal pain, as did a recent meta-analysis on 
the effects of antidepressants, relaxation therapy, multicomponent psychological 
therapy, hypnotherapy, and dynamic psychotherapy [133]. The psychological inter-
ventions of CBT, hypnotherapy, multicomponent psychological therapy, which 
included a mix of relaxation, thermal biofeedback, and cognitive therapy tech-
niques, were more efficacious in reducing symptoms than control therapy condi-
tions [133].

Challenges to treatment engagement in IBS sufferers can be due to lack of moti-
vation or denials that their symptoms are connected with their psychosocial func-
tioning [108, 134]. Therefore, clinicians and medical providers should establish 
good patient rapport and provide clear education on the interaction of mental health 
and IBS to increase treatment participation and adherence [135].

As an alternative to psychotherapy, psychotropic medications are investigated 
for functional gastrointestinal disorders (FGID). Tricyclic antidepressants and SRRI 
show promise in lowering pain and anxiety symptoms in patients with FGID [136, 
137]. Despite greater efficacy over placebo, caution should be used before adminis-
tering antidepressants as shown in a recent meta-analysis due to intolerability issues 
[138]. Corticotropin-releasing hormone antagonist also shows promise in reducing 
inflammation [139] and anxiety and depression [110], yet no large-scale trials are 
published yet.

Combined medication and drug treatments can also be considered. In a recent 
controlled trial for patients with nonerosive reflux disease, Li et al. [140] found the 
combination of GI medication (omeprazole and domperidone) and CBT was more 
efficacious in reducing self-report gastroesophageal reflux and quality of life than 
medication or CBT alone. Anxious or depressed symptoms were equally lower in 
CBT only or the combined treatment compared to medication only.

Lastly, research on treating psychological distress in gastroesophageal reflux dis-
ease (GERD), a condition where stomach content begins to leak back into the 
esophagus, causing discomfort or pain, has garnered interest. GERD, a diagnosis 
confirmed by endoscopic esophageal mucosal damage or erosion [141, 142], poses 
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a heavy burden on the healthcare system with seven million visits a year attributed 
to GERD and reflux esophagitis [143]. First-line medical treatments, including  
proton pump inhibitors, pharmacology, and behavioral changes like weight  
loss and diet [144], have high numbers of non-responders (40%) [145–148]. 
Psychogastroenterology highlights the integration of psychological interventions 
and GI interventions [149], as psychosocial stressors appear to worsen symptoms of 
GERD [148]. Emerging psychosocial interventions include relaxation [150], dia-
phragmatic breathing [151], and speech therapy [152]. These treatments show 
promise for reducing reflux, GI and GERD symptoms, and stress, but objective 12 
measures of acid exposure are often lacking. CBT for excessive supragastric belch-
ing, a condition related to GERD, found relief in both objective symptoms of GI as 
well as overall increased quality of life [153]. The sessions consisted of psychoedu-
cation about the disease, identification of physical sensations, restructuring mal-
adaptive thinking patterns about their belching, diaphragmatic breathing, and mouth 
opening/tongue position to better control belching.

 Comorbid Cardiorespiratory Disorders and Anxiety

Decades of research support the heightened prevalence of anxiety disorders, par-
ticularly panic disorder, within individuals with respiratory and cardiovascular dis-
eases [154–156]. With more than 80% of panic sufferers complaining of such 
physical symptoms as chest pain, tachycardia, or dyspnea [157, 158], PD is associ-
ated with substantial health decrements [159] and ranked among the top three men-
tal and physical illnesses associated with perceived health decrements [160–162].

Cardiovascular Disorders Interactions between psychological stress and activa-
tion of the cardiovascular system have long been a focus of research [163–165]. 
Epidemiological studies report consistent links between anxiety disorders and car-
diovascular disease, including cerebrovascular events, such as strokes [166], coro-
nary heart disease (ischemic heart disease, myocardial infarction, angina pectoris), 
chronic heart failure [167], and hypertension [112, 155, 168–172]. Heart racing or 
palpitations are central symptoms in both cardiovascular illness conditions and anx-
iety. Notably, they are also the most prominent and widely reported physical symp-
toms in panic disorder (PD) [173]. Dysfunctional activity of the autonomic nervous 
system and hypothalamic-pituitary-adrenal axis, which affects the cardiovascular 
system, is implemented in both anxiety and depression [156, 174, 175]. Consequently, 
studies highlight the bidirectional nature of cardiovascular illness augmenting the 
vulnerability for a subsequent anxiety disorder and vice versa. In support of the 
earlier, hypotensive compared to normotensive individuals have elevated rates of 
PD, and PD onset was typically followed diagnosis [176]. Likewise, discrete  cardiac 
events such as myocardial infarctions (MI) are associated to increased risk of post-
traumatic stress disorder (PTSD), worsened adverse illness management outcomes, 
and subsequent major cardiac events and mortality [177]. In a recent 2019 study, 
54% of cardiac disease patients met criteria for severe depression [178]. However, 
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there is also an elevated risk for anxiety disorders, with 19% meeting criteria severe-
to-very severe anxiety [178] and the manifestations of cardiovascular illness, includ-
ing mortality from cardiac events [179, 180]. Reversely, several longitudinal studies 
show that panic onset before the age of 21 years relates to a 1.3- fold risk for subse-
quent hypertension [181] and panic sufferers had a 1.5-fold risk of atrial fibrillations 
in one study [182] and a 2-fold risk of subsequent cardiovascular illness in another 
[183]. Finally, postmenopausal women with PD were at more than the fourfold risk 
for developing coronary heart disease [184].

Cardiac rehabilitation represents the first-line treatment for coronary heart dis-
ease (CHD). It is a multicomponent treatment incorporating health education, phys-
ical exercise, and diet but also includes psychosocial (e.g., CBT, hypnotherapy, 
stress management such as relaxation, coping and problem-solving skill training) 
and psychopharmacological interventions. CHD and anxiety disorders share con-
tributing factors that strongly link to problematic health behaviors, such as physical 
inactivity, smoking, and obesity.

Development of catastrophic thoughts and fear of dying following illness onset 
and subsequent avoidance behavior further fuel sedentary lifestyle, and foster symp-
toms at benign levels of physical activity. Furthermore, somatizing medical patients 
likely present with a lower threshold for experiencing subtle bodily sensations as 
aversive and fear-provoking (heart-focused anxiety), particularly if the sensation 
mimics those of serious medical conditions [156]. Stress resulting from heart- 
focused anxiety may, in turn, increase the occurrence of angina attacks and the 
probability of cardiac death as discussed above. Notably, while CHD patients pre-
dominantly report physical symptoms, they rarely fear them or have a sense of 
catastrophe. By contrast, chest pain experiences in NCCP are dominated by cata-
strophizing thoughts. Palpitation, the most common reason for cardiologist refer-
rals, is indeed only weakly related to arrhythmia and is largely asymptomatic as are 
heart rate symptom perceptions.

Furthermore, preventative cardiac treatments such as the use of implantable car-
dioverter defibrillators (ICDs) to treat life-threatening ventricular fibrillation can, in 
and of themselves, increase the risk for clinical anxiety. The painful and uncontrol-
lable shocks are linked to adverse psychological outcomes, with up to 20% of ICD 
users developing severe anxiety and panic [185, 186]. Strikingly, rates of PD and 
agoraphobia are 60% for those with more than two electrical discharges per year 
compared to 10% for one discharge [187].

Based on the latest Cochrane study [188] on the effects of psychological inter-
ventions for coronary heart disease, no effect was found for reduced total deaths 
(any cause), risk of cardiac surgery, or having another heart attack. However, they 
showed significant reductions in stress, depression, and anxiety [188]. Particularly 
promising was the small but significant effect for cardiac mortality. Similarly, a 
recent meta-analysis on patients with myocardial infarction [189] attested to the 
benefits of exercise-based cardiac rehabilitation on alleviating anxiety and depres-
sion symptoms. Findings from CBT-based trials demonstrate anxiety reductions up 
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to 60% in patients with ICDs [190] as well as for CHD more generally, including 
acute coronary syndrome, atrial fibrillation, and postmyocardial infarction [191]. A 
controlled trial testing anxiety-focused CBT for comorbid generalized anxiety dis-
order and chronic heart failure sufferers resulted in significant reductions in anxiety 
and unplanned hospital admissions [192]. Finally, promising new interventions are 
under investigation, such as the UNWIND study which is examining the benefits of 
exercise and escitalopram in anxious patients with coronary heart disease [193].

Asthma Strong and consistent associations have been found between asthma and 
anxiety disorders [112, 194], in particular, panic disorder, panic attacks, generalized 
anxiety disorder, and phobias [195–199], with prevalence rates for anxiety disorders 
of up to 45% in asthmatic samples [200]. Self-reported respiratory disease is associ-
ated with a 70% greater likelihood of panic attacks [195]. Sixty-three percent of 
asthma patients presenting to the emergency room for acute exacerbations suffered 
from an anxiety disorder [201], a phenomenon which is likely due to the frightening 
nature of asthma symptoms such as extreme dyspnea, chest tightness, or feelings of 
suffocation. Among the anxiety disorders, PD has often presented a specifically 
strong association with asthma [202], with prevalence rates up to 24% of adults and 
4.7% of children/adolescents [112, 203]. Childhood asthma symptoms are associated 
with increased levels of shyness/anxiety [204] and predict later-life development of 
panic disorder and agoraphobia [198, 205]. The illness may lead to subsequent anxi-
ety/panic through the emotional burden of chronic illness and excessive monitoring 
of illness-related symptoms that are interpreted as impending signals of physical 
catastrophe (e.g., shortness of breath interpreted as respiratory arrest) [206]. Early 
adulthood PD increases odds by more than six times for asthma later in life, possibly 
through additional problematic health behaviors, such as smoking, lack of physical 
activity, or dysfunctional dietary habits leading to obesity [207].

A substantial body of evidence suggests that comorbid anxiety complicates the 
management of asthma and is a risk factor for greater asthma morbidity, indepen-
dent of objective measures of pulmonary function [200, 208]. Strong negative emo-
tions and stress contribute to bronchoconstriction [209–212] and airway 
inflammation [213, 214], thereby exacerbating asthma. Asthma exacerbations lead 
to symptoms greatly feared by comorbid panic sufferers, thus exacerbating panic 
attacks. Anxiety and asthma comorbidity are associated with mutual complications 
in diagnosis and management. Similar symptoms may cause errors in diagnosis and 
treatment, leading to additional costs for the healthcare system [215, 216]. Asthma 
patients with higher anxiety levels are more likely to use healthcare providers, hos-
pitalization, and emergency visits [217–219]. Comorbidity has been associated with 
reduced quality of life [220, 221] and elevated medication use [222].

Although medication is undisputedly the first line of treatment for asthma 
patients, some (e.g., oral corticosteroids, β-agonists [205]) provoke the very symp-
toms anxious patients fear, thus exacerbating anxiety. Likewise, psychotropic medi-
cation for anxiety can cause respiratory side effects that can complicate asthma 
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symptoms. Thus, psychosocial interventions that are equally effective as psychotro-
pic medication in managing anxiety may be preferable.

On the other hand, caution is warranted since psychosocial interventions for 
anxiety carry other risks for the asthma patient. For example, CBT for anxiety often 
includes interoceptive exposure exercises, such as voluntary hyperventilation, that 
would lead to bronchoconstriction [223, 224]. Similarly, slow abdominal breathing 
training without control of PCO2 levels, a common technique included in CBT, can 
lead to hyperpnea or hyperventilation [225]. The efficacy of relaxation for asthma 
patients also is debated [226, 227] since it may encourage bronchoconstriction 
through enhancing parasympathetic activity.

Despite the repeated calls for standardized and evaluated interventions for 
comorbid asthma and anxiety [112, 196, 228], interventions remain remarkably 
absent, even though anxiety symptoms are viewed as modifiable risk factors. There 
have been attempts to improve self-management behaviors [229, 230], such as self- 
monitoring (symptom and peak flow diaries), allergen and trigger avoidance, and 
correct use of medication [231–235]. Interventions, including CBT, yoga, scriptog-
raphy, and biofeedback techniques [226, 236], have been devised that target aspect 
of asthma pathophysiology, with assumptions derived from biobehavioral and psy-
chophysiological models of the disease. While efficacies ranges from limited [237] 
to promising [238, 239]; most interventions have failed to address anxiety direct.

Notwithstanding, a few interventions are targeting comorbid asthma and anxiety. 
In a small trial, the investigators (Ross et  al. [240]) found that an 8-week group 
treatment that combined CBT for panic disorder with asthma education led to 
reductions in panic and anxiety that endured for 6 months, in addition to short-term 
improvements in morning PEF and asthma-related quality of life. Lehrer et al. [224] 
tested the benefits of a multimodal intervention for comorbid asthma and panic 
disorder, combining panic control therapy [241] with asthma education, smoking 
reduction, and assertiveness training. Findings of the uncontrolled pilot study 
reported promising reductions in panic and asthma symptoms, improvement in 
asthma quality of life, and decreased albuterol use. The intervention resulted in 
clinically significant reductions in panic and asthma symptoms and albuterol use as 
well as improved asthma stability and quality of life. Similarly, Yorke et al. [242] 
tested the feasibility and acceptability of group CBT in severe asthma, which pro-
vided a moderate signal for utility due to the high attrition. Given the particularly 
high comorbidity of asthma and PD in Latinos [200], Feldman and colleagues [243] 
developed a culturally adapted behavior psychophysiological therapy. The 8-week 
treatment was comprised of CBT for panic disorder, asthma education, differentia-
tion between panic and asthma symptoms, and heart rate variability biofeedback. A 
control group received music and relaxation therapy (MRT). While both interven-
tions showed improvements in anxiety and asthma outcome measures, only CBT 
led to improvement in adherence to inhaled corticosteroids. Finally, respiratory 
training using biofeedback of capnometry to reduce hyperventilation may likely 
benefit both panic symptomatology [244, 245] and asthma outcomes [246], but evi-
dence has yet to be established.
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 Conclusion

This chapter examined the link between comorbid anxiety and medical illness 
through the physical character of its symptoms. They overlap with the symptom-
atology of a range of chronic somatic illnesses and the presence of maladaptive 
cognitions and behaviors. Because of the highly complex nature of bodily sensa-
tions, attempts to assign “typical” versus “nontypical” symptoms to medical or psy-
chiatric diagnoses are overly simplistic. Strictly speaking, the diagnostic 
nomenclature (DSM-5) prohibits a diagnosis of PD if the origin of the symptoms is 
the direct cause of a medical condition. However, given that anxiety and panic/fear 
symptoms mimic those of several a critical medical condition, differential diagnosis 
is far from straightforward. The most common factor identified in research on non-
specific, medically unexplained symptoms is the persistence of bodily perceptions 
paired with catastrophic beliefs about the nature of these symptoms. While several 
promising interventions for comorbid anxiety and medical conditions have emerged, 
research and dissemination of evidence-based, tailored interventions with an impact 
on both psychiatric and chronic disease health are still in its infancy.
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 Introduction

It has long been understood that anxiety disorders are associated with physiological 
arousal [1, 2]. Signs of sympathetic nervous system arousal in anxiety disorders 
include increased muscle tension, as evidenced by electromyography (EMG) [3]; 
increased electrodermal activity (EDA) [4]; and increased heart rate (HR) [5]. 
Individuals with anxiety disorders also show decreased vagal tone, reflecting poorer 
parasympathetic control over sympathetic arousal; findings in this domain include 
decreased heart rate variability (HRV) [6] and respiratory sinus arrhythmia (RSA) 
[7]. Respiration is affected (specifically hyperventilation) in anxiety disorders, as 
evidenced by decreased end-tidal CO2 (ETCO2) [8]. Finally, anxiety-related arousal 
can be detected centrally using electroencephalography (EEG), with some evidence 
that attenuated alpha activity is associated with anxiety [9]. Given the close associa-
tion between physiological arousal and anxiety disorders, over the past several 
decades, there has been significant interest in the use of biofeedback, based on the 
notion that autonomic nervous system responses can be instrumentally conditioned 
[10]. In this section, we will briefly review the biofeedback strategies that have been 
utilized for individuals with anxiety disorders.

An EMG uses electrodes to translate electrical signals from motor neurons that 
cause muscles to contract. EMG biofeedback training is conceptualized as a method 
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for reducing muscle tension commonly associated with anxiety. The frontalis (fore-
head) muscle is the most frequently targeted muscle group in EMG biofeedback 
[11–13], though the trapezius (upper back) and sternomastoid (neck) muscles may 
also be used [13]. Electrodes are placed on the target areas, and patients receive 
auditory or visual feedback over the course of an approximately 20-min session, 
such as the sound of a tone [11, 13] or an image of bars on a computer screen turn-
ing green when EMG levels decrease [12]. EDA measures skin conductance, or 
what has been historically known as galvanic skin response (GSR). Sweating is 
controlled by the sympathetic nervous system, and thus the goal of EDA biofeed-
back is to train patients to reduce EDA levels, thereby reducing associated auto-
nomic arousal and anxiety. During biofeedback sessions, electrodes are typically 
attached to the fingers or palm, and patients are taught to lower EDA levels, typi-
cally through the use of visual feedback from an EDA recording device [14, 15]. 
Thermal biofeedback is based on the notion that raising skin temperature (e.g., of 
the hand) is associated with vasodilation, which results from decreased sympathetic 
nervous system activity [16]. Relaxing imagery or relaxing self-statements may be 
used to facilitate warming.

HR biofeedback involves encouraging patients to decrease HR toward a target; 
such procedures have been demonstrated not only to decrease HR but also to engage 
prefrontal cortical regions [17]. In anxiety, such procedures have been conducted at 
rest [18], while viewing negative pictures [19], or during in vivo exposure [20, 21]. 
HR feedback may be auditory [21] or visual (e.g., in one study, HR feedback was 
given via the shrinking of a pictorial stimulus, or slowing of a moving stimulus, on 
the computer screen) [18]. HRV biofeedback consists of feeding back HR data dur-
ing slow breathing exercises with the aim of increasing RSA, the cardiac pattern 
that occurs when heart rate increases during inhalation and decreases during exhala-
tion [22, 23]. Patients alter their breathing rate according to a pacing stimulus, such 
as a light display that moves up and down on a computer screen. Patients are pro-
vided with feedback of cardiac variability and are instructed to increase the ampli-
tude of HR fluctuations that occur in conjunction with respiration [24]. The feedback 
can include a beat-to-beat cardiotachometer, superimposed on a measure of respira-
tory activity, a moving frequency analysis of HR, or a light bar display, showing the 
amplitude of RSA with each breath. There are several methods for conducting HRV 
biofeedback, with RSA HR wave as one measure. RSA wave training involves hav-
ing individuals slow down their breath to a rate in which the amplitude of RSA is 
maximized. When the “resonant frequency” or proper breathing rate is determined 
for that individual, HR and respiration will covary in a way that the person will 
breathe in until their HR peaks and exhale until it starts to rise once again [25].

Biofeedback of ETCO2 is predicated on the concept of chronic hyperventilation, 
which rapidly decreases the partial pressure of carbon dioxide in arterial blood, 
measured indirectly via exhaled ETCO2. A capnometry-guided respiratory 
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intervention [26, 27] includes a CO2 sensor that samples the patient’s exhaled breath 
and measures ETCO2 and respiration rate (RR). The CO2 sensor then transmits the 
ETCO2 and RR values to a computer or tablet, which instructs the patient visually 
and audibly to slow his/her breathing, and increase ETCO2 levels, progressively 
across sessions and during home-based practice.

Although there are many variants of EEG neurofeedback, the most frequently 
studied of these in the anxiety disorders have focused on increasing alpha waves. 
Alpha is the dominant EEG rhythm in healthy adults at rest and is associated with a 
calm, relaxed state [28]. Among patients with panic disorder, alpha is attenuated [9], 
though in GAD patients, alpha is increased [29]. Increasing alpha magnitude can 
produce a calming effect in high-anxious individuals [30]. One style of EEG neuro-
feedback is designed to train patients to increase their alpha productivity (often in 
contrast to beta or theta wave activity) with the aim of achieving relaxation. Alpha 
training, as described by Watson et al. [28], involved having the patient watch a dis-
play that showed lights that would brighten as alpha activity increased. In subsequent 
trials, the patient tried to match the brightness of the feedback light to a reference 
light, set by the operator. After several training sessions, patients are asked to practice 
at home daily, attempting to replicate the enhanced alpha state without biofeedback. 
Subsequent variations of this protocol included using pleasant sounds to reflect alpha 
activity in the desired zone [31] and a computer game in which participants “walk” 
through a scary house and light their way using greater alpha power [32].

Neurofeedback using functional magnetic resonance imaging (fMRI) signal is 
comparatively new. For emotional disorders, the model of training is to teach par-
ticipants to downregulate limbic structures by engaging frontal regions [33]. In one 
trial for anxiety disorders (spider phobia), participants received training in cognitive 
reappraisal while looking at spider photographs (e.g., thinking about the aesthetics 
of the spider, focusing on the spider’s powerlessness, humanizing the spider, or 
imagining approaching the spider in a safe environment). In the fMRI scanner, they 
were encouraged to use their reappraisal strategies while increasing prefrontal activ-
ity (associated with emotion regulation) and decreasing insula activity (associated 
with fear) [34].

Much of the earlier research on biofeedback was in the area of behavioral medi-
cine and general stress reduction. However, biofeedback interventions have also 
been applied to a broad range of psychiatric disorders, including anxiety disorders, 
obsessive-compulsive disorder, posttraumatic stress disorder, depression, substance 
use disorders, dissociative disorders, eating disorders, and schizophrenia [35]. In 
this chapter, we will review the literature specific to biofeedback for anxiety disor-
ders according to the 3rd, 4th, or 5th edition of the Diagnostic and Statistical 
Manual of Mental Disorders (DSM) [36–38], using both quantitative (meta- 
analytic) and qualitative review strategies.
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 Method

 Data Sources

Journal articles were identified using searches of the PsycINFO and Medline elec-
tronic databases from 1987 to February 2019. The following search terms were 
used: biofeedback training or biofeedback or neurofeedback or neurotherapy and 
anxiety disorders, panic disorder, phobia, social anxiety, generalized anxiety disor-
der, obsessive-compulsive disorder, posttraumatic stress disorder, or agoraphobia. 
Studies were also identified through the reference lists of originally obtained arti-
cles, review papers, and meta-analyses.

 Study Selection and Data Extraction

We included studies that met the following inclusion criteria: used a randomized 
controlled trial design; included an identified biofeedback intervention in at least 
one arm of the study; and tested a DSM-defined anxiety disorder sample (DSM-III 
or later). We excluded studies that examined child samples or reported only sub-
analyses of another study, or if it was not possible to isolate the effects of the bio-
feedback intervention (e.g., biofeedback + CBT compared to a wait list condition).

The second and third authors independently reviewed all abstracts from the ini-
tial search and coded whether or not they met initial inclusion criteria. Any dis-
agreements were resolved by mutual discussion until 100% agreement was reached. 
This process resulted in 47 abstracts that met initial inclusion criteria (see Fig. 16.1). 
Full-text articles were obtained for these abstracts and divided between the second 
and third authors, who independently coded their assigned articles. From the initial 
151 abstracts, 21 full-text articles were retained for analyses (see Table 16.1), rep-
resenting a total of 779 patients.

 Coding Variables

From the selected articles, we coded the diagnosis of sample, as well as the type of 
biofeedback: EMG, EDA, thermal, HR, HRV, ETCO2, EEG, or fMRI.  We also 
coded the nature of the control group: wait list, active treatment control, or reverse 
biofeedback (i.e., training patients to modify their physiological responses in a theo-
retically countertherapeutic direction).

Following the Effective Public Health Practice Project (EPHPP) rating system 
[39], we coded six variables for each study related to methodological quality as 
strong, moderate, or weak. Variables were as follows:

Selection bias. A “strong” rating was given when the sample was deemed very 
likely to be representative of the target population, with an 80% or higher partici-
pation rate. A “moderate” rating was given when the sample was judged to be 

D. F. Tolin et al.
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somewhat likely to be representative of the target population, with a 60–79% 
participation rate. A “weak” rating was given for all other responses, or when 
selection procedures were not described.

Design. A “strong” rating was given for randomized controlled trials. A “moderate” 
rating was given for cohort analytic, case-control, cohort, and an interrupted time 
series designs. A “weak” rating was given for all other designs, or when the 
design was not described.

Confounders. A “strong” rating was given when the researchers controlled for at 
least 80% of confounders. A “moderate” rating was given when the researchers 
controlled for 60–79% of confounders. A “weak” rating was given when con-
founders were not controlled for, or not described.
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Fig. 16.1 PRISMA diagram
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Blinding. A “strong” rating was given when the outcome assessor and study partici-
pants were blinded to intervention status and/or the research question. A “moder-
ate” rating was given when there was blinding of either the outcome assessor or 
study participants, but not both. A “weak” rating was given when the outcome 
assessor and study participants were aware of the intervention condition.

Data collection methods. A “strong” rating was given when the study measures 
were judged to be reliable and valid. A “moderate” rating was given when the 
measures were considered valid, but the reliability was not described. A “weak” 
rating was given when there was no evidence of validity or reliability of the study 
measures.

Withdrawals and dropouts. A “strong” rating was given when over 80% of partici-
pants had follow-up assessments. A “moderate” rating was given when 60–79% 
of participants had follow-up assessments. A “weak” rating was given when less 
than < 60% of participants had follow-up assessments, or when withdrawals and 
dropouts were not described.

From these ratings, an overall study quality rating was determined, with a score 
of 1 being the highest quality and reflecting no “weak” ratings; a score of 2 reflect-
ing one “weak” rating; and a score of 3 reflecting two or more “weak” ratings.

 Coding Reliability

Eleven articles (52.4%) were randomly selected from the pool of included studies 
for inter-rater reliability analyses of study quality ratings. The second and third 
authors independently coded each of these articles, and then an intraclass correla-
tion coefficient was calculated for the global rating of study quality. Intraclass cor-
relation was .80, indicating good inter-rater reliability.

 Statistical Analyses

We used random effects models with Comprehensive Meta-Analysis software. 
Study was the unit of analysis, resulting in pooled event rates. Effect sizes (Hedges’s 
g) were weighted by inverse variance (therefore, larger samples were weighted 
more strongly than were smaller samples). Publication bias was examined using the 
trim and fill procedure [40], which estimates missing studies to the left side of the 
mean event rate (indicating lower effect size). Heterogeneity was examined using 
the Q statistic and its p value. Heterogeneity was examined further using the I2 sta-
tistic, which reflects the percentage of variation due to true heterogeneity rather than 
chance and is interpreted as follows: 25% = little heterogeneity, 50% = moderate 
heterogeneity, and 75%  =  high heterogeneity [41]. Meta-regression was used to 
examine the relationship between global quality rating and effect size.
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 Results

Overall Results
When compared to WL control, biofeedback (10 comparisons, N = 175) was associ-
ated with a large effect size (g = 1.10, 95% CI = −0.55–1.64). Heterogeneity was 
high (Q = 40.47, p < .001; I2 = 77.76). Visual inspection of Fig. 16.2 suggests the 
presence of an outlying study (g = 5.25). When that study was removed from analy-
sis, the effect remained large (g = 0.86, 95% CI = 0.57–1.16), and heterogeneity was 
low (Q = 10.87, p = 0.21, I2 = 26.40). The trim and fill procedure suggested no miss-
ing studies. Meta-regression did not reveal a relationship between study quality 
rating and effect size (z = 0.17, p = 0.55).

When compared to active control conditions, biofeedback (9 comparisons, 
N = 194) was associated with a small and negative effect size (g = −0.25, 95% 
CI = −0.79–0.28). Heterogeneity was moderate (Q = 28.83, p < 0.001; I2 = 72.25); 
see Fig. 16.3. The trim and fill procedure suggested no missing studies. A significant 
relationship between global quality rating and effect size was found (z = −2.26, 

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Dadashi et al. (2014) 5.254 0.792 0.628 3.701 6.806 6.632 0.000
Rice et al. (1993) 0.863 0.472 0.223 -0.061 1.788 1.830 0.067
Pallavicini et al. (2009) 0.125 0.629 0.396 -1.108 1.358 0.198 0.843
Carlson et al. (1998) 0.037 0.390 0.152 -0.727 0.801 0.095 0.925
Meuret et al. (2008) 1.217 0.364 0.133 0.503 1.932 3.341 0.001
Kim et al. (2012) 1.224 0.302 0.091 0.631 1.816 4.046 0.000
van der Kolk et al. (2016) 1.313 0.312 0.097 0.702 1.923 4.211 0.000
Agnihoutri et al. (2007) 0.712 0.373 0.139 -0.020 1.443 1.907 0.057
Agnihoutri et al. (2007) 0.629 0.371 0.138 -0.099 1.357 1.694 0.090
Rice et al. (1993) 0.945 0.476 0.227 0.011 1.879 1.984 0.047

1.096 0.277 0.077 0.553 1.640 3.957 0.000

-2.00 -1.00 0.00 1.00 2.00

Favors Control Favors Biofeedback

Fig. 16.2 Effect sizes for studies of biofeedback compared to wait list

Study name Statistics for each study Hedges's g and 95% CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

Pallavicini et al. (2009) 0.336 0.645 0.416 -0.928 1.601 0.521 0.602
Carlson et al. (1998) -0.741 0.426 0.181 -1.576 0.093 -1.741 0.082
Deng et al. (2014) 0.742 0.241 0.058 0.269 1.215 3.076 0.002
Biswas et al. (1995) -0.567 0.588 0.346 -1.720 0.585 -0.965 0.335
Biswas et al. (1995) -1.360 0.685 0.470 -2.703 -0.016 -1.984 0.047
Pangotra et al. (2018) -0.395 0.433 0.187 -1.244 0.453 -0.913 0.361
Pangotra et al. (2018) -1.284 0.474 0.225 -2.213 -0.355 -2.709 0.007
Tan et al. (2011) 0.704 0.445 0.198 -0.169 1.577 1.581 0.114
Meuret et al. (2010) -0.233 0.305 0.093 -0.831 0.365 -0.764 0.445

-0.251 0.273 0.074 -0.786 0.283 -0.921 0.357

-2.00 -1.00 0.00 1.00 2.00

Favors Control Favors Biofeedback

Fig. 16.3 Effect sizes for studies of biofeedback compared to active control
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p  =  0.02), showing that higher-quality studies (lower number) had superior 
outcomes.

When compared to reverse control conditions, biofeedback (2 comparisons, 
N  =  73) was associated with a small and negative effect size (g  = −0.26, 95% 
CI = −1.05–0.52). Heterogeneity was moderate (Q = 2.07, p = .0.154; I2 = 50.91); 
see Fig. 16.4. The trim and fill procedure and meta-regression could not be per-
formed due to the small number of studies.

 Electromyography (EMG) Biofeedback

Qualitative Review Most of the extant RCTs of EMG biofeedback have been with 
GAD patients. Rice et  al. [11] assigned GAD patients to one of five conditions: 
EMG biofeedback, EEG neurofeedback to increase alpha rhythms, neurofeedback 
to decrease alpha rhythms, a pseudo-meditation control condition, or wait list. 
Whereas patients in the wait list condition did not improve, those in the EMG bio-
feedback condition showed improvement in trait anxiety and psychosomatic symp-
toms. Gains were maintained at 4-week follow-up. Agnihotri et al. [12] assigned 
patients to EMG biofeedback, EEG biofeedback, or no treatment. Compared to no 
treatment, patients receiving EMG biofeedback showed reductions in state and trait 
anxiety, though some increase in trait anxiety was noted at 2-week follow-up. In a 
follow-up study, Agnihotri et al. [42] assigned GAD patients to EMG biofeedback, 
EEG biofeedback, or no treatment. Patients receiving EMG biofeedback, in com-
parison with no treatment, showed significant decreases in anxiety symptoms, with 
some return of anxiety at 2-week follow-up. In one study of PTSD patients, Carlson 
et al. [13] randomized patients to EMG biofeedback, wait list, or an active treatment 
(eye movement desensitization). EMG biofeedback did not outperform wait list or 
active treatment in terms of PTSD symptoms or trait anxiety.

Effect size Analysis When compared to various control conditions, EMG biofeed-
back (4 comparisons, N = 83) was associated with a small effect size (g = 0.23, 95% 
CI = −0.48–0.95). Heterogeneity was moderate (Q = 9.37, p = .0.025; I2 = 67.97). 
The trim and fill procedure suggested no missing studies. Meta-regression showed 

Study name Statistics for each study Hedges's g and 95%  CI

Hedges's Standard Lower Upper 
g error Variance limit limit Z-Value p-Value

-0.614 0.344 0.118 -1.287 0.059 -1.787 0.074

0.194 0.450 0.203 -0.688 1.077 0.432 0.666

-0.262 0.401 0.161 -1.048 0.523 -0.654 0.513

-2.00 -1.00 0.00 1.00 2.00

Fav ors Control Fav ors Biofeedback

Kim et al. (2012)

Rice et al. (1993)

Fig. 16.4 Effect sizes for studies of biofeedback compared to reverse biofeedback control
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no relationship between study quality and effect size (z = 0.69, p = 0.12). Of the 4 
comparisons, 3 were compared to wait list; these were associated with a medium 
effect size (g = 0.53, 95% CI = −0.17–0.63). One was compared to an active con-
trol, showing a medium negative effect (g = −0.74, 95% CI = -1.58–0.09).

 Electrodermal Activity (EDA) Biofeedback

Qualitative Review Only one RCT of EDA biofeedback for anxiety disorders was 
identified. Biswas et al. [15] randomly assigned patients with GAD to a biofeedback 
condition designed to lower skin conductance or to one of the two active control 
treatments: cognitive behavioral therapy or pharmacotherapy (apparently unspeci-
fied benzodiazepines). Though improvement in anxiety was seen in all three groups, 
biofeedback did not outperform either of the two active treatments.

Effect Size Analysis EDA biofeedback (1 comparison, N = 16) was associated with 
a large and negative effect size (g = −0.90, 95% CI = 1.78–0.03). The trim and fill 
and meta-regression procedures could not be calculated due to the small number of 
studies.

 Thermal Biofeedback

Qualitative Review Only one RCT of thermal biofeedback for anxiety disorders 
was identified. Watson et al. [43] assigned patients with PTSD to thermal biofeed-
back vs. two relaxation conditions. No significant differences were obtained across 
the 3 groups for 21 different outcome measures.

Effect Size Analysis Effect size for the single study of thermal biofeedback could 
not be calculated due to the lack of useable data.

 Heart Rate (HR) Biofeedback

Qualitative Review Pallavicini et al. [18] assigned patients with GAD to HR bio-
feedback along with a virtual reality program designed to provide relaxation and 
exposure exercises, the virtual reality condition without biofeedback, or wait list. 
The biofeedback group showed a significant reduction on several measures of anxi-
ety, though the two treated groups did not differ from one another. Lande et al. [44] 
assigned patients with PTSD to a HR and respiration biofeedback condition vs. 
treatment as usual (TAU). Participants in both conditions showed a reduction in 
PTSD and depressive symptoms, but did not differ from one another.

D. F. Tolin et al.
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Effect Size Analysis When compared to various control conditions, HR biofeed-
back (2 comparisons, N = 12) was associated with a small effect size (g = 0.23, 95% 
CI = − 0.66–1.11). Heterogeneity was low (Q = 0.06, p = .0.815; I2 = 0.00). The trim 
and fill and meta-regression procedure could not be performed due to the small 
number of studies. One comparison of HR biofeedback to wait list showed a negli-
gible effect (g = 0.12, 95% CI = −1.11–1.36), whereas another comparing biofeed-
back to active treatment showed a small effect (g = 0.34, 95% CI = −0.93–1.60).

 Heart Rate Variability (HRV) Biofeedback

Qualitative Review Only one RCT of HRV biofeedback for anxiety disorders was 
identified. Tan et  al. [45] assigned patients with PTSD to HRV biofeedback vs. 
TAU. PTSD symptoms decreased in the biofeedback group, but not the TAU group; 
however, change scores did not differ significantly between the two groups.

Effect Size Analysis Only one study of HRV biofeedback was identified (N = 20); 
that study was associated with a medium effect size (g = 0.70, 95% CI = −0.17–
1.58). The trim and fill and meta-regression procedures could not be performed due 
to the small number of studies.

 End-Tidal CO2 (ETCO2) Biofeedback

Qualitative Review Meuret et al. [26] compared a capnometry-assisted breathing 
retraining procedure against wait list for patients with panic disorder. In this proce-
dure, patients were trained to raise their levels of end-tidal CO2 (ETCO2). Compared 
to the wait list group, patients receiving biofeedback showed significant improve-
ment in panic severity, agoraphobic avoidance, anxiety sensitivity, and functional 
impairment. Gains were largely maintained at 2- and 12-month follow-up. In a fol-
low- up study, Meuret et al. [46] compared their respiratory biofeedback procedure 
to cognitive therapy for patients with panic disorder. The two groups showed equiv-
alent reductions in panic severity, anxiety, and anxiety sensitivity. No follow-up was 
reported. Kim et al. [47] assigned panic disorder patients to two respiratory biofeed-
back procedures: in one, patients were instructed to raise their ETCO2 levels, as was 
the case in the Meuret et al. [26, 46] studies. In the other condition, patients were 
instructed to lower their ETCO2 levels. Both methods, compared to wait list, yielded 
significant decreases in panic disorder severity, with gains maintained at 6-month 
follow-up. This study raises questions about the extent to which raising ETCO2 
levels is an active mechanism of the intervention. Finally, in a study of patients with 
PTSD, Polak et al. [48] assigned patients to trauma-focused CBT with or without a 
respiratory biofeedback that instructed patients to correct breathing rate but not 
ETCO2 levels. PTSD symptoms improved in each condition, though response was 
more rapid in patients receiving biofeedback. No follow-up was reported.

16 Biofeedback and Neurofeedback for Anxiety Disorders: A Quantitative…
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Effect Size Analysis When compared to various control conditions, ETCO2 bio-
feedback (4 comparisons, N = 160) was associated with a small effect size (g = 0.39, 
95% CI = −0.08–0.71). Heterogeneity was high (Q = 25.46, p < .0.001; I2 = 88.22). 
The trim and fill procedure suggested no missing studies. Meta-regression could not 
be calculated due to lack of variance in quality ratings. Of the 4 comparisons, 2 
compared ETCO2 biofeedback to wait list. These were associated with a large effect 
size (g = 1.22, 95% CI = 0.76–1.68). One compared biofeedback to an active treat-
ment; that study was associated with a small negative effect (g  =  −0.23, 95% 
CI = −0.83–0.36). The final study compared ETCO2 biofeedback to a reverse bio-
feedback condition; that study was associated with a medium negative effect size 
(g = −0.61, 95% CI = −1.29–0.06).

 Electroencephalography (EEG) Neurofeedback

Qualitative Review Several RCTs have examined the use of EEG neurofeedback in 
patients with GAD.  Agnihotri et  al. [12] assigned patients to EEG biofeedback, 
EMG biofeedback, or no treatment. In the neurofeedback group, patients were 
instructed to increase alpha rhythms. Compared to no treatment, patients receiving 
neurofeedback showed reductions in state and trait anxiety, though some increase in 
trait anxiety was noted at 2-week follow-up. In a follow-up study, Agnihotri et al. 
[42] assigned GAD patients to EEG biofeedback, EMG biofeedback, or no treat-
ment. Patients receiving neurofeedback, in comparison with no treatment, showed 
significant decreases in anxiety symptoms, with some return of anxiety at 2-week 
follow-up. Rice et al. [11] assigned GAD patients to one of five conditions: EEG 
neurofeedback to increase alpha rhythms, neurofeedback to decrease alpha rhythms, 
EMG biofeedback, a pseudo-meditation control condition, or wait list. Compared to 
wait list, participants in both neurofeedback conditions showed decreased trait anxi-
ety, with gains maintained at follow-up. This study raises questions about the extent 
to which alpha enhancement is the critical mechanism of treatment. Vanathy et al. 
[49] assigned GAD patients to neurofeedback designed to increase alpha rhythms, 
neurofeedback designed to increase theta rhythms, or wait list. Compared to wait 
list, both neurofeedback groups showed decreased state anxiety as well as improved 
quality of life, with no difference between the two neurofeedback groups. Dadashi 
et  al. [50] employed a combined alpha- and theta-enhancing neurofeedback. 
Compared to wait list, neurofeedback patients showed decreased GAD symptoms 
and global impairment indices.

In patients with OCD, Deng et al. [51] examined the addition of EEG neurofeed-
back (increasing alpha and theta rhythms) to medications and CBT. OCD symptoms 
decreased in both groups, with a greater decrease in the group that received 
EEG. Koprivova et al. [52] assigned OCD patients to an individualized EEG neuro-
feedback (based on obtained abnormal frequencies) vs. sham biofeedback. OCD 
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symptoms decreased in both conditions, and the neurofeedback group showed a 
greater reduction in compulsions than did the sham biofeedback group.

EEG neurofeedback has also been investigated in patients with PTSD. Peniston 
and Kulkosky [53] assigned veterans with PTSD to treatment as usual (TAU) or to 
EEG biofeedback (designed to increase alpha rhythm). Neurofeedback patients, 
compared to TAU patients, showed decreased scores on several subscales of the 
Minnesota Multiphasic Personality Inventory (MMPI); gains were largely main-
tained at 30-month follow-up. van der Kolk et al. [54] assigned PTSD patients to 
wait list or to EEG neurofeedback designed to increase alpha activity. Though 
PTSD severity decreased in both groups, a greater decrease was seen in the neuro-
feedback group. At 1-month follow-up, a greater proportion of wait list patients 
continued to meet criteria for PTSD, compared to neurofeedback patients.

Effect Size Analysis When compared to various control conditions, EEG neuro-
feedback (8 comparisons, N = 130) was associated with a moderate effect size 
(g = 0.79, 95% CI = −0.03–1.62). Heterogeneity was high (Q = 62.15, p < .0.001; 
I2  =  88.74). The trim and fill procedure suggested no missing studies. Meta- 
regression showed a significant relationship between study quality and effect size 
(z = −0.57, p = 0.045), with higher-quality studies (lower number) showing superior 
effects. Of the 8 comparisons, 4 compared EEG neurofeedback to wait list and were 
associated with a large effect size (g = 1.84, 95% CI = 0.49–3.18). Three compared 
neurofeedback to active treatment and were associated with a small negative effect 
(g = −0.26, 95% CI = −1.50–0.97). One compared neurofeedback to a reverse neu-
rofeedback condition; this study was associated with a negligible to small effect 
(g = 0.19, 95% CI = -0.69–1.08).

 Functional Magnetic Resonance Imaging (fMRI) Neurofeedback

Qualitative Review Only one RCT of fMRI neurofeedback for anxiety disorders 
was identified. Zilverstand et  al. [34] assigned patients with specific phobia to a 
neurofeedback condition, in which they were instructed to increase prefrontal activ-
ity and reduce insular activation, or to a control condition in which patients were 
instructed to “adapt their strategy based on intuition throughout the session” (p. 3). 
During exposure to phobic stimuli, neurofeedback patients reported lower fear lev-
els than did control patients. At 3-month follow-up, patients in both conditions 
showed significant reductions in spider fear on a standardized measure; it was noted 
that fear reductions were correlated with insular downregulation in the neurofeed-
back group but not in the control group.

Effect Size Analysis Effect size for the single study of fMRI neurofeedback could 
not be calculated due to the lack of useable data.
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 Conclusions

In this chapter, we conducted a qualitative and quantitative systematic review of 
randomized controlled trials of biofeedback for anxiety disorders. Perhaps the most 
surprising aspect of the present review is the relatively small number of randomized 
controlled trials for anxiety disorders. Despite the long history of biofeedback [55], 
our review (see Fig. 16.1) found that of 151 articles reviewed, 54% of these were not 
RCTs, and 24% were not for DSM-defined anxiety disorders. Thus, there is a clear 
need for more well-controlled studies of biofeedback interventions for anxiety dis-
orders. Based on the EPHPP criteria [39], the extant RCTs largely suffer from sig-
nificant methodological limitations. As shown in Table 16.1, of 24 articles included 
in the qualitative review, 54% received an overall rating of “weak.” Considering the 
long history of biofeedback studies, this is a surprising finding. We recommend the 
following for future research:

 (1) The use of representative samples. It is important for studies to insure a high 
participation rate among participants who are likely to be representative of the 
target population.

 (2) Controlling for potential confounders. Research should be mindful of imbal-
anced prognostic factors by, for example, stratifying or matching patients based 
on these factors.

 (3) Adequate blinding of research participants and assessors. Ideally, sham treat-
ments could be used, allowing for both the patient and the assessor to remain 
unaware of the intervention condition and/or the specific research question.

 (4) The use of reliable and valid measures of anxiety. The reliability of measures 
should be verified within the treated sample, and only measures with estab-
lished validity should be used.

 (5) Follow-up with withdrawals and dropouts. Efforts should be made to insure that 
follow-up data are collected from all patients, including those who withdrew or 
dropped out.

Across studies, the meta-analytic result indicates that biofeedback (broadly 
defined) is superior to wait list. In particular, EMG biofeedback shows a medium 
advantage over wait list, and ETCO2 biofeedback and EEG neurofeedback show a 
large advantage over wait list. Thus, these results affirm the efficacy of at least some 
forms of biofeedback for patients with DSM anxiety disorders.

The limitations of our review are determined by the quantity and quality of the 
studies we identified. Although we clearly observed that studies demonstrate the effi-
cacy of biofeedback, there are significant limitations with wait list control. First, 
although a wait list condition can control for the mere effects of time, it cannot control 
for placebo or other nonspecific effects of treatment [56]. Second, there is evidence 
suggesting that wait list can actually serve as a “nocebo,” creating negative expecta-
tions in patients and hampering naturally occurring recovery mechanisms [57].

It is noteworthy that our meta-analysis did not demonstrate a clear advantage of 
biofeedback over active treatment, or over reverse biofeedback. Moreover, the 
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number of studies that examined reverse biofeedback was too small to provide con-
clusive evidence for or against it. Though one study of HRV biofeedback did exhibit 
a medium effect over treatment as usual, such a design still may not adequately 
control for nonspecific effects of treatment. The use of active treatment conditions 
(e.g., randomizing patients to biofeedback versus other forms of therapy) would 
provide an effective control for expectancy, attention, and other nonspecific effects 
of treatment. Even more powerful are reverse conditions, in which patients are 
trained to change their physiological responses in a countertherapeutic direction. 
Such designs not only provide an excellent control for nonspecific effects but also 
help to address whether physiological changes in the desired direction are indeed an 
active mechanism of treatment. To date, this has not yet been demonstrated conclu-
sively in controlled trials for anxiety disorders.
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 Introduction

Anxiety disorders are a tremendous burden for individuals and societies given the 
relatively high lifetime prevalence of up to 33.7% in population-based surveys [1]. 
Several pharmacological and psychological interventions have been established as 
effective in the treatment of anxiety disorders [2]. However, pharmacological treat-
ments may have side effects, which can impede the treatment adherence and the 
maintenance of therapeutic effects on the long run [3]. Hence, it appears crucial to 
inform patients with anxiety disorders about evidence-based psychological inter-
ventions that can be provided either as adjunctive to pharmacotherapy or as stand- 
alone treatment [3].

Among psychotherapeutic approaches, the most robust evidence base exists for 
cognitive behavioral therapy (CBT) that is like pharmacotherapy a first-line treat-
ment for different anxiety disorders [4]. CBT is a directive, problem- orientated, 
structured, time-limited therapeutic approach that emphasizes the importance of a 
collaborative therapeutic relationship [5]. It is assumed that maladaptive behaviors 
and cognitions are learned and thus can be unlearned. For instance, in behavioral 
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therapy anxiety disorders are assumed to be developed and maintained based on 
associative learning in terms of classical and operant conditioning [6, 7]. The core 
strategy of cognitive approaches in mental disorders is to identify learned maladaptive 
cognitions, to test their validity and to replace them with more realistic or functional 
cognitions. This represents a starting point for emotional symptom relief and more 
adaptive behaviors [8]. In other words, CBT assumes that it is not the context or 
circumstances that make a person suffer emotionally, but one’s perceptions, beliefs, 
and assumptions about the situation. In the treatment of anxiety disorders, cognitive 
and behavioral techniques such as behavioral experiments, especially exposure to 
feared stimuli, are usually combined [5]. The principles of CBT are well-established 
in clinical practice for a range of disorder-specific treatment protocols, whereas there 
are newer and less frequently studied mindfulness- based approaches that try to add a 
broader contextual perspective to CBT [9, 10].

Hayes [11] suggested to classify developments in CBT using the metaphor of 
waves: The “first wave” of CBT in the 1950s was dominated by neo-behavioral 
principles using classical and operant conditioning techniques of behavior therapy 
in order to directly change problematic behavior. In the late 1960s, the “second 
wave” of CBT aimed to focus more on the “black box” of the human mind in order 
to challenge and change the content of maladaptive cognitions related to complex 
behavior patterns (e.g., by using cognitive restructuring [11, 12]). While the first 
behavioral therapies assumed that changing behavior results in changes in emotions 
and cognitions, cognitive therapy sees the change of cognitions as the initial step in 
order to change emotions and behavior [7].

“Third wave” therapies are proposed to address the meta-cognitive level by 
changing the function and context of maladaptive psychological processes in terms 
of one’s association with thoughts and feelings (e.g., by fostering the momentary 
awareness and acceptance of these events) [9, 13]. Treatments of the “new genera-
tion” of CBT have been characterized to put more emphasis on contextual and less 
on pathological aspects than behavioral therapy and CBT [9, 12], for instance, by 
not debating dysfunctional thoughts and by focusing more on indirect and experien-
tial avoidance techniques [14]. That means that, while the “first” and the “second” 
waves of CBT have focused on the elimination of specific problematic or unhealthy 
behaviors, thoughts, and emotions, “third wave” CBT approaches have a broader 
scope on the cultivation of new skills such as mindfulness and acceptance [11]. The 
“third wave” of CBT includes various approaches such as mindfulness-based cogni-
tive therapy (MBCT) [15], acceptance and commitment therapy (ACT) [16], dialec-
tical behavior therapy (DBT) [17], and meta-cognitive therapy (MCT) [18]. 
However, the wording “third wave” has been subject to controversy [12]. Hofmann 
et al. [9] argued that this terminology is misleading, because only slight differences 
exist in the theory base and procedures between “new wave” contextual and tradi-
tional CBT that both rather belong to a CBT family of treatments.

In the past two decades, mindfulness-based interventions (MBIs) have received 
broad attention among health professionals, and there is empirical support for their 
efficacy in clinical [10, 19–23] and nonclinical settings [24–26]. The most common 
MBIs are mindfulness-based stress reduction (MBSR), MBCT, and ACT [13]. 
Based on mindfulness meditation practice adapted from Buddhist tradition, 
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Kabat- Zinn developed MBSR, an 8-week group program, as the first Western MBI 
in the late 1970s to adjunctively treat patients with chronic pain [13]. Over the past 
decades, MBSR has been also applied to broader spectrum of health conditions and 
populations [27, 28]. As an amalgamation of MBSR and CBT principles, MBCT 
was developed as a disorder-specific mindfulness intervention for the relapse pre-
vention of major depressive disorder (MDD) [29], but has been also adapted to treat 
anxiety [30]. Another differentiation of MBIs is ACT that is grounded on the 
assumption that the suppression of negative perceptions result in an increased fre-
quency and severity of aversive experiences; ACT emphasizes the importance of 
accepting these perceptions as a precondition to behavior change [16]. ACT puts 
emphasis on experience-orientated techniques to train self-acceptance and a non-
judgmental attitude toward in order to increase psychological flexibility [24]. Both 
MBCT and ACT are grounded on the concept of mindfulness and aim to target 
experiential avoidance strategies. However, in contrast to ACT, which is not consid-
ered a direct extension of CBT by Hayes [11], MBCT has a greater scope on formal 
mindfulness exercises and integrates elements of cognitive therapy [20]. In view of 
the compatible background and techniques but different stages of clinical testing, a 
selective overview on the current status of (1) CBT as well as potential applications 
of (2) MBCT and (3) ACT in the treatment of anxiety disorders will be provided. 
Furthermore, besides the traditional face-to-face individual and group format, inno-
vative delivery modes of the “second” and “third wave” have been developed in 
recent years. Given the scarcity of treatment places in routine care, the dissemina-
tion of evidence-based Internet- delivered CBT (iCBT) (c.f., [31]) and mindfulness- 
and acceptance interventions (c.f. [32]) has been proposed to improve the access to 
professional help for people with anxiety disorders. Therefore, digital treatment 
approaches will be presented.

Specifically, this chapter describes the application of CBT-compatible interven-
tions for the common DMS V anxiety disorders specific phobia, panic disorder, 
agoraphobia, social anxiety disorder, and generalized anxiety disorder in adults in 
order to derive implications for clinical practice and research.

 “Second Wave” of CBT in the Treatment of Anxiety Disorders 
in Adults

 Cognitive Behavioral Therapy

CBT is one of the most applied and best researched psychological treatments for 
anxiety disorders [33]. This “second wave” psychological treatment supposes that 
maladaptive cognitions play a key role in the development and maintenance of men-
tal disorders [4]. CBT originates partly from the theories by Skinner and Wolpe that 
were the groundwork for behavioral therapy in the 1950s, which assumes that 
behavior changes lead to changes in emotions and cognitions [7]. It is assumed that 
fear is maintained through negative reinforcement such as avoidance behavior. 
Behavioral therapy was the starting point for the theories of cognitive therapy pio-
neered by Beck and Ellis. These theories postulate that changing cognitions result 
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in changes in emotions and behavior [7]. The general purpose of CBT is to guide 
patients to learn modifying the content of problematic cognitions and, thereby, 
break the cycle of maladaptive thoughts, emotions, and behavior [8]. CBT is often 
used as an umbrella term for behavioral and cognitive therapy approaches, which 
vary in terms of a different emphasis either on behavioral or cognitive techniques 
[7]. CBT interventions share common principles, such as action orientation (CBT 
Principle 5, Table 17.1).

 Traditional CBT for Anxiety Disorders

As a theoretical groundwork for CBT, Beck’s cognitive model of depression [35] 
proposes that patients are vulnerable to negatively biased information processing 
based on which they develop negative core beliefs or cognitive schemas, dysfunc-
tional assumptions, and negative automatic thoughts that contribute to dysfunctional 
behavior and emotional distress. The negative cognitive triad model proposes that 
cognitions, emotions, and behavior are interrelated [36]. The cognitive perspective 
has been also extended to treat anxiety and phobias [37]. Cognitive therapy applies 
techniques that help patients to recognize and correct dysfunctional cognitions such 
as negative automatic thoughts and distorted beliefs in order to reduce fear and 
worry [38]. Techniques include psychoeducation, cognitive restructuring, and 
homework assignments [7]. Guided discovery (e.g., Socratic questioning) and the 
collaborative therapeutic relationship are further components of CBT [5]. Behavioral 
experiments (i.e., exposure) are especially relevant for the treatment of anxiety [5]. 
Exposure is a commonly used behavioral technique in CBT for anxiety disorders 
that can be applied imaginal, in vivo, or interoceptive. Other exposure-based treat-
ments involve, for instance, systematic desensitization and virtual reality (VR) 
exposure [39]. It is assumed that the confrontation with the pathologically feared 
stimulus alongside with the integration of corrective information in the fear memory 
will result in the decrease of fear [7]. Other behavioral techniques involve activity 
scheduling, progressive muscle relaxation, and breathing exercises [5].

CBT for anxiety disorders can be delivered in individual, group, or guided self- 
help format. Usually, CBT programs are disorder-specific for treating a single diag-
nosis within the anxiety disorder spectrum. In view of the high prevalence of 
comorbidity and overlapping symptoms in anxiety disorders with each other and 
other disorders [1], transdiagnostic CBT protocols have gained an increasing inter-
est among clinicians and researchers [7]. However, many people with anxiety disor-
ders remain untreated or seek help delayed [40]. Therefore, innovative strategies to 
improve help-seeking and the uptake of psychological services are investigated. 
One of these service types is iCBT.

 Internet-Delivered CBT for Anxiety Disorders

As the most commonly applied framework, iCBT has been suggested to have addi-
tional benefits to routine care such as scalability, cost-effectiveness, and time/
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location flexibility [41–43]. Given the high prevalence of anxiety disorders, the lim-
ited treatment places in routine care and delayed help-seeking, iCBT increase the 
uptake of self-help services or represent a  low-treshold, early intervention for anx-
ious patients (see CBT Principle 8, Table  17.1). General barrier to access iCBT 
involve, for instance, the “digital divide,” new challenges for therapeutic routines, 
and data security concerns [44]. The latter appears especially relevant given the 
emergence of commercial mobile health (mHealth) apps [42].

Support formats in iCBT vary between unguided self-help and guided interventions 
with either real-time (synchronous) or delayed (asynchronous) therapist contact [42]. 

Table 17.1 9 Core principles of cognitive behavioral therapy

Main principles Key elements
Principle 1 Operationalization and empirical testing of theoretical 

concepts and therapeutic methods with objective, reliable, 
and valid measures

CBT is oriented on empirical 
psychology
Principle 2 Addressing the present problem
CBT is problem-oriented Tailoring the treatment to the individual and the mental 

disorder (disorder-specific)
Improving general problem-solving skills

Principle 3 Focusing on maintaining conditions due to their relevance for 
future conditions and durable problem solutions

CBT addresses predisposing, 
triggering, and maintaining 
problematic conditions

Addressing the present effects of predisposing conditions and 
triggers, although they often cannot be changed

Principle 4 Collaborative problem identification and definition of 
therapeutic goals by the therapist and patient in order to 
prevent conflicting goals or unrealistic expectations

CBT is goal-oriented The problem is the starting point for the therapy
The solution of the problem is the envisioned goal and the 
sufficient reason for completing the therapy

Principal 5 Active participation of the patient as a sufficient condition: 
motivation of the patient to actively attempt new behavior 
and experiences as well as problem-solving strategies

CBT is action-oriented

Principle 6 Generalization of the achieved changes to the patient’s 
everyday life (beyond of the therapeutic setting)

CBT is not limited to a specific 
setting

Encouraging patients to test and practice new strategies 
between the treatment sessions
Successful coping of the condition without therapeutic 
support as a treatment gain

Principle 7 Explaining the disorder and therapy increases problem- 
solving skills and acceptance and thus promotes adherence as 
well as relapse prevention

CBT is transparent

Principle 8 Improving general problem-solving and learning new 
self-help skills in order to analyze and cope with future 
problems autonomously without therapist guidance

CBT should be help for 
self-help
Principle 9 Ensuring a constant empirical evaluation and progress of 

theoretical concepts and practical methodsCBT strives for constant 
advancement

Note: The principles were adapted and modified from Margraf ([34], pp. 6–7)
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While therapist-guided iCBT programs usually include structured self-help contents 
and scheduled therapist feedback, for example, via text messages or telephone con-
tact, modern self-guided iCBT programs for anxiety disorders often provide some 
degree of support such as automated messages, reminders, or feedback on demand 
(c.f. [42, 45, 46]). Another promising approach is blended care, which combines the 
strengths of face-to-face and Internet-based treatments. In a systematic review of 44 
studies, Erbe et al. [47] identified 8 studies targeting blended interventions for anxi-
ety disorders. Different models of blended care were identified: integrated blended 
care interventions with either face-to-face or Internet focus and sequential blended 
intervention starting with either face-to-face or Internet-based sessions [47].

 Efficacy of CBT for Anxiety Disorders

 Efficacy of Traditional CBT for Anxiety Disorders
Reviews of meta-analyses on the efficacy of CBT in various mental health problems 
[4, 48, 49] demonstrated a strong evidence base for anxiety disorders. For example, 
a review of 16 meta-analyses by Butler et al. [48] indicated large effect sizes of CBT 
in the treatment of panic disorder (PD) with or without agoraphobia, social anxiety 
disorder (SAD), and generalized anxiety disorder (GAD). The more recent review by 
Hofmann et al. [4] identified 269 meta-analyses and reviewed of representative sam-
ple of 106 meta-analyses of CBT for different common mental health problems (pub-
lished since 2000); regarding DSM-V anxiety disorders, they found at least moderate 
effect sizes for SAD and PD. Another review of meta-analyses [49] on CBT for anxi-
ety disorders showed that CBT also outperformed both waitlist controls and placebo 
controls, the latter indicating specific effects of CBT. This is in accordance with a 
recent meta-analysis of randomized controlled trials (RCTs) by Carpenter et al. [33] 
that confirmed the efficacy of CBT for different anxiety disorders compared to pla-
cebo control conditions (g = 0.56). Meta-analytic evidence indicates that the combi-
nation of cognitive and behavioral therapy approaches is generally effective in 
treating different anxiety disorders, but in some conditions, pure cognitive or behav-
ioral therapy can work as well [38]. For instance, a meta- analytic review by Norton 
and Price [50] of 108 trials indicated that different treatment components of CBT 
(i.e., cognitive therapy and exposure therapy alone or in combination, or both com-
bined with applied relaxation training) showed a comparable efficacy across differ-
ent anxiety disorders. However, a meta-analysis by Bandelow et al. [2] found higher 
effect sizes for combined CBT and pharmacotherapy (d = 2.12) as for individual 
CBT/exposure (d = 1.30) and group CBT (d = 1.22). Generally, pharmacotherapy 
achieved higher effect sizes and gains in shorter time than psychological treatments, 
but given the potential side effects of medication and the potentially more sustainable 
effects of CBT, the authors suggest to make the decisions on choosing psychotherapy, 
pharmacotherapy, or a combination of both based on patients’ preferences [2]. 
However, it has been also argued that there are no substantial and sustainable treatment 
benefits of combining pharmacotherapy with CBT and that there may be interference 
effects given the prerequisite of arousal to achieve successful fear exposure [51]. 
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Nonetheless, CBT appears at least superior in the treatment of anxiety disorders 
compared to other psychotherapeutic approaches [52]. Furthermore, a meta-analysis 
of 11 trials by Reinholt and Krogh [53] suggested the efficacy of transdiagnostic 
CBT for anxiety disorders with moderate effect sizes, but the authors report a large 
heterogeneity and risk of bias on the study level.

 Efficacy of iCBT for Anxiety Disorders
Over the past two decades, an exponentially growing number of RCTs suggest the 
efficacy of iCBT programs in treating anxiety disorders [54–57]. Moreover, iCBT 
can achieve comparable short-term effects in anxiety disorders like individual and 
group CBT [54, 58–60]. Therapist guidance appears to be an important active ingre-
dient of iCBT programs for anxiety disorders in terms of improved symptom sever-
ity and adherence in comparison to unguided interventions [61]. In a meta-analysis 
of 38 RCTs (3214 participants) on therapist-guided iCBT for DSM-IV anxiety dis-
orders, Olthuis et al. [31] found preliminary evidence for clinically relevant improve-
ments in anxiety at posttreatment, favoring therapist-guided iCBT over passive and 
active control condition groups. Interestingly, there is currently no evidence from 
RCTs indicating the impact of therapist qualification on the efficacy of guided self- 
help iCBT programs [45, 59, 61]. Furthermore, in studies both therapist-guided and 
self-guided transdiagnostic iCBT programs achieve significant improvements, with 
no difference to more studied disorder-specific treatments [46, 59, 62, 63]. Regarding 
the acceptability of iCBT, a meta-analysis by Andrews et al. [54] found high rates 
of participant satisfaction, while adherence rates in iCBT for anxiety and depression 
were moderate with only 10 out of 50 trials reporting an adherence rate lower than 
50% (range 6–100%). There is also evidence that iCBT can be effectively imple-
mented into routine care settings [64] and provided as blended interventions [47].

Concerning exposure-based approaches transferred to VR, a review paper by 
Maples-Keller et al. [65] found preliminary evidence for its efficacy, for instance, 
for specific phobia, PD with or without agoraphobia, SAD, and GAD, but more 
research is needed to derive definitive conclusions about the comparability with 
in vivo exposure. In a systematic review, Sucala et al. [66] found a high discrepancy 
between the number of commercial apps for anxiety and the evidence for their effi-
cacy and effectiveness: only 3.8% of the 52 reviewed apps have been rigorously 
tested. In line with this, a review by van Ameringen et al. [67] confirmed that the 
few existing clinically tested apps for anxiety are usually not publicly available.

 Specific Efficacy of CBT for Different Anxiety Disorders

 CBT for Specific Phobia

 Rationale of CBT for Specific Phobia
The DSM-V [68] classifies four subtypes of specific phobias, including animals 
(e.g., spiders), natural environments (e.g., fear of heights), blood-injection-injury, 
and situations (e.g., fear of flying), while the fifth “other” category includes 
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unclassified phobias. Phobias are maintained through avoiding the feared stimulus. 
Specific phobias are common mental health problems that can be easily and best 
treated with exposure-based therapies [69]. Current treatments for specific phobias 
include exposure approaches such as in vivo exposure, systematic desensitization, 
imaginal exposure, and VR or computer-assisted exposure, whereas cognitive ther-
apy is considered as an alternative approach to exposure [39].

 Efficacy of Traditional CBT for Specific Phobia
The treatment of specific phobia focuses on behavioral strategies. For instance, 
in vivo exposure is recommended for adults with high fear of needles, while non-in 
vivo types may be an alternative for people who are not willing to undergo in vivo 
exposure [70, 71]. A meta-analysis of 16 studies on treatments for acrophobia (fear 
of heights) by Arroll et  al. [72] indicated that a wide range of therapies such as 
desensitization, in vivo exposure, and VR are effective for acrophobia only in the 
short term. A comprehensive review of short-term and long-term efficacy studies 
(published between 1960 and 2005) by Choy et al. [73] indicated that the efficacy 
of different treatments varied between the phobia subtypes: in vivo exposure was 
found to be a robust treatment in most phobias, but is associated with high attrition 
and poorer treatment acceptance than systematic desensitization; cognitive therapy 
was identified to be most effective in claustrophobia; preliminary evidence suggests 
VR as a promising approach for flying and height phobia, whereas applied tension 
was found to work best for blood-injury phobia.

However, another meta-analysis by Wolitzky-Taylor et al. [39] could not confirm 
the assumption that certain subtypes of specific phobia respond more favorably to 
specific cognitive or behavioral treatments. Wolitzky-Taylor et al. [39] analyzed 33 
RCTs and found that most (88%) used an exposure-based treatment. At posttreat-
ment, exposure treatments (18 studies) were more effective (with large effect sizes) 
than waiting list (behavioral measures, d  =  1.00; questionnaires, d  =  1.16). The 
effect sizes were moderate when exposure treatments were compared to a placebo 
treatment in five studies (behavioral measures, d = 0.42; questionnaires, d = 0.61). 
The effects were increased at the follow-up, favoring exposure (d = 0.68). Compared 
to non-exposure treatments, exposure treatments led to significantly higher  
improvements at post- and follow-up-assessments with moderate effect sizes. 
Another interesting finding of this meta-analysis [39] was that only the treatment 
length (i.e., more improvements after multiple sessions versus one-session exposure)  
was identified as a significant predictor of outcome, but the authors mentioned the 
small number of studies for comparisons as a limitation.

 Efficacy of iCBT for Specific Phobia
Little iCBT research has focused on specific phobia. Animal phobia is usually 
treated with exposure-based treatments, but there are few pilot studies on Internet- 
based self-help interventions. For example, a RCT by Andersson et al. [74] com-
pared a 5-week guided Internet-based self-help program for spider phobia with 
one-session live-exposure treatment in 30 patients. While no differences in anxiety 
measures were found between the groups at post- and follow-up assessments, 
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significant improvements in the Behavioral Approach Test (BAT) were less in the 
Internet group (46.2%) than in the live- exposure group (85.7%) at posttreatment. In 
another study with 30 snake phobic patients, Andersson et al. [75] found that 61.5% 
of the group receiving guided Internet-based treatment and 84.6% of the one-ses-
sion exposure group achieved a clinically significant improvement on the BAT at 
posttreatment – again, the within- group effect sizes were large for both groups, but 
higher in the live-exposure group (d = 2.31) than in the Internet group (d = 1.63).

Flying phobia is a common situational phobia. Over a decade ago, a review of 40 
studies by da Costa et al. [76] indicated the efficacy of VR exposure to flying with 
or without additional CBT components or psychoeducation, but they suggest to 
combine VR exposure with cognitive therapy elements. In a recent study, 46 patients 
with flying phobia received “NO-FEAR Airlines” [77] either with (n = 23) or with-
out (n = 23) therapist guidance in a RCT by Campos et al. [78] that showed that 
completers in both groups (n = 33, attrition rate of 28.26%) reported positive expec-
tations, satisfaction, opinions, and usability ratings, but participants in general pre-
ferred the therapist-guided condition.

 CBT for Panic Disorder and Agoraphobia

 Rationale of CBT for Panic Disorder and Agoraphobia
PD is characterized by recurrent panic attacks that occur frequently, involving per-
sistent worries about future panic attacks and their personal costs, and maladaptive 
behavior [3, 79]. According to Clark’s cognitive model of panic [80], panic attacks 
are the result of catastrophic misinterpretation of specific bodily sensations. These 
patterns contribute to preserving the vicious cycle of recurrent panic attacks [3]. 
There is a high comorbidity of PD with agoraphobia [2]. Both are associated with 
anticipated panic attacks and subsequent safety or avoidance behavior. Agoraphobia- 
specific situations are difficult or embarrassing and characterized by absent possi-
bility of immediate escape and being alone or outside of the safety zone [81]. 
Although PD and agoraphobia are unconnected in the DSM-V [82], treatment 
protocols often combine both, whereas the treatment of agoraphobia puts more 
emphasis on exposure-based techniques [81].

Casey et  al. [83] proposed an integrated cognitive model according to which 
catastrophic misinterpretations and panic-related self-efficacy beliefs independently 
contribute to cognitions involved in the maintenance of recurrent panic attacks. 
CBT can help breaking the persistent cycle of anticipatory anxiety, panic, and ago-
raphobic avoidance behavior by educating patients about PD and by helping them 
to cultivate more adaptive cognitive and behavioral strategies to address the fear of 
panic attacks [84]. In order to eliminate catastrophic misinterpretations in PD and 
agoraphobia, education, cognitive techniques, interoceptive exposure (bodily sensa-
tions in PD), in vivo exposure (agoraphobic situations), and training of coping skills 
have been proven to be effective techniques [38].
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 Efficacy of Traditional CBT for Panic Disorder With or 
Without Agoraphobia
For PD, CBT and pharmacotherapy are considered as first-line treatments [85, 86]. 
In RCTs, CBT achieves rates of 85% panic-free patients at posttreatment [87]. 
However, about one-third of treated patients continue to suffer from treatment- 
resistant panic attacks [88]. In a meta-analysis by Pompoli et al. [89], CBT was the 
most studied psychological treatment for PD with or without agoraphobia and often 
associated with a greater treatment response when compared to other psychological 
treatments, albeit with small effect sizes. Another meta-analysis by Carpenter et al. 
[33] also showed small effect sizes of CBT for PD when compared to placebo con-
trols (g = 0.39), which is in accordance with an earlier meta-analysis ([90], g = 0.35). 
A meta-analysis by Ougrin [91] of different CBT components showed no difference 
in the efficacy between cognitive therapy and exposure in the treatment of PD with 
or without agoraphobia (seven studies). This is in line with a component network 
meta-analysis by Pompoli et al. [92] that indicated that effective CBT programs for 
PD should include both face-to-face and interoceptive exposure components, while 
muscle relaxation and VR exposure showed no additional benefit. In addition, there 
is preliminary evidence that brief CBT for PD is an effective treatment option [93]. 
Regarding mediators and moderators of outcome, a systematic review of 52 papers 
by Porter et al. [94] identified agoraphobic avoidance as an important negative pre-
dictor of improvement in CBT for PD with or without agoraphobia. However, more 
research is needed to clarify the benefits of CBT in combination with pharmaco-
therapy on the long run for patients with treatment- resistant PD [88]. In addition, 
another systematic review of 16 studies by Imai et al. [95] could not identify clear 
benefits of psychological or pharmaceutical therapies over the other, which, how-
ever, may be due to methodological shortcomings on the study level.

 Efficacy of iCBT for Panic Disorder With or Without Agoraphobia
A recent review [96] of eight RCTs on Internet-delivered psychological treatments  
(7 RCTs on iCBT, 1 RCT on iACT) for PD indicated the effectiveness of both 
disorder- specific and transdiagnostic iCBT approaches and different support formats 
(guided vs. unguided) in reducing the symptoms of PD. Attrition (9.8–42.1%) and 
adherence rates (7.8–75%) were moderate to high, while participant satisfaction of 
intervention completers was overall high (five studies) [96]. These findings are in 
line with other reviews and meta-analyses showing the efficacy of different formats 
of iCBT for anxiety disorders, including PD [54, 97–101]. In a meta-analysis by 
Andrews et al. [54], iCBT yielded a large combined effect size (g = 1.31) in the treat-
ment of PD (12 studies) in comparison to control conditions. There are also pilot 
studies on PD showing the effectiveness of iCBT in routine care settings (c.f. [102, 
103]), the feasibility of blended CBT (c.f. [104]), and comparable outcomes to face-
to-face CBT (c.f. [105]). Regarding the helpfulness of mobile apps, a RCT by 
Christoforou et al. [106] with 170 people suffering from agoraphobia indicated the 
efficacy of both a disorder-specific app (“Agoraphobia Free”) and a transdiagnostic 
app (“Stress Free”) on the symptom severity at posttreatment. To date, there are only 
few scientifically tested apps available. The potential of publicly available apps for 
PD and agoraphobia developed outside of clinical studies is largely unclear.  
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For instance, a study on the quality of 52 Android apps for PD by van Singer et al. 
[107] revealed a poor content quality and capability to foster self-help of PD smart-
phone apps.

 CBT for Social Anxiety Disorder

 Rationale of CBT for Social Anxiety Disorder
SAD is characterized by excessive and persistent fear related to social situations in 
terms of performance as well as social interactions and has often a chronic course 
[81]. Cognitive behavioral models assume that people with SAD see themselves as 
they think others would see them, but in a highly distorted negative way. Furthermore, 
they become hypervigilant to social threats and tend to not pay attention to what is 
actually happening in the social situation [108]. Hofmann [109] suggested a 
comprehensive psychological maintenance model of SAD: Social worry is related to 
unrealistic social standards and goals. In challenging social situations, people with 
SAD tend to focus their attention toward their anxiety and negative self-perceptions. 
They overestimate the negative consequences and believe to have poor control over 
their emotional response as well as insufficient social skills for successful coping.  
As a maladaptive coping strategy, people with SAD manifest avoidance and safety 
behaviors to avoid negative social outcomes, which contribute to rumination and 
anticipatory social worry [109]. Taken together, Hofmann [110] identified negative 
cognitive appraisal (estimated social costs), perceived self-efficacy (perceived social 
skills), and perceived emotional control as potential mediators in the CBT treatment 
of SAD. Therapeutic strategies for SAD commonly include multiple techniques such 
as exposure, cognitive restructuring, social skills training, and applied tension [81].

 Efficacy of Traditional CBT for Social Anxiety Disorder
Currently, CBT represents the most effective psychological treatment for SAD, with 
more enduring effects than pharmacotherapy [111]. For instance, a meta-analysis by 
Gould et  al. [112] demonstrated that exposure-based interventions achieved the 
largest effect size, whether alone (effect size = 0.89) or combined with cognitive 
restructuring (effect size = 0.80). A network meta-analysis by Mayo-Wilson et al. 
[113] showed that different formats of psychological interventions were effective 
when compared to waitlist controls, including individual CBT, group CBT, expo-
sure, social skills training, and self-help interventions with or without support. 
Generally, CBT interventions for SAD achieve larger effects when they are com-
pared to a passive control condition and not to active controls [114]. A meta-analy-
sis by Carpenter et al. [33] revealed a small-to- moderate effect size of CBT for SAD 
versus placebo controls (g = 0.41). A previous meta- analysis [90] found a moderate 
effect size (g  =  0.62) of CBT for anxiety disorders when compared to placebo-
controlled trials. Concerning the relative efficacy of different components of CBT 
for SAD, the aforementioned meta-analysis by Ougrin [91] indicated a statistically 
significant difference (three studies), favoring cognitive therapy over exposure in 
social phobia outcomes in both the short and long term.
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 Efficacy of iCBT for Social Anxiety Disorder
A meta-analysis by Andrews et al. [54] showed a large effect size (g = 0.92) for 
iCBT for SAD (11 studies) when compared to a control condition. Kampmann et al. 
[115] performed a meta-analysis of 37 RCTs (2,991 participants) on different types 
of technology-assisted psychological interventions for SAD with 21 trials of 
iCBT. They showed that iCBT was effective in treating SAD symptoms when com-
pared to both passive controls (g  =  0.84) and, albeit with less advantage, when 
compared to active controls (g = 0.38) [115]. This finding is in line with a previous 
review on iCBT for SAD by Boettcher et al. [116]. Transdiagnostic iCBT for SAD 
and comorbid disorders has also been shown to be effective (c.f. [62]). Furthermore, 
two meta-analyses (with six and seven studies) by Cesham et al. [117] indicated the 
usefulness of VR exposure therapy in reducing the symptoms of SAD. Apps may 
represent another useful tool to promote self-help activities. In a systematic a sys-
tematic search across the main app stores, Alyami et al. [118] identified 38 eligible 
apps (60% focused solely on social anxiety). However, they critically critically noted 
lacking information on the content source or organizational affiliations in the apps as 
well as on the evidence base for these apps. Stolz et al. [119] showed the efficacy of 
both a guided 12-week computer-delivered (d = 0.74) and app-delivered self-help 
iCBT program (d = 0.89) compared to a waiting-list control group among 150 people 
with SAD, with no difference between the treatment arms (d = 0.07).

 CBT for Generalized Anxiety Disorder

 Rationale of CBT for Generalized Anxiety Disorder
Excessive worry and internal avoidance strategies are core features for the mainte-
nance of GAD. Theoretical models that can be applied to CBT-based treatments of 
GAD involve, for instance, the cognitive model of GAD [18], the cognitive model 
of pathological worry [120], the avoidance model of worry in GAD [121], and the 
contrast avoidance model [122, 123]. Worry is negatively reinforced by avoiding 
experience with the aversive stimulus as well as dysfunctional positive beliefs (e.g., 
that worry is useful for problem-solving when these expected negative events do not 
occur in the future) [124]. The intolerance of uncertainty model (IUM [125]) is 
another theory for the maintenance of GAD. The IUM proposes four mechanisms of 
intolerance of uncertainty (IU) in terms of a cognitive vulnerability and potentially 
a key mediator for reducing worry, positive worry beliefs, cognitive avoidance, and 
negative orientation. Several cognitive behavioral techniques can be applied to 
promote habituation and extinction learning in GAD, such as self- monitoring, 
self-control desensitization, and gradual stimulus control [124].

 Efficacy of Traditional CBT for Generalized Anxiety Disorder
A meta-analysis of 41 studies (2132 patients) on psychological treatments for GAD 
by Cuijpers et  al. [126] confirmed the efficacy of CBT on GAD and comorbid 
symptoms of depression. Most of these studies compared the effects of CBT against a 
waiting-list control condition. With 28 of the included studies, Cuijpers et al. [126] 
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found a large pooled effect size (g = 0.84) in the 38 comparisons of psychotherapy 
versus a control group for GAD (with low-to-moderate heterogeneity). The effect 
sizes for individual therapy (g  =  0.80, 23 studies) and group format (g  =  0.70, 8 
studies) were comparable: CBT (g = 0.90, 28 studies) and behavioral therapy only 
(g = 0.57, 3 studies) were effective in reducing GAD symptoms [126]. Furthermore, a 
meta-analysis of 14 RCTs of CBT for GAD in older adults by Hall et  al. [127] 
indicated a superiority of CBT over no treatment and treatment as usual (TAU) at 
posttreatment and 6-month follow-up. However, both meta-analyses [126, 127] iden-
tified a research gap concerning the advantage of CBT compared to active controls or 
other treatments and the long-term assessment of CBT in GAD, which is important 
because of its frequently chronic course. When compared to placebo controls, a meta-
analysis by Carpenter et al. [33] revealed large effect sizes for CBT for GAD (g = 1.01), 
which was higher than in a previous meta-analysis ([90], g = 0.51).

 Efficacy of iCBT for Generalized Anxiety Disorder
Given that GAD is considered as the least successfully treated anxiety disorder in 
routine care, novel strategies such as iCBT may represent a promising way. 
Preliminary results from therapist-guided iCBT have yielded large effect sizes up to 
2 years follow-up, when analyzing the data of completers [128]. A meta-analysis by 
Andrews et al. [54] showed a moderate effect size (g = 0.70) for iCBT for GAD 
(nine studies) when compared to a control condition. In a meta-analysis by Cuijpers 
et al. [126] on psychological treatments for GAD, Internet-based self-help therapies 
(seven studies) achieved a large effect size (g = 1.05). An example for the use of 
iCBT in GAD in clinical practice is a study by Mewton et al. [129] in which they 
found moderate-to-large effect sizes on different outcomes among program 
completers. However, only half (55.1%) of the included 588 patients completed the 
entire six-lesson program. Another example is a RCT by Jones et  al. [130] with 
older people with GAD in which they compared the effects of a guided iCBT pro-
gram (n = 24) with a waiting-list control condition (n = 22) and found large effect 
sizes favoring iCBT (d = 0.85–1.17) at the posttreatment.

 “New Wave” of CBT: Mindfulness and Acceptance-Based 
Approaches for the Treatment of Anxiety Disorders in Adults

 Mindfulness-Based Interventions

In recent years, clinicians have expressed a growing interest toward integrating 
mindfulness-based techniques into their therapeutic practice. Therefore, it appears 
important to raise the understanding of the nature of mindful meditation and the 
applications as well as limitations of MBIs [131].

Kabat-Zinn [13] defines mindfulness as “…the awareness that emerges through 
paying attention on purpose, in the present moment, and nonjudgmentally to the 
unfolding of experience moment by moment” [13], p.  145). Bishop et  al. [132] 
operationalize “… mindfulness as a process or regulating attention in order to bring 
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a quality of nonelaborative awareness to current experience and a quality of relating 
to one’s experience within an orientation of curiosity, experiential openness, and 
acceptance” ([132], p.  234). Bishop et  al. [132] assume that two processes are 
involved in the training of mindfulness: the regulation of mindfulness at the present 
moment and an orientation to the experience within daily activities. Teasdale et al. 
[133] understand mindfulness as a generic skill that can be practiced in everyday 
experience across different situations and propose mindfulness training as a way to 
make people fully aware of their thoughts and feelings, regardless of the evaluation 
of these experiences (e.g., as unpleasant). “Mindfulness training appears to be asso-
ciated with a reduction in the tendency to ‘float away’ into ruminative, elaborative 
thoughts throughout streams. (…)” ([133], p.  34). Consequently, rumination and 
worry (past and future orientation vs. awareness of the “here and now”) are com-
monly proposed mechanisms of action in the treatment of depression and anxiety in 
MBIs [134]. MBIs aim at fostering the skill of decentering (similar to distancing in 
CBT), acceptance, increased exposure to cognitions and feelings, greater self- 
awareness, self-motivation, and reduced autonomic arousal [135].

Shapiro et  al. [136] postulated that manifold mechanisms enable behavior 
changes in MBIs, such as self-regulation, values clarification, cognitive behavioral 
flexibility, and exposure. There are different MBI programs available for health 
problems, such as chronic pain, smoking cessation, substance abuse, and recurrent 
MDD [137]. Like MBSR and MBCT, ACT has Buddhists roots (Fig. 17.1).

MBIs have usually 8-week duration with 2 h of face-to-face group training plus 
home exercises and homework. All MBIs start from the premise that it is mandatory 
to develop mindfulness systematically through regular practice in daily life [13]. 
Preliminary evidence also indicates that mindfulness skills can be effectively trained 
using self-help interventions [27]. MBIs are usually embedded in a broader thera-
peutic framework (multifaceted interventions), but a recent meta-analysis of 18 
studies has shown that even stand-alone mindfulness exercises can work for the 
reduction of anxiety, with small-to-medium effect sizes [139]. Mindful exposure 

Fig. 17.1 Mindfulness-based intervention types: Subsumption of MBSR, MBCT, and 
ACT. Abbreviations: DBT (dialectic behavioral therapy), MBSR (mindfulness-based stress reduc-
tion), ACT (acceptance commitment therapy), MBCT (mindfulness-based cognitive therapy), 
MB-EAT (MBSR for anxiety and eating disorders), MBRE (mindfulness-based relationship 
enhancement), and MBCP (mindfulness-based childbirth and parenting). (Modified and translated 
from Michalak et al. [138], p. 12)
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combining mindfulness practice with exposure procedures might be an approach to 
promote extinction learning in anxiety disorders [140], but interestingly there are 
only few pilot studies on this method (e.g., [141]).

Contraindications for MBIs have been rarely reported [134]. Common adverse 
events of MBIs involve agitation and discomfort during formal meditation exercises 
in mindfulness trainings [142]. Furthermore, anecdotal evidence suggests that 
increased distress and rumination are common side effects of mindfulness trainings 
[134]. However, although there are only few empirical studies reporting severe 
adverse effects and contraindications of MBSR and MBCT, it appears plausible that 
people suffering from some types of severe mental illnesses can have harmful expe-
riences while practicing meditation and should receive other treatments [143]. 
Farias and Wikholm [144] raised concerns about the under-researched “dark side of 
meditation” that involves individuals who may suffer from a number of moderate- 
to- severe adverse events, including exercitations in emotional problems, anxiety, 
depression, psychosis, and confrontation with contents related to childhood trauma 
during mindfulness practice. Therefore, for vulnerable patients it is vital that MM is 
part of a therapeutic context in order to address these events, which is not possible 
in a group setting without a therapist or in home practice [144].

 Mindfulness-Based Cognitive Therapy

MBCT adds cognitive therapy elements for disorder-specific treatments to MBSR 
and is thus a direct extension of CBT [9]. Traditional face-to-face MBSR and MBCT 
share the 8-week group format as well as most mindful meditation components, 
such as sitting meditation, body scan, and hatha yoga. Additionally, MBCT includes 
disorder-specific psychoeducation [145]. Based on attentional control training 
[133], MBCT was developed by Segal et al. [15] as a specific MBI for the relapse 
prevention of recurrent MDD [29]. The aim of MBCT is to learn controlling the 
shift between unfocused attention (autopilot modus) and focused attention (mind-
fulness) in daily activities [133]. The mechanisms of change in MBCT are explained 
based on the cognitive vulnerability model, stating that repeated automated negative 
thoughts become associated with the depressed state that triggers and increases the 
risk of relapse with each new depressive episode [29, 133, 146].

In contrast to CBT, MBCT aims to foster the awareness regarding the personal 
relationships to own thoughts and feelings (meta-cognitive level) and not regarding 
the change of the content of thoughts [147]. The traditional 8-week course structure 
of MBCT, with about 2-hour training per week, involves several formal and infor-
mal MM practices: while early sessions have a greater scope on guided meditations 
in order to bring attention to breathing and bodily sensations, later sessions focus 
more on the development and cultivation of independent practice and mindful 
awareness to emotional and cognitive events. Participants are encouraged to spend 
at least 45 min per day with practicing mindful activities [147]. It is important to 
regularly practice mindfulness outside the group setting. For instance, Parsons et al. 
[148] showed a significant relationship between the home practice of MBCT and 
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mental health outcomes. The proposed mechanisms of change in MBIs like MBCT 
involve, for instance, mindfulness [149, 150], compassion [150], meta-cognitive 
awareness [150], reactivity/emotion regulation [151], rumination [134, 149–152], 
and worry [134, 151, 152].

 MBCT for Anxiety Disorders
According to Sipe and Eisendrath [147], there is a strong theoretical rationale for 
applying MBCT to anxiety disorders that was initially developed for MDD relapse 
prevention [147]: worry as future orientation in anxiety disorders that results in the 
avoidance of unpleasant outcomes can be addressed with moment-to-moment 
awareness. MBCT protocols have been adapted to treat comorbidity in anxiety dis-
orders (transdiagnostic, c.f. [153]) and for the disorder-specific treatment of GAD 
(c.f. [154]), SAD (c.f., [155]), and PD (c.f. [156]). Elements of cognitive therapy 
and psychoeducation are disorder-specific for anxiety disorders, but, as outlined 
above, MBCT differs from CBT in distinctive ways: for instance, MBCT promotes 
being with unpleasant states and encourages viewing thoughts as thoughts not as 
facts (or dysfunctional thoughts), noticing and allowing thoughts without changing 
or avoiding them (not challenging them), and developing a nonjudgmental moment- 
to- moment awareness (not on reinforcing more adaptive responses) [147].

 Efficacy of MBCT and Related Approaches for Anxiety Disorders
For different health-related conditions, Khoury et al. [28] identified moderate effect 
sizes (g = 0.53) of MBIs when compared to waitlist control conditions in a meta- 
analysis of 209 studies (n  =  12,145 participants). Concerning anxiety disorders, 
preliminary evidence suggests that MBIs can produce short-term treatment effects 
comparable to traditional CBT [9, 30]. MBIs demonstrated to be efficacious in 
reducing the symptoms of anxiety in clinical and healthy populations [25, 28, 30].

A meta-analysis of 39 studies (1,140 participants) by Hofmann et al. [30] found 
that MBIs were moderately effective at reducing symptoms of anxiety (g = 0.63) in 
clinical samples with medical and psychiatric conditions. These effect sizes are sig-
nificantly larger than the effect sizes of psychological placebo conditions in RCTs 
targeting anxiety disorders (g = 0.45). MBIs demonstrated to be most effective in 
reducing anxiety among patients with anxiety disorders (g = 0.97), across a wide 
range of severity levels and patient populations. The moderate effect sizes for MBIs 
on anxiety symptoms are in line with another meta-analysis by Goyal et al. [157]. 
However, another meta-analysis of 12 RCTs on MBIs for people with a current 
episode of an anxiety or mood disorder by Strauss et al. [158] showed no significant 
benefit of MBIs in terms of anxiety severity (g = −0.55) compared to passive and 
active control groups, while at least MBCT was found being more effective than 
MBSR for anxiety severity. In a meta-analysis of 19 studies on mindfulness- and 
acceptance-based interventions (MABIs), Vøllestad et al. [159] found a large effect 
size (g = 0.83) for anxiety symptoms in controlled trials, with robust reductions of 
both anxiety and comorbid depressive symptoms. In a meta-analysis of transdiag-
nostic treatments, Newby et al. [160] showed that CBT and MABIs were both effec-
tive in reducing anxiety, but CBT had a higher effect size (g = 0.88, 40 studies) than 
MABIs (g = 0.61, 7 studies).
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To date, there is support from a small number of mainly pilot studies for the 
efficacy of MBCT in anxiety disorders [161]. Currently, the best evidence for 
MBCT exists for the relapse prevention of recurrent MDD [162–164]. In addition, 
MBCT for anxiety disorders is often applied in addition to pharmacotherapy [165, 
166]. Principally, MBSR and MBCT can help to significantly reduce the symptoms 
of anxiety in different medical conditions, such as pain disorders, diabetes, chronic 
fatigue, heart disease, and cancer [30]. For instance, a meta-analysis by Zhang et al. 
[167] on the efficacy of MBIs for cancer patients confirmed positive effects regard-
ing the reduction of anxiety symptoms. There is also meta-analytic evidence that 
MBSR and MBCT can reduce anxiety in people with vascular disease [168]. 
Additionally, adults with intellectual disabilities with anxiety may also benefit from 
adapted briefer MBCT programs, which can be cognitively less demanding than 
pure CBT [169]. Furthermore, there are pilot studies suggesting positive effects of 
MBCT in reducing anxiety symptoms in elderly (e.g., [170, 171]), insomnic patients 
[172], pregnant women [173, 174], and women with postpartum depression and 
anxiety undergoing pharmacotherapy [175] as well as in health/illness anxiety 
(hypochondriasis) [176–179]. According to a systematic review by Xie et al. [145], 
MBCT can be recommended for patients with anxiety in the context of rehabilita-
tion or for the long-term improvement of subjective quality of life.

Given that several review articles report heterogeneity regarding the outcome 
assessment, types of MBIs [142], populations, and evaluation conditions [9], it 
appears important to take a deeper look at the effects of MBCT for anxiety disorders 
in order to derive disorder-specific recommendations for clinical practice and 
research.

 Specific Efficacy of MBCT and Related Approaches for Different 
Anxiety Disorders

 MCBT for Specific Phobia
In contrast to exposure therapy [3, 81], there is a scarcity of studies on the application 
of MBCT for specific phobias. Techniques from MBIs such as focused attention can 
help to become aware of phobic thoughts and feelings at the present moment and 
foster emotion regulation strategies and exposure. Specific phobias and their nega-
tive impact are highly heterogeneous [81]. For instance, fear of flying can become 
impairing when it begins to affect people’s lives (e.g., when the new job requires 
someone to travel by airplane) [81]. Clark and Rock [180] suggested that trait mind-
fulness may be a protective factor against flying anxiety, given that a nonjudgmental 
and accepting attitude (i.e., decentering stance) can serve as a coping strategy during 
flying. In line with this, a study by Arch and Craske [181] with 90 anxious or non-
anxious people indicated a moderating role of trait mindfulness in terms of diminish-
ing effects in response to laboratory stressors.

Few interventional studies include at least elements of mindful meditation, such 
as mindful breathing and focused attention training in specific phobias. For exam-
ple, Hooper et al. [182] allocated 60 spider fearful students to 3 groups receiving 
either focused attention (mindful breathing exercise), thought suppression, or 
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unfocused attention prior to exposing them to the BAT. They showed that partici-
pants exposed to focused attention (mindfulness) induction were more likely to 
approach a spider post-induction than the other groups showing more avoidance 
behavior and anxiety [182].

 MCBT for Panic Disorder and Agoraphobia
People with PD become hypervigilant to bodily sensations and contextual details 
related to their panic attacks and often try to reduce their worries by seeking reas-
surance that causes of their physical symptoms are of medical nature [1, 3]. 
Intolerance of uncertainty (IU) has been suggested to be a key contributor of fear 
and avoidance related to panic attacks [183]. Uncertainty regarding bodily sensa-
tions and the occurrence of panic attacks is associated with anticipatory anxiety and 
the development of avoidance behavior, resulting in a self-perpetuating cycle in 
which bodily sensations induce catastrophic misinterpretations [184]. MBIs can be 
seen as a novel approach to improve the adherence to treatment and long-term out-
comes in PD [185]. MBCT can help patients with PD to become more aware of their 
thoughts (from a decentering stance), to effectively deal with catastrophizing misin-
terpretations using mindfulness techniques (e.g., attention to physical sensations 
using breathing exercises), and to better tolerate uncertainties or accept misbeliefs 
without judgment or elaboration [184].

There are few, mainly pilot studies on MBCT for PD. For instance, a study by 
Sado et al. [153] showed the feasibility of an adapted MBCT program for anxiety 
disorders in Japanese patients with PD or SAD. Another study by MK Kim et al. 
[184] demonstrated positive effects of a 8-week MBCT on IU in patients with PD 
taking medication. In their study with 69 patients with PD, they found significant 
decreases of IU and PD severity, which were correlated [184]. In another study, B 
Kim et al. [186] investigated predictors of outcomes of 8-week MBCT among 65 
PD patients. They found that a comorbid personality disorder was significantly 
related to MBCT non-completion, whereas improvements of anxiety sensitivity 
were associated with treatment response and PD remission after completing the 
course. As an adjuvant to pharmacotherapy, YW Kim et  al. [187] allocated 46 
patients with PD or GAD for 8 weeks either to MBCT or psychoeducation. Patients 
receiving MBCT showed significantly more improvements in anxiety measures 
than patients in the active control condition [187]. However, the interoceptive com-
ponent of formal mindful exercises may provoke panic attacks. Thus, MBCT should 
be professionally guided by a trained clinician. In addition, MBCT may be contra-
indicated in some patients with PD, which should be carefully and individually 
decided by the psychotherapist.

 MBCT for Social Anxiety Disorder
SAD is often associated with residual symptoms after initially successful treatment 
using traditional CBT techniques focusing fear extinction and habituation, which 
makes the exploration of extended CBT methods like MBCT worthwhile [155]. 
People with SAD are vulnerable to bias for negative social events. MBIs can target 
cognitive reappraisal, rumination, worry, cognitive and emotional reactivity by 

J. Apolinário-Hagen et al.



309

training attention control, self-awareness, and self-regulation [188]. Hence, increasing 
mindfulness skills might be associated with positive changes in SAD symptoms [189].

MBCT may improve the awareness of daily positive events and, thereby, may 
contribute to an increased positive affect and a curiosity as well as openness toward 
emotional experiences related to social situations. Furthermore, MBCT may help 
replacing ruminative thinking patterns with mindful attention by disconnecting cog-
nitions from their emotional content [155]. There are some pilot studies that suggest 
positive effects of group MBSR [181, 188, 190, 191], MBCT [155, 192], MBCT 
plus Task Concentration Training [193], mindful exposure [194], as well as mind-
fulness and acceptance-based group therapy (MAGT) [189, 195] on SAD symp-
toms. In a recent pilot RCT on a 12-week MBI for SAD, Koszycki et  al. [194] 
combined compassion meditation and mindful exposure and indicated the feasibil-
ity of this approach. However, a systematic review by Norton et  al. [196] of 9 
MABIs for SAD suggests that the evidence base is not sufficient to recommend 
MBSR or MBCT as an alternative to the first-line treatment with CBT [197].

 MBCT for Generalized Anxiety Disorder
GAD that is characterized by pathological worries and is associated with hyper-
arousal and high rates of comorbidity, with depression, has often a chronic course 
and is the least successfully treated anxiety disorder [81, 154]. MBCT may provide 
an alternative approach to CBT. Evans [154] proposed an 8-week protocol specific 
to GAD based on the original MBCT manual for recurrent MDD [198]. As outlined 
above, MBCT aims to break the vicious cycle of negative thinking by promoting a 
decentered association between cognitions and feelings, including ruminative and 
catastrophizing thoughts [134]. Increased mindfulness may help reducing symp-
toms of GAD by fostering the meta-cognitive capacity of decentering (e.g., observe 
and accept thoughts as thoughts), which might have a positive impact on reducing 
pathological worry and rumination [199].

There are mainly uncontrolled pilot studies showing beneficial effects of MBCT 
in treating GAD (c.f. [200, 201]). Another example is “CALM Pregnancy,” a MBCT 
program that was tested in 24 pregnant women: of the 17 women with GAD, only 1 
still met the diagnosis criteria for GAD at posttreatment [202]. There are only few 
RCTs on the effectiveness of MBIs in GAD. In an 8-week RCT with 182 people 
with GAD, Wong et al. [203] showed that both MBCT and group psychoeducation 
were significantly more effective than care as usual (CAU) in reducing anxiety 
symptoms. As mentioned earlier, another RCT by YW Kim et al. [187] also showed 
the efficacy of MBCT in the adjunctive treatment of GAD and PD in patients receiv-
ing pharmacotherapy. However, due to the common combination of MBCT with 
other treatments, it is difficult to determine specific effects of MBCT.

 Internet-Based Mindfulness-Based Interventions for Anxiety
As outlined before, the therapeutic benefits of MBIs depend on regular exercises in 
daily life, which could be supported by using the Internet and modern technology 
[204]. Internet-based MBIs (iMBIs) have been suggested as a well-accepted self- help 
alternative to the traditional MBI group format (e.g., [205]). However, most iMBIs 
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have been tested in nonclinical samples like students (e.g., [206]) and have a scope on 
prevention or health promotion [207], rather than on medical conditions and anxiety 
[208]. Another difference to traditional 8-week MBIs is the development of iMBIs 
with a briefer duration (e.g., [209]). According to a review by Spijkerman et al. [32], 
iMBIs have a duration between 2 and 12 weeks and provide at least a minimal support, 
including individualized feedback and coaching by therapists. Because most of these 
studies investigate transdiagnostic therapies, the self-reported outcomes are often 
assessed with general anxiety measures in different health conditions [210].

Preliminary evidence on the efficacy of iMBIs (incl. ACT) for anxiety was shown 
by the aforementioned meta-analysis by Spijkermans et al. [32] of 15 RCTs (n = 11 
targeting anxiety) in mainly nonclinical studies; they found significant reductions of 
symptoms of anxiety, albeit with a small effect size (g = 0.22). Furthermore, adher-
ence rates varied largely between 39.5% and 92% in 6- to 8-week programs [32]. A 
recent review and meta-analysis of a wide range of 21 Internet-based third wave or 
contextual CBT treatments (e.g., MBCT, ACT, and DBT) by O’Connor et al. [211] 
indicated the efficacy and acceptability (attrition rate of 23%) of these interventions 
across different conditions in reducing anxiety compared to active controls. Another 
review by Fish et al. [212] identified ten studies on the efficacy of iMBIs, with four 
studies targeting anxiety, the two studies that tested for significant effects (see [213, 
214]) revealed positive findings for anxiety, but generally this review reported meth-
odological issues due to the early nature of iMBIs. One of these studies of higher 
quality used a transdiagnostic approach to address the high proportion of comorbid-
ity in anxiety disorders [3]: The RCT by Boettcher et al. [213] on an 8-week MBI 
for anxiety disorders with 91 patients (with SAD, GAD, PD, or an unclassified anxi-
ety disorder) revealed large effect sizes for different outcomes (d = 0.82–1.58) in the 
MBI group and when compared to an online discussion forum (d = 0.45–0.76), indi-
cating the feasibility of this stand-alone Internet-based MBI. Smartphone apps may 
provide a flexible delivery mode for MBIs, but the quality of publicly available, 
self-proclaimed mindfulness apps and their helpfulness in improving mindfulness 
skills remains overall unclear [215, 216]. To date, there are only few studies on the 
efficacy of evidence-based mindfulness apps in reducing symptoms of anxiety (e.g., 
[217]).

 Acceptance and Commitment Therapy

ACT is another treatment approach of the “third wave” of CBT [11] and was devel-
oped in 1986 by Steven C. Hayes and co-founders. Besides its connection with the 
philosophy of Buddhism, ACT is also rooted in the Relational Frame Theory (RTF) 
[218] that integrates cognition and language into a behavioral analytic framework. 
On the one hand, ACT aims to foster acceptance of unwanted thoughts and feelings 
(e.g., by discouraging experiential avoidance and cognitive fusion); on the other 
hand, ACT tries to stimulate action tendencies (moving toward value-based direc-
tions) that may contribute to an improvement in the circumstances of life [219]. 
ACT is trying to fulfill these two general goals by the following six main principles 
(Box 17.1).
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All six ACT principles lead to specific techniques such as mindfulness exercises 
that aim at increasing psychological flexibility, defined as “the ability to contact the 
present moment more fully as a human being, and to change or persist in behavior 
when doing so serves valued ends” ([16], p. 7). ACT treatments may be delivered in 
a face-to-face group setting or individually. In addition, there are mHealth interven-
tions such as the “ACT Daily” app [220] and Internet-delivered ACT (iACT) inter-
ventions for different mental health outcomes available and undergoing clinical 
testing [221].

Apart from the differences in the philosophical foundation of CBT and ACT, 
ACT techniques are still compatible with the techniques of “second wave” CBT 
interventions by adding mindfulness and acceptance of the inner experience [222] 
and may lead to an improvement of the overall treatment. However, there are 
differences in the role of cognitions and emotions between CBT and ACT [219]. In 
order to focus on the role of cognitions, it is important to know that cognitive 
processes, such as automatic thoughts and schemas about the world, the self and the 
future, are the centerpiece of the CBT. But where CBT is distinguishing between 
behaviors or actions, emotions or subjective experience, and cognitions or thought 
processes, in ACT the cognition takes the role as a private behavior [219]. In ACT, 
the content of specific thoughts is not meant to be changed. Instead, ACT encourages 
patients to accept the thought, but aims at changing the function of the thought. 
Also, the role of emotion and emotion regulation is different between CBT and 
ACT.  Both approaches target different stages in the emotion-generative process 
[219]. CBT encourages cognitive reappraisal, for instance, by exposing the patient 
to the emotional trigger. In terms of Gross’ process model of emotions [223], this 
purpose of CBT can be classified as adaptive antecedent-focused emotion regula-
tion strategy. In contrast, ACT targets acceptance as the counterpart to experiential 
avoidance, for instance, in the form of suppression or control of negative states, 
which can be classified as counteracting of maladaptive response-focusing emotion 
regulation strategies [219]. ACT assumes that the suppression of unpleasant states 

Box 17.1 The Six Main Principles of Acceptance and Commitment Therapy
 1. Defusion (lowering the impact of thoughts by creating a distance between 

the person and the cognition)
 2. Acceptance (trying to lower the threat of unpleasant feelings by accepting 

them instead of trying to control them)
 3. Contact with the present moment (training unpurposeful attention by using 

mindfulness meditation)
 4. Self-as-context (realizing that a person can observe thoughts, emotions, 

and behavior)
 5. Values (clarifying what is important to a person and how the person can 

move towards directions of a value-driven life)
 6. Committed action (committing to some action that is in line with values 

although it may cause some distress in the short term)
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results in a worsening of emotional outcomes. Antecedent-focused strategies occur 
before the emotional response takes place, whereas response-focused strategies try 
to work with the expression or experience of emotions [219].

 ACT for Anxiety Disorders

In general, the ACT approach leads to a different view on anxiety: anxiety is a col-
lection of thoughts, feelings, urges, and body sensations as well as a normal part of 
life. It is not the anxiety that has the huge impact on one’s life; it is the avoidance 
strategies to control those feelings, thoughts, urges, and body sensations that are 
feeding the anxiety. The struggle to avoid anxiety by unsuccessfully attempting to 
control it may make it a problem. ACT techniques focus on decreasing the behavior- 
regulatory function of anxiety and related cognitions [224]. Eifert and Forsyth [225] 
have developed a practitioner’s guide called “ACT for anxiety disorders” that 
focuses on anxiety disorders such as PD, GAD, and specific phobias. This guide is 
used by practitioners as well as by researchers to create and evaluate disorder- 
specific ACT treatments. One of the latter is a 12-session intervention evaluated by 
Craske et al. [226] with patients suffering from social phobia: session 1 includes 
psychoeducation, experiential exercises, and a discussion of acceptance and valued 
action, while the sessions 2 and 3 explore whether previous efforts to control anxi-
ety have worked and how some of them had led to the reduction of valued life activi-
ties as well as encouraged acceptance; sessions 4 and 5 aim to establish mindfulness, 
acceptance, and cognitive defusion; sessions 6–11 have the purpose to continue to 
deepen the practice and to understand acceptance, mindfulness, and cognitive defu-
sion. Also, these later sessions intend to lead to the clarification of values with the 
goal of increasing valued life activities. By using behavioral exposures (in vivo, 
interoceptive, and imaginal), participants are encouraged to practice mindfully 
observing and accepting anxiety and to further pursuing valued activities while 
experiencing anxiety. Session 12 is conducted as a roundup in order to summarize 
how to move forward (c.f. [225]).

 Efficacy of ACT for Anxiety Disorders

A meta-analysis of 39 RCTs on the efficacy of ACT for mental disorders and somatic 
health problems showed that ACT outperformed the waitlist (g = 0.82), the psycho-
logical placebo (g = 0.51), and the treatment as usual (g = 0.64) [227]. A meta-anal-
ysis of 19 studies on ACT for anxiety disorders indicated the efficacy of ACT at 
posttreatment, with a small-to-moderate effect size (g = 0.45) and low-to-moderate 
attrition rate (14.2% [228]). In a meta-analysis of 10 RCTs on iACT for different 
mental health outcomes by Brown et al. [221], none of the trials had an anxiety dis-
order as primary condition and, although the effect size for anxiety measures was 
significant, it did not reach the level for a small effect size (g = 0.18).
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 Specific Efficacy of ACT for Different Anxiety Disorders

 ACT for Specific Phobia
Specific phobias include phobias on a huge variety of specific objects or situations 
(e.g., flying, heights, seeing blood) but have in common that the situation or object 
almost always provokes fear or anxiety that is out of proportion and leads to avoid-
ing or enduring behavior [81]. An ACT-based treatment for specific phobias may 
follow some of the principles of ACT. For instance, the principles 5 “Values” and 6 
“Committed Action” could be applied to work on avoidance behavior and to increase 
the quality of a value-driven life. The patient is asked to commit oneself to action 
that is in line with the clarified values, such as being able to visit the grandmother 
on the 12th floor, even if it causes some distress. If someone is approaching the fear 
and working on the avoidance behavior, it is helpful to focus on the values and 
directions someone tries to achieve (e.g., being a reliable grandchild).

Only few studies have applied ACT to treat specific phobia. An example is a 
study on math anxiety. Zettle [229] treated 24 college students suffering from math 
anxiety individually for 6 weeks with either ACT (n = 12) or systematic desensitiza-
tion as the “benchmark” CBT component for specific phobia (n = 12). Only system-
atic desensitization was associated with statistically and clinically significant 
reductions in trait anxiety at posttreatment. Interestingly, the baseline levels of 
experiential avoidance were more strongly related to therapeutic change among par-
ticipants receiving ACT than in the CBT condition.

 ACT for Panic Disorder and Agoraphobia
PD is characterized by panic attacks in terms of abrupt surges of intense fear that 
might be associated with agoraphobia. Agoraphobia is related to fearing and avoid-
ing situations or places that are expected to cause panic attacks, including antici-
pated embarrassment, helplessness, and no possibility to escape [3]. The second 
ACT principle “Acceptance” may be applied for PD with or without agoraphobia by 
training to accept discomfort in panic-related or agoraphobic situations rather than 
fighting against it. Accepting to have a panic attack might actually attenuate the 
negative impact of the panic attack on someone’s life (e.g., avoidance strategies that 
may lead to an impaired social functioning). It is helpful to use the metaphor of 
quicksand to create an understanding: the more someone keeps calm in quicksand, 
the easier she or he will get out of it; if someone tries to fight against quicksand, she 
or he panics, moves quickly, and the deeper he or she sinks into it.

There are pilot studies on the efficacy of ACT in PD with or without agorapho-
bia. Gloster et al. [230] conducted a RCT on an eight-session ACT with 43 patients 
with primary treatment-resistant PD and/or agoraphobia. The patients were allo-
cated to three groups: immediate 4-week ACT treatment (n = 33) or a 4-week wait-
ing list (n = 10), of which n = 8 received a delayed treatment. Patients that were 
treated immediately with ACT reported significantly more improvements on the 
Panic and Agoraphobia Scale (d = 0.72) and the Clinical Global Impression Scale 
(d = 0.89) than patients in the waiting-list group. Treatment gains were maintained 
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at the 6-month follow-up assessment. Another example is a pilot study by Meuret 
et al. [231] that has demonstrated the feasibility of a combined brief ACT and expo-
sure treatment for PD.

 ACT for Social Anxiety Disorder
SAD’s core symptom is the fear in one or more social situations in which the person 
feels exposed to the possible scrutiny by others [81]. Interventions for SAD may use 
different principles of ACT, such as “Defusion”: SAD may cause thoughts like 
“Everyone thinks I am boring” or “Everyone is staring at me and thinks that I am a 
loser”; ACT adopts a different perspective by adding “I am having the thought that 
…” to the beginning of these sentences. The third ACT principle “Mindfulness” 
stresses the importance of living in the “here and now” by practicing to engage in the 
present moment instead of becoming lost in thoughts about other peoples’ opinions.

Dalrymple and Herbert [232] used a 12-week ACT treatment in a pilot study with 
19 individuals diagnosed with SAD. They found significant improvements in social 
anxiety symptoms and quality of life with large effect sizes. Craske et  al. [226] 
conducted a three-arm RCT with participants with social phobia (n = 87) comparing 
the effects of either 12 weeks of CBT, ACT, or a waiting-list control condition. Their 
findings showed that both treatment groups scored significantly better in the main 
outcomes than the control group, with no differences observed between CBT and 
ACT. Remarkably, the self-reported fear of negative evaluation moderated the treatment 
outcomes, with trends for both extremes in terms of superior outcomes for participants 
receiving CBT and inferior outcomes for participants receiving ACT [226]. Another 
RCT was conducted by Herbert et al. [233] comparing the efficacy of an ACT treatment 
(n = 49) with a CBT treatment (n = 53) among patients with SAD. The authors found 
greater improvements in self-reported social anxiety symptoms and overall functioning 
in the CBT group on the one hand, but on the other hand, they have found indications 
for greater improvements in observer-rated social behavior in the ACT group.

Concerning Internet-delivered approaches, Ivanova et al. [234] created and eval-
uated an iACT-treatment with additional app for SAD and PD. 152 participants 
were randomized either to a therapist-guided or therapist-unguided treatment or to 
a waiting-list control group. Both treatment groups showed significantly reduced 
general anxiety (d = 0.39) and social anxiety (d = 0.70), but not panic symptoms 
(d = 0.05) compared to the control group, with no significant differences between 
the guided and the unguided intervention. In another RCT on an iACT intervention, 
Gershkovich et al. [235] randomized 42 participants either to an eight-module self- 
help intervention with minimal therapist support in terms of 10–15 min per week 
using videoconferencing and daily text messages (n = 20) or to the same interven-
tion, but without therapist support (n = 22). Their results showed significant reduc-
tions in SAD symptoms, with no significant differences between the both support 
formats. The only difference was a lower attrition rate in the guided group (20%) 
than in the unguided group (50%).

 ACT for Generalized Anxiety Disorder
Excessive anxiety and worries that are difficult to control and have a huge impact on 
the patient’s life, including physical complaints, are diagnostic criteria of GAD [81]. 
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Theoretically, all six ACT principles can be applied for the treatment of GAD. For 
example, the fourth ACT principle, “Self-as-context,” may be helpful for patients 
diagnosed with GAD in order to create a distance between the worries and the self 
and to realize that there is more to observe than worries and anxiety. In ACT, the 
patient is in charge of the thoughts and their content, making them not dangerous or 
life-threatening anymore.

Hasheminasab et al. [236] reported findings from a ten-session ACT treatment 
with three consecutive referrals for GAD patients at a private practice. In those ses-
sions, different methods were used to introduce the assumption that struggle and 
control may actually interfere with the patient’s quality of life and values as well as 
the aim to stay with the anxiety and live in the present moment. In addition, the 
treatment aimed to foster the fully perception of anxiety-related responses without 
judgment or elaboration (i.e., perceiving thoughts as thoughts, physical sensations 
as physical sensations, images as images, feelings as feelings, etc.). Participants 
showed clinically significant changes from pre- to posttreatment in the severity of 
anxiety symptoms. In another study, Avdagic et  al. [237] randomly allocated 51 
patients (diagnosed with GAD) to either a 6-week intervention based on ACT or on 
CBT. The authors found significant improvements on all anxiety-related measures 
for both conditions at post- and follow-up-treatment. Moreover, they found a sig-
nificant interaction indicating a steeper reduction from pre- to posttreatment in wor-
rying symptoms (d = 0.79) between both groups.

Furthermore, iACT has been also applied to treat GAD. For example, a RCT 
Dahlin et al. [238] randomly assigned 103 participants diagnosed with GAD either 
to a therapist-guided iACT or to a waiting-list control group. Their findings indicated 
the efficacy of the intervention with moderate-to-high effect sizes (d = 0.70–0.98) 
with maintained effects at the 6-month follow-up.

 Conclusions

There is strong evidence for the efficacy and effectiveness of traditional CBT in 
treating the symptoms of PD with or without agoraphobia, SAD, and GAD (c.f. 
[239]), while the best evidence for specific phobia exists for exposure-based 
therapies [69]. There is also evidence that different delivery modes of CBT, such as 
individual or group formats as well as iCBT with minimal therapist guidance, work 
similarly well across different anxiety disorders (e.g., [240]). Given the small num-
ber of studies with diverse populations, Hofmann et al. [4] found no meta-analytic 
evidence for the efficacy of CBT for specific subgroups like minorities, except for 
children and elderly. Another drawback is the scarcity of long-term assessments of 
CBT outcomes. Overall, the current evidence base suggests that treatment decisions 
on CBT and/or pharmacotherapy can be based on patients’ preferences [2].

Although the rationale for using MBCT to treat anxiety is credible [147] and the 
availability of adapted MBCT protocols for anxiety disorders like GAD [154], the 
clinical testing is at an early stage compared to traditional CBT [14]. Preliminary 
evidence suggests that patients with PD and GAD may benefit from MBCT in 
reducing pathological worry and intolerance of uncertainty [184, 187]. However, for 
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anxiety disorders there is a need for more high-quality RCTs to draw conclusions on 
the effectiveness of traditional MBIs/MBCT [9, 21, 30, 142, 196] and iMBIs [32, 
207, 211, 212]. Finally, few publicly available apps using the term mindfulness 
fulfill criteria for MBIs, which makes it difficult for patients and clinicians to iden-
tify useful apps [215, 216]. Like MBCT, ACT is at an early stage of clinical testing 
regarding the efficacy for anxiety disorders (c.f. [9, 219, 227]). In addition, contra-
indications and potential adverse events of MBIs need to be evaluated and should be 
individually evaluated by clinicians [144]. 
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Abbreviation

ALIC Anterior limb of the internal capsule
BOLD Blood-oxygen-level-dependent
BST Bed nucleus of the stria terminalis
CANMAT Canadian Network for Mood and Anxiety Treatments
CAPS Clinician-administered post-traumatic stress disorder scale
CES Cranial electrotherapy stimulation
DBS Deep brain stimulation
DLPFC Dorsolateral prefrontal cortex
ECT Electroconvulsive therapy
GAD Generalized anxiety disorder
HAM-A Hamilton Anxiety Rating Scale
IPG Implantable pulse generator
iTBS Intermittent theta burst stimulation
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ITP Inferior thalamic peduncle
MDD Major depressive disorder
MFB Medial forebrain bundle
MPFC Medial prefrontal cortex
MRI Magnetic resonance imaging
NAc Nucleus accumbens
NS Neurostimulator.
NTS Nucleus tractus solitarius
OCD Obsessive-compulsive disorder
OFC Orbitofrontal cortex
PD Panic disorder
PDSS Panic Disorder Severity Scale
PTSD Post-traumatic stress disorder
REAC Radio electric asymmetric conveyor
RMT Resting motor threshold
rTMS Repetitive transcranial magnetic stimulation
SAD Social anxiety disorder
SCC Subcallosal cingulate
SMA Supplementary motor area
STN Subthalamic nucleus
tDCS Transcranial direct current stimulation
TNS External Trigeminal Nerve Stimulation
VC/VS Ventral internal capsule/ventral striatum
VNS Vagus nerve stimulation
Y-BOCS Yale-Brown Obsessive Compulsive Scale

 Introduction

In the treatment of panic disorder (PD), generalized anxiety disorder (GAD), social 
anxiety disorder (SAD), post-traumatic stress disorder (PTSD), and obsessive- 
compulsive disorder (OCD), several medications demonstrated effectiveness, 
including selective serotonin reuptake inhibitors, serotonin-norepinephrine reup-
take inhibitors, tricyclic antidepressants, and benzodiazepines. However, many 
patients do not achieve remission with pharmacological treatments. Psychotherapy 
is also effective for most anxiety disorder patients, but issues with availability, cost, 
and commitment limit its use. Even more, a significant portion of patients has little 
or no response to this form of treatment. In addition, the relapse rate is high among 
those who do achieve remission. From a clinical perspective, there is still a strong 
unmet need for effective, fast-acting, and tolerable treatments for anxiety disorders, 
PTSD, and OCD.  Neurostimulation techniques have been studied as promising 
alternatives or augmentation treatments to pharmacological and psychological ther-
apies [1].
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The administration of electrical charges to the brain as an attempt to treat neuro-
logical and mental disorders has been studied since the classical antiquity, but the 
major turning point was the invention of electroconvulsive therapy (ECT) in the 
1930s [2]. Despite being still considered an invaluable treatment option for depres-
sive disorders [3], due to its side effects, high cost, and anesthesia-related risks, 
ECT has been scarcely studied in the treatment of anxiety disorders. Repetitive 
transcranial magnetic stimulation (rTMS) is the most studied neurostimulation 
technique in the treatment of anxiety disorders, PTSD, and OCD, but direct electric 
(nonmagnetic) neuromodulation techniques have also been studied in the treatment 
of these disorders. Electrodes may be placed directly into the brain (deep brain 
stimulation, DBS), on the scalp (ECT; transcranial direct current stimulation, tDCS), 
or on peripheral nerves (vagus nerve stimulation, VNS; External Trigeminal Nerve 
Stimulation, TNS) [3].

Cortical activation patterns can be selectively modified by means of rTMS via 
electromagnetic induction [4]. Transcranial magnetic stimulation uses powerful but 
extremely brief magnetic fields, which induce a current in the brain. It has been 
applied for evaluation of the motor system, functional research of cerebral regions, 
and pathophysiological mechanisms of mental disorders. Administration of mag-
netic stimuli in a rhythmic and repetitive form became an intervention tool [5]. In 
rTMS, trains of magnetic pulses temporarily summate to cause greater changes in 
neural activity than a single pulse, which can modulate cortical excitability. While 
high-frequency rTMS is considered to increase the cortical excitability in certain 
regions, low-frequency rTMS is postulated to [5] inhibit the cortical excitability of 
stimulated area. This way, rTMS demonstrated to modulate neurotransmitter release 
and – depending on its stimulation frequency – normalize prefrontal hypoactivity [4].

DBS is a neurostimulation technique that involves stereotactic neurosurgical 
implantation of approximately 1.3 mm diameter platinum-iridium electrodes bilat-
erally into a brain target. Multiple stimulating contacts at the electrode tip allow 
precise targeting of subregions within a target brain structure. Wires connect the 
stimulating electrodes to a pulse generator implanted subcutaneously below the 
clavicle, and a handheld wireless programmer allows ongoing noninvasive adjust-
ment of stimulus parameters. DBS is the most invasive neuromodulation strategy, 
and thus patients enrolled in studies are severely ill and treatment refractory [6].

The therapeutic effect of tDCS is under investigation but has an advantage of 
increasing or decreasing the activity of disorder-related cortical areas. It is possible 
to produce excitatory or inhibitory effects depending on whether the stimulating 
electrode is an anode or a cathode. tDCS has a favorable safety profile, is portable, 
has low cost, and is easy to use, thus showing clinical and practical advantages over 
the other brain stimulation techniques [7].

VNS targets forebrain limbic neurocircuitry by stimulation of ascending fibers in 
the vagus nerve. Electric stimulation of afferent nerve fibers projecting to nucleus 
tractus solitarius (NTS) in the brain stem leads to stimulation of the medial temporal 
and prefrontal cortex which is thought to mediate psychotropic effects. In conven-
tional VNS the electrodes are surgically implanted, wrapped around the cervical 
vagus nerve, while in transcutaneous VNS, the electrodes are applied at the 
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auricular branch of the vagus nerve at the concha of the outer ear. In both techniques 
the electrodes are connected to a pulse generator similar to the one used in DBS [6]. 
VNS demonstrated efficacy in treatment-resistant depression [3]. TNS, like VNS, 
targets forebrain circuitry by stimulating afferent cranial nerve fibers and targeting 
transynaptic alteration of limbic circuitry. TNS employs cutaneous stimulation of 
afferent cranial nerve fibers with the intent to affect forebrain neurocircuitry via 
projections of brain stem nuclei. Electrodes are taped to the forehead, and stimula-
tion occurs at night during sleep, from an attached stimulating device [6].

ECT is the oldest somatic treatment among those currently used in psychiatric 
practice, and it is also the most stigmatizing. ECT was a popular treatment for men-
tal disorders between the 1940s and 1960s. After the 1960s, the use of ECT met 
resistance, and it was no longer a treatment option for many psychiatrists and psy-
chiatry services. It was seen as a psychiatric asylum practice, and there was an 
erroneous association with punishment and torture. The prejudice against this tech-
nique was probably due to ECT applications without the patient’s consent and its 
indiscriminate use. Rudimentary ECT devices, lack of anesthesia, and lack of mus-
cle relaxants were associated with higher risks and side effects, reinforcing the 
negative public perception of ECT. In the 1990s, a new interest on ECT emerged 
with a great increase of clinical trials and publications. The efficacy of ECT in the 
treatment of mental disorders has been confirmed by several studies in the last two 
decades. In addition, modern devices and advanced anesthesia methods made ECT 
an extremely safe method that does not produce discomfort for the patients. Despite 
all that, ECT is frequently considered as the last therapeutic resource, reserved for 
very severe and refractory cases, demonstrating that the stigma about this method 
still exists [3].

 Repetitive Transcranial Magnetic Stimulation

In rTMS, repetitive magnetic pulses are delivered over cortical areas through a coil 
positioned on the scalp. The magnetic field produces electrical currents in the brain, 
stimulating or inhibiting brain structures. There are different types of rTMS protocols; 
depending on the employed devices and parameters, rTMS may be deep or superfi-
cial. In conventional rTMS treatment, the electromagnetic waves have a reach of 3 cm 
from que coil surface to the cortex, while in deep rTMS the reach is approximately 
5 cm. Several types of coils are used in rTMS, and they vary in size, format, focality, 
and reach. Intermittent theta burst stimulation (iTBS) is a new form of rTMS, which 
consists of three bursts of pulses at 50 Hz every 200 ms. This form of rTMS is as 
effective as rTMS with 10 or 20 Hz, but the duration of the session decreases about 5 
times, which allows services to treat a larger number of patients [8].

All kinds of rTMS can be inhibitory or excitatory. These treatments can be an 
add-on treatment or monotherapy for several mental disorders. Commonly, psycho-
tropic medications are maintained while performing neurostimulation treatment. 
The patient sits in an upright sitting position and is conscious during the whole 
procedure, and there is no need for anesthesia.
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Usually the sites of stimulation are the left and right dorsolateral prefrontal cor-
tex (DLPFC) and dorsomedial prefrontal cortex. Regarding DLPFC, excitatory 
stimuli are applied on the left hemisphere, while inhibitory stimuli are applied on 
the right hemisphere. Some researchers had attempted to combine both excitatory 
stimulation on the left DLPFC and inhibitory stimulation on the right DLPFC, but 
it did not show additional benefits, compared to unilateral stimulation [9] (Fig. 18.1).

Stimulus intensity ranges from 1.5 to 3.0 tesla, but intensity is based on resting 
motor threshold (RMT), which is the minimum intensity to contract a patient’s 
thumb. Patients have their own RMT, and the stimulus intensity is calculated as a 
percentage of this RMT. The stimulus intensity applied to patients is predetermined; 
generally 110% to 120% of RMT in rTMS and 70–80% for iTBS. Less intense 
stimuli are probably not effective [9].

Fig. 18.1 Repetitive transcranial magnetic stimulation (rTMS) device MagPro X100 MagOption, 
from Magventure. Picture taken at the Laboratory for Neuropsychiatry & Neuromodulation, 
Division of Neuropsychiatry, Department of Psychiatry, Massachusetts General Hospital, Courtesy 
of Dr. Patricia Cirillo and Prof. Joan Camprodon
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In a recent meta-analysis, Cirillo et al. [10] identified four studies that used rTMS 
to treat GAD, of which two were randomized, double-blind, and sham-controlled 
and two are uncontrolled open-trials [11–14]. Three studies applied low-frequency 
(1 Hz) rTMS over the right DLPFC [12, 14, 15], and one study evaluated bilateral 
rTMS treatment in patients with comorbid GAD and major depressive disorder 
(MDD) employing 1  Hz over the right DLPFC followed by 10  Hz over the left 
DLPFC [13]. rTMS demonstrated effectiveness in all four studies, and the overall 
effect size was −2.06 (95%CI: −2.64, −1.48), favoring active rTMS treatment [10]. 
In a sample of patients with GAD and insomnia, low-frequency rTMS in the right 
posterior parietal cortex produced significant improvement of both anxiety and 
insomnia [16]. Bystritsky et al. [14, 17] reported maintenance of the improvement 
after a 6-month follow-up without deterioration of questionnaires scores when com-
pared to the end of rTMS treatment.

Nine studies on rTMS in PTSD were found and included in the meta-analysis 
from Cirillo et al. [10]. In some studies there were comorbidities with substance use 
disorders or MDD. There were three open-label studies and six randomized, sham- 
controlled trials. Only one study evaluated the effect of deep rTMS [18], while all 
others applied regular rTMS.  In four studies [19–22] the protocol included low- 
frequency rTMS in the right DLPFC; in one of these studies, they also tested high- 
frequency (10 Hz) in the same area. In the study from Boggio et al. [23], the protocol 
was stimulation of either the right or left DLPFC with 20 Hz frequency. The fre-
quency was also 20 Hz in the study from Isserles et al. [18], but the stimulated area 
was the medial prefrontal cortex (MPFC). The overall effect size was −0.88 (95%IC: 
−1.42, −0.34), favoring rTMS over sham. There were significant improvements in 
depressive symptoms too [10]. High-frequency rTMS seemed to be more effective 
than low-frequency rTMS, while stimulation of the right DLPFC was more effective 
than stimulation of the left DLPFC. Some studies demonstrated symptom worsen-
ing in the follow-up, which included PTSD and MDD symptoms [10].

There is little evidence of effectiveness of rTMS in PD; there are only two aug-
mentation studies. In one randomized, controlled double-blind study [24], low- 
frequency stimulation on the right DLPFC produced significant improvement in PD 
patients, with a response rate of 50% and 25% remission rate in the active group. 
The second study [25] was a randomized, controlled, double-blind trial with iTBS 
over the left DLPFC. There were no significant differences between active and sham 
iTBS regarding PD symptom improvement in this study.

rTMS has been tested in different brain areas in the treatment of OCD, including 
the supplementary motor area (SMA), orbitofrontal cortex (OFC), and right, left, 
and bilateral DLPFC [26]. All trials with rTMS over the SMA used 1 Hz frequency 
and 100% of RMT.  There were case series, open-label studies, and randomized 
controlled trials. Some of these studies indicated efficacy of this technique, but 
overall, the findings were inconsistent. There were also studies with low-frequency 
stimulation and high-frequency stimulation (10 or 20 Hz) over the DLPFC. The 
results for DLPFC trials were mainly positive but not very consistent either. 
Stimulation of the right side of this area had a larger effect size compared to the 
stimulation of the left area. There were three trials of rTMS over the OFC, one 
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retrospective study and two randomized controlled trials, all with low-frequency 
stimulation. Two of these trials had positive results, while in the third trial the active 
treatment was not superior to sham [26].

 Transcranial Direct Current Stimulation

tDCS is an electrical neurostimulation method with constant low-amplitude current 
focalized in specific cortical areas through electrodes placed on the scalp. This 
neurostimulation method increases cortical excitability in cortical areas under the 
anodal electrode, while it decreases cortical excitability where the cathodal elec-
trode is placed. This effect is produced by the neuronal depolarization and hyperpo-
larization, respectively. There are basically two options of electrode placing in the 
treatment of MDD: [1] anodal electrode over the left DLPFC and cathodal electrode 
grounded in a noncortical area or [2] anodal electrode over the left DLPFC and the 
cathodal over the right DLPFC. The stimulus intensity ranges from 1 to 2 mA, and 
the sessions last for 30 min or more. In trials with MDD, daily sessions for at least 
2 weeks are needed to obtain an antidepressant effect. Six-week treatments were 
more effective than shorter treatments, and tDCS combined with antidepressants 
was more effective than tDCS alone [8]. Usually, in the treatment of anxiety disor-
ders, the objective is to decrease cortical excitability; for this reason the electrode 
placement and protocols are different from those used to treat depression (Fig. 18.2).

Fig. 18.2 Transcranial Direct Current Stimulation (tDCS) device Starstim 8 5G, from 
Neuroelectrics. Picture taken at the Laboratory for Neuropsychiatry & Neuromodulation, Division 
of Neuropsychiatry, Department of Psychiatry, Massachusetts General Hospital. Courtesy of Dr. 
Patricia Cirillo and Prof. Joan Camprodon
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Cathodal stimulation was applied to the right DLPFC of one GAD patient in a 
case study [27], with excellent effect on anxiety decrease (90%). There are no other 
studies with tDCS in GAD.

There were only two studies with tDCS in PTSD, both focused on the cognitive 
features of this disorder. In one of them [28], the combination of working memory 
training and tDCS produced significant improvement of working memory perfor-
mance. A fear-conditioning paradigm was used in the second study [29]. In this trial 
tDCS facilitated the consolidation of extinction memory. Currently there is no evi-
dence pointing to effectiveness of tDCS in the treatment of this disorder because 
PTSD symptom improvement with tDCS was not assessed in any of these studies.

In a case study [30], one PD patient received cathodal tDCS over the right 
DLPFC and had significant improvement of anxiety symptoms. There were no other 
studies with tDCS in PD.

There is no evidence of effectiveness for tDCS in the treatment of SAD, but one 
study demonstrated that anodal stimulation on the left DLPFC decreased attentional 
bias in most of SAD patients [31].

Most of the studies with tDCS and OCD were case, case series, and open-label 
studies; there was only one randomized controlled trial with 12 patients. Besides the 
low quality of the studies, the results were unimpressive; in most of the studies, 
there was small positive effect. Stimulation of the OFC or SMA had more signifi-
cant effects than stimulation of DLPFC [26].

 Deep Brain Stimulation

DBS consists of neurosurgical implantation of electrodes under magnetic resonance 
imaging (MRI) guidance in selected brain areas connected by a wire to a neurostimu-
lator (NS) or an implantable pulse generator (IPG). The NS/IPG, usually placed into 
the right chest below the clavicle, sends electrical pulses to brain electrodes in order 
to modulate an adjacent neural network. DBS parameters can be monitored and pro-
grammed remotely with a handheld device in a similar way to pacemakers and 
VNS. There are also a patient controller to turn it on and off and check battery status 
and self-adjust parameters provided by the DBS programmer [8].

DBS is mainly used to improve motor symptoms of Parkinson’s disease, but it is 
also been studied in treatment-resistant depression, dystonia, essential tremor, epi-
lepsy, and Alzheimer’s disease. Studies using DBS to treat treatment-resistant 
depression are increasing; but this technique still needs to find more appropriate 
brain areas related to this disorder for the implantation of electrodes to have more 
consistent results. The psychopharmacological and psychotherapeutic treatments 
are usually performed in tandem with each other [8].

The main anatomical target for DBS in most studies is the subcallosal cingulate 
(SCC) white matter, but ventral internal capsule/ventral striatum (VC/VS), nucleus 
accumbens (NAc), medial forebrain bundle (MFB), inferior thalamic peduncle 
(ITP), the lateral habenular complex, and the rostral cingulate gyrus are also tar-
geted in DBS [8, 32].
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Currently there is no consensus on what the optimal stimulation parameters for 
MDD are. However, trials in animals concluded that some parameters are more 
effective for ventromedial prefrontal cortex/SCC such as high-frequency (130 Hz) 
and current intensity (100–300 mA). These studies also identified that prelimbic 
stimulation was more effective than infralimbic stimulation and that left unilateral 
and bilateral stimulation had similar results [8].

In the treatment of OCD, DBS target areas consisted of VC/VS, NAc, the subtha-
lamic nucleus (STN), the anterior limb of the internal capsule (ALIC), and the 
ITP. A recent meta-analysis [33] showed positive findings for DBS in OCD, but 
there were no significant differences between the five DBS targets regarding treat-
ment response. From 16 studies analyzed by Alonso et al. [33], the average percent-
age of responders to DBS was 60.0% (95% CI =49.0–69.0%), with response being 
defined as an OCD symptom decrease of at least 35% measured on the Yale-Brown 
Obsessive Compulsive Scale (Y-BOCS). The mean reduction of Y-BOCS score 
after DBS was available for 66 patients and was estimated to be 45.1% (95% CI 
=29.4–60.8%) [33]. Besides reducing OCD symptoms, DBS targeted at NAc, VC/
VS, or ALIC improved mood and decreased anxiety [34].

In a case report of a patient with MDD, PD, and substance use disorder, DBS 
targeting the NAc produced significant decrease of alcohol consumption, but did not 
improve PD or MDD symptoms [58]. In fact, three studies [35–37] demonstrated 
that DBS into the NAc might induce panic attacks even in patients who never had 
them before.

DBS in the basolateral nucleus of the amygdala was effective for a combat vet-
eran with treatment-resistant PTSD in a single case report [38]. After 8 months of 
treatment, there was a decrease of 37.8% of the clinician-administered post- 
traumatic stress disorder scale (CAPS) score, and the quality of life increased 
considerably.

 Vagus Nerve Stimulation

In VNS, an IPG is implanted subcutaneously in the left chest, and the electrodes 
from the IPG deliver low-frequency, intermittent pulses to the left vagus nerve [39]. 
VNS demonstrated to be safe in pregnant women. VNS can be used concomitantly 
with psychotropic drugs and ECT [40].

The electrical stimulation through the vagus nerve provides stimulation to the 
NTS that modulates several subcortical and cortical regions of the brain through the 
neural networks [8]. The paraventricular nucleus of the hypothalamus, central 
nucleus of the amygdala, parabrachial nucleus, locus coeruleus, and dorsal raphe 
nucleus receive direct input from the NTS [41]. Afferents from the NTS and para-
brachial nucleus carry input to the bed nucleus of the stria terminalis (BST). Output 
from the ventrolateral region of BST heavily targets the substantia innominata; the 
parvocellular paraventricular hypothalamic nucleus; the dorsomedial, perifornical, 
and lateral hypothalamus; the central nucleus of the amygdala; the periaqueductal 
gray matter; the pre-locus coeruleus; the lateral parabrachial area; and the NTS [42]. 

18 Neurostimulation in Anxiety Disorders, Post-traumatic Stress Disorder…



340

These interconnected brain areas are excellent targets for neurostimulation because 
they are heavily implicated in the pathophysiology of anxiety disorders.

Treatment parameters are similar to other devices which include the intensity of 
the electrical stimulus (mA), pulse width (microseconds), frequency (Hz), duration 
of the stimulus, and interval between them (sec or min) [40]. There is still no con-
sensus on what the optimal stimulation parameters for MDD would be. Most studies 
used the output current beginning at 0.25 mA, 500-μs pulse width, and 20- or 30-Hz 
frequency for 30 sec of stimulation and a non-stimulation interval of 5 min. In one 
long-term study, the electric current was increased to 1 mA [39]. There seem to be 
better response rates and decreased suicide attempts in VNS with higher electrical 
charges, compared to low charges [8].

It was demonstrated by functional MRI that transdermal VNS, besides activating 
the NTS, also activates the locus coeruleus in the brain stem. In limbic networks, 
specifically the amygdala, hippocampus, posterior cingulate gyrus, parahippocam-
pal gyrus, and middle and superior temporal gyrus, a reduction of blood-oxygen- 
level-dependent (BOLD) signal was also observed. Changes in NTS activity have 
been demonstrated to increase high-frequency heart rate variability and reduce sym-
pathetic activity. As PTSD symptom severity is often correlated with elevated dis-
tress autonomic arousal, transdermal VNS may function to modulate this response 
[6].

In an open-label study, George et  al. [43] assessed the efficacy of VNS in a 
sample of treatment-resistant patients, including OCD, PD, and PTSD patients. In 
the acute phase (12 weeks), three out of nine patients had a 50% or greater improve-
ment in the Hamilton Anxiety Rating Scale (HAM-A) scores (response). The PD 
patient achieved response before completing 24  weeks of treatment. One PTSD 
patient achieved response only after 2 years of treatment; the other PTSD patient did 
not achieve response after 4 years of treatment. Regarding the six OCD patients, 
three had improvements of 25% or greater in Y-BOCS scores (response) in the acute 
phase, and four achieved response after 24 weeks of treatment, but the response rate 
decreased gradually during the 4-year treatment. At the end of the study, there were 
only two OCD patients; both of them were responders.

 Trigeminal Nerve Stimulation

In TNS, small electrical currents stimulate cutaneous branches of the trigeminal 
nerve to stimulate the brain. The trigeminal is the largest cranial nerve and carries 
afferent impulses from the face to locations throughout the brain stem, limbic sys-
tem, and cortex. As the vagus nerve, the trigeminal projects to the NTS, which is 
interconnected with the thalamus, hypothalamus, amygdala, locus coeruleus, raphe 
nuclei, reticular activating system, limbic forebrain, anterior cingulate, and insula. 
These regions are implicated in the pathophysiology of anxiety disorders. This new 
and noninvasive intervention has shown therapeutic effects in epilepsy, MDD, and 
attention deficit/hyperactivity disorder [44].
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There were two small open-label studies with TNS in PTSD, and both had posi-
tive results. In the study from Trevisol et  al. [45], five PTSD patients who were 
under antidepressants received add-on TNS in a 10-day protocol. Four in five sub-
jects had 50% or more decrease in depression and PTSD scale scores; this improve-
ment persisted at the 1-month follow-up. In an 8-week trial with 12 subjects with 
PTSD and MDD [44], TNS was also used in addition to pharmacological treatment. 
At the end of the study, there were significant decreases in depression and PTSD 
symptoms.

The same researchers published two case reports with treatment-resistant anxiety 
disorder patients, one with GAD [46] and the other one with SAD [47]. In both stud-
ies TNS was administered for 10 consecutive days (except weekends); the electric 
stimulation was performed at 120 Hz, with a pulse wave duration of 250 ms, for 
30 min per day. Both patients had significant improvements.

Trevisol et al. [48] applied the same methods tested in PTSD, GAD, and SAD in 
a 10-day trial with a sample of seven PD patients. At the end of the treatment, there 
was a significant reduction of PD symptoms from 18.1 (SD = 1.8) to 6.4 (SD = 5.8) 
on the Panic Disorder Severity Scale (PDSS). Six in seven patients had a 50% or 
greater improvement in PDSS scores and were considered responders. There were 
also significant improvements in HAM-A and Hamilton Depression Rating Scale 
scores. There were no significant changes in cognitive function.

 Electroconvulsive Therapy

Recent studies indicate that methods used in ECT applications, such as the position 
of the electrodes, current intensity, wavelength, frequency, session duration, time 
between applications, and number of sessions, may influence both positive and neg-
ative outcomes of this therapy. In order to produce effective seizures, unilateral ECT 
requires higher electrical current doses, bifrontal ECT requires lower doses, and the 
lowest doses are those applied in bitemporal ECT. The last is associated with more 
cognitive side effects, especially memory deficits, compared to unilateral and 
bifrontal positions. However, it is still under debate if bifrontal and right unilateral 
ECT are as effective as bitemporal ECT in the treatment of mood disorders [3]. The 
Canadian Network for Mood and Anxiety Treatments (CANMAT) classified right 
unilateral ECT and bifrontal ECT as a first-line treatment for MDD and bitemporal 
ECT as a second-line treatment, due to its cognitive side effects [8].

There are no randomized controlled trials with ECT in PTSD. In a retrospective 
chart review with 26 military veterans with MDD and PTSD, Watts et al. [49] found 
significant improvements of depression symptoms after right unilateral ECT or 
bitemporal ECT. However, only 35% of the patients had at least a small improve-
ment (20%) of PTSD symptoms. In another retrospective study with patients with 
PTSD and MDD [50], bilateral ECT produced significant improvements of MDD 
and PTSD symptoms. In a recent open-label study [51], 20 treatment-resistant 
PTSD patients received six bilateral ECT treatments during a 3-week trial. The 
improvement of anxiety and depression symptoms was significant, with a mean 

18 Neurostimulation in Anxiety Disorders, Post-traumatic Stress Disorder…



342

decrease CAPS scores of 34% and a mean decrease of MDD scores of 51%. The 
current level of evidence for ECT in PTSD is still low and insufficient to support 
routine use of this treatment [52].

Fontenelle et  al. [53] reviewed the evidence regarding efficacy of ECT in the 
treatment of OCD. The authors found 50 relevant articles, with a total number of 
279 patients with OCD and related constructs, but there were no randomized con-
trolled trials. In one non-randomized controlled trial [54], 17 OCD patients received 
ECT, while 49 patients received pharmacological treatment. Sixty percent of the 
patients who received ECT showed marked improvements, and a similar result was 
found in the pharmacotherapy group. The authors did not explain the allocation 
methods and if there were differences between the two groups in baseline regarding 
severity of depression or OCD symptoms. In addition, pill placebo or sham ECT 
were not mentioned in this article, adding up to the other methodological limita-
tions. In the study from Dubois et al. [55], the allocation to treatments was decided 
based on clinical criteria; the treatment arms were defined a posteriori. The 43 
patients received either oral antidepressants, intravenous followed by oral antide-
pressants, oral antidepressant plus ECT, or oral plus intravenous antidepressant plus 
ECT. The remission rates ranged from 60% to 85% depending on the arm, and the 
overall remission rate was 69.7%. Fontenelle et al. [53] concluded that ECT has no 
role in routine treatment of OCD because there are too many limitations in the stud-
ies done so far. According to the authors, OCD patients resistant to pharmacological 
treatment are probably resistant to ECT too; thus ECT offers no advantage over 
pharmacological treatments.

 Other Neurostimulation Techniques

Cranial electrotherapy stimulation (CES) [56] is a noninvasive neurostimulation 
technique in which a pulsed, low-amplitude electrical current is applied to the head 
through electrodes placed on the earlobes. Recently, the effect of CES was exam-
ined in pain, headaches, fibromyalgia, smoking cessation, and opiates withdrawal. 
Several small low-quality studies reported anxiety decrease with CES in diverse 
patient samples, but the study from Bystritsky et al. [56] was the first study with 
anxiety disorder patients. In this open-label study with 12 GAD patients (9 com-
pleters), a significant improvement of HAM-A scores was observed in the end of the 
6-week trial. Six patients were considered responders to CES.

The radio electric asymmetric conveyor (REAC) is a device used for pulsed low 
electric current stimulation applied to the ear pavilion [57], similar to CES. The 
protocol for SAD [57] consisted of seven radiofrequency bursts of 500 ms each at a 
frequency of 10.5 GHz and a specific absorption rate of 7 μW/kg. The same group 
of Italian researchers conducted clinical trials with several diseases/disorders 
including stress-related disorders, anxiety, depression, bipolar disorder, “antiaging” 
treatment, aging-related chondral damage or injuries, surgical wounds, and behav-
ioral and psychiatric symptoms in Alzheimer’s disease. None of these studies were 
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a randomized controlled trial, and most had several methodological shortcomings; 
nevertheless, REAC was always considered effective by the authors.

 Conclusion

The most studied neurostimulation method for anxiety disorders, PTSD, and OCD 
was rTMS. This neurostimulation technique had the highest level of evidence for 
GAD. There were also randomized sham-controlled trials indicating that rTMS may 
be effective in the treatment of PTSD and OCD, but there were conflicting findings 
regarding these two disorders. There is indication that rTMS may be effective in the 
treatment of panic disorder, but the level of evidence is low. DBS was most studied 
for treatment of OCD, but the randomized sham-controlled trials had mixed find-
ings. Preliminary findings indicate that DBS is probably not effective for panic dis-
order treatment but could be affective for PTSD. There is weak evidence indicating 
that ECT, tDCS, VNS, and TNS could be effective in the treatment of anxiety disor-
ders, PTSD, and OCD (Table 18.1).

The growth of research on neurostimulation techniques for treatment of anxiety 
disorders, OCD, and PTSD is exciting; however, the current literature does not sup-
port the use of these techniques in clinical practice. One important issue is the lack 
of standardization of devices and protocols; in addition, most studies are small, not 
sham-controlled, and riddled with methodological flaws. Large high-quality studies 
are warranted to clarify the role of neurostimulation in anxiety disorders, OCD, and 
PTSD.

Table 18.1 Neurostimulation in anxiety disorders, post-traumatic stress disorder, and obsessive- 
compulsive disorder: quality of evidence

rTMS DBS tDCS ECT VNS TNS
Panic disorder ++a 0a + 0 + +
Generalized anxiety disorder +++ 0 + 0 0 +
Social anxiety disorder 0 0 0 0 0 +
Obsessive-compulsive disorder +++a +++a ++a ++ + 0
Post-traumatic stress disorder +++a + 0 ++ + +

DBS Deep brain stimulation, ECT electroconvulsive therapy, rTMS repetitive transcranial mag-
netic stimulation, tDCS transcranial direct current stimulation, TNS trigeminal nerve stimulation, 
VNS vagus nerve stimulation
0 No evidence
+ At least one case report with positive findings
++ At least one open-label study or randomized sham-controlled trial with more than 10 patients 
(receiving active treatment) with positive findings
+++ At least two randomized sham-controlled trial with more than 10 patients (receiving active 
treatment) with positive findings
aAt least one study without positive findings
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 Introduction

Anxiety disorders, including panic disorder/agoraphobia (PDA), generalized anxi-
ety disorder (GAD), social anxiety disorder (SAD), and others, are the most preva-
lent psychiatric disorders and are associated with a very high burden of illness [1]. 
They are more common in females [2].

The current concept of the etiology of anxiety disorders assumes an interaction 
of psychosocial factors, e.g., childhood adversity, trauma, or stress, and a heritable 
vulnerability, which manifests in dysfunctions of brain neurotransmitter systems. 
The available data for potential biomarkers for anxiety disorders in the fields of 
neuroimaging, genetics, neurochemistry, neurophysiology, and neurocognition 
have been summarized in two articles [3, 4]. However, according to these reviews, 
no specific biomarkers for anxiety disorders have been identified yet, despite high- 
quality neurobiological research in the field.

Patients with different anxiety disorders show varying degrees of health-care 
utilization. For example, in the United States, 54% of patients with PDA, but only 
27% of individuals with specific phobias, utilized health-care providers in 1 year 
[5]. While patients with PDA often fear that they suffer from a severe somatic dis-
order, such as a coronary heart disease or a brain tumor, and need immediate medi-
cal help in the case of a panic attack, people with specific phobias often have the 
feeling that they can cope with the disorder and even think it is “normal” to have 
fear of cats or insects.

There is evidence for substantial undertreatment of anxiety disorders. In a large 
study conducted in European countries [6], only 21% of respondents with an  
anxiety disorder sought professional help. Of those participants who contacted 
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health-care services, 23% were given no treatment at all, 31% received only medi-
cation treatment, 27% were treated with both medications and psychotherapy, and 
20% received only psychological treatment.

 Current Pharmacological Treatment

In clinical settings, the majority of patients seeking professional help for anxiety 
disorders suffer from PDA, followed by SAD and GAD [1]. For these disorders, a 
substantial number of randomized controlled trials with medications are available. 
Although specific phobia is the most frequent anxiety disorder, almost no studies 
exist for the psychopharmacological treatment of this disorder. This may be due to 
the fact that most people with specific phobia can cope with their fears and do not 
feel they have to undergo treatment for the condition. In severe cases, specific pho-
bia can effectively be treated with exposure therapy. As two other anxiety disorders, 
separation anxiety disorder in adults and selective mutism, have only recently been 
introduced in the DSM-5, almost no medication studies exist for these disorders.

Not all patients with mild anxiety disorders have to be treated. However, treat-
ment is indicated when a patient shows marked impairments in quality of life or 
suffers from complications resulting from the disorder (e.g., secondary depression, 
suicidality, or substance abuse). Patients with anxiety disorders can mostly be 
treated in outpatient settings. Only in the case of suicidal ideation, unresponsiveness 
to standard treatments, or relevant comorbidity, e.g., with major depression or per-
sonality disorders, hospitalization may be indicated.

The recommendations in this article are based on treatment guidelines for anxi-
ety disorders [7–9]. For these guidelines, a systematic literature search for random-
ized clinical trials had been performed. Studies were analyzed by using internationally 
acknowledged quality assessment tools. The recommendations were reviewed by 
expert panels.

Patients treated with medications should receive information about their diag-
nostic considerations, the physiological backgrounds of anxiety symptoms, the pos-
sible etiology of pathological fears, and the putative mechanisms of action of the 
available treatment approaches. The treatment plan should include psychotherapy, 
pharmacotherapy, and other interventions which should be selected after consider-
ation of individual conditions, e.g., the patient’s history with previous treatment 
attempts, illness severity, comorbidities such as personality disorders, suicidality, 
local availability of treatment methods, wait time for psychotherapy appointments, 
costs, and last but not least the patient’s preference.

A large number of studies have shown the efficacy of psychopharmacological 
drugs for PDA, SAD, and GAD. For specific phobias, however, there are only very 
few studies on drug treatment, e.g., a small study suggesting the efficacy of parox-
etine [10].

The available drugs and dose recommendations are listed in Table 19.1. Some of 
the medications mentioned here are not licensed for anxiety indications in some 
countries. The reader is referred to the local summary of product characteristic. The 
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Table 19.1 Pharmacological treatment recommendations for anxiety disorders in adults

Medications

Drug

Efficacy shown 
in RCTs for

Daily dose Adverse effectsPDA GAD SAD
SSRIs Citalopram1 x x 20–40 mg Jitteriness, nausea, 

restlessness, headache, 
fatigue, increased or 
decreased appetite, weight 
gain, weight loss, tremor, 
sweating, QTC prolongation, 
sexual dysfunction, diarrhea, 
constipation, and other side 
effects

Escitalopram2 x x x 10–20 mg
Fluoxetine x
Fluvoxamine x x
Paroxetine x x x 20–50 mg
Sertraline x x x 50–

150 mg

SNRIs Duloxetine x 60–
120 mg

Jitteriness, nausea, 
restlessness, headache, 
fatigue, increased or 
decreased appetite, weight 
gain, weight loss, tremor, 
sweating, sexual dysfunction, 
diarrhea, constipation, 
urination problems, and other 
side effects

Venlafaxine x x x 75–
225 mg

Tricyclic 
antidepressant

Clomipramine x 75–
250 mg

Anticholinergic effects, 
somnolence, dizziness, 
cardiovascular side effects, 
weight gain, nausea, 
headache, sexual dysfunction, 
and other side effects

Calcium 
modulator

Pregabalin x x 150–
600 mg

Dizziness, somnolence, dry 
mouth, edema, blurred vision, 
weight gain, constipation, 
euphoric mood, balance 
disorder, increased appetite, 
difficulty with concentration/
attention, withdrawal 
symptoms after abrupt 
discontinuation, and other 
side effects

Azapirone Buspirone x 15–60 mg Dizziness, nausea, headache, 
nervousness, light-headedness, 
excitement, insomnia, and 
other side effects

RIMA Moclobemide x 300–
600 mg

Restlessness, insomnia, dry 
mouth, headache, dizziness, 
gastrointestinal symptoms, 
nausea, and other side effects

Not all drugs are licensed for these indications in all countries
PDA  panic disorder/agoraphobia, GAD  generalized anxiety disorder, SAD  social phobia, 
RIMA reversible monoamine oxidase A inhibitor, RCT randomized controlled study
aDo not exceed recommended dose (possible QTC interval prolongation). Maximal dose with 
diminished hepatic function 30 mg/day, for older patients 20 mg/day
bDo not exceed recommended dose (possible QTC interval prolongation). Maximal dose for per-
sons over age 65 10 mg/day

19 Current and Novel Psychopharmacological Drugs for Anxiety Disorders



350

side effects of the drugs are listed in Table 19.1. For a detailed list of available ran-
domized controlled studies, the reader is referred to guidelines which included a 
systematic evaluation of the available studies [7–9].

 Selective Serotonin Reuptake Inhibitors (SSRIs)/Selective 
Serotonin-Norepinephrine Reuptake Inhibitors (SNRIs)

Due to their positive benefit/risk balance, SSRIs and SNRIs antidepressants are rec-
ommended as standard drugs for anxiety disorders. The onset of the anxiolytic 
effect of these antidepressants has a latency of 2 to 4 weeks (or even up to 6 weeks). 
During the first weeks of treatment, adverse effects may be more pronounced. Initial 
jitteriness or agitation may occur in this period, which may reduce the patients’ 
treatment compliance. Starting with a lower dose of the drug may reduce these 
adverse effects. A review of studies in depressed patients suggested that the tolera-
bility of SNRIs may be less when compared to the SSRIs [11]. However, according 
to clinical experience, tolerability may vary among patients, and it is also possible 
that an individual patient may experience less adverse effects when switched from 
an SSRI to an SNRI.

Some SSRIs and SNRIs may inhibit enzymes in the cytochrome P450 system 
and may interact with other medications for mental or medical illnesses [12].

After stopping treatment with an SSRI, withdrawal reactions may occur. 
However, these are much less frequent and severe than the withdrawal reactions 
observed after terminating treatment with benzodiazepines. These adverse reactions 
may be more frequent with paroxetine than with sertraline or fluoxetine [13].

 Pregabalin

Pregabalin is a calcium modulator, acting at the alpha-2-delta subunit of voltage- 
gated calcium channel. The drug has more sedating effects than SSRIs/SNRIs. 
Sleep disorders which are common in patients with anxiety disorders may improve 
earlier with pregabalin than with the SSRIs or SNRIs. Onset of efficacy is earlier 
with pregabalin than with antidepressants. Pregabalin is not subject to hepatic 
metabolism and hence does not interact with inhibitors or inducers of cytochrome 
P450 enzymes. However, there have been concerns about the abuse of pregabalin in 
individuals suffering from substance abuse and withdrawal syndromes after abrupt 
discontinuation [14].

 Tricyclic Antidepressants (TCAs)

Classic tricyclic antidepressant drugs, including imipramine and clomipramine, are 
effective medications for anxiety disorders. However, as the frequency of side 
effects is higher for TCAs than for SSRIs or SNRIs, these antidepressants should be 
tried first before tricyclics are used. The dosage should be on the same level as in the 
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treatment of major depression. Slow up-titration is recommended. TCAs should be 
used with caution in suicidal patients, due to their potential fatal toxicity after over-
dose [15].

 Benzodiazepines

The anxiolytic effects of benzodiazepines begin soon after intake. In contrast to 
SSRIs/SNRIs, benzodiazepines do not lead to initially increased nervousness and 
insomnia. In the United States, 55–94% of patients with anxiety disorders are 
treated with benzodiazepines [16]. Likewise, European studies have shown a high 
rate of long-term benzodiazepine use [17]. However, treatment with benzodiaze-
pines may be associated with CNS depression, resulting in fatigue, dizziness, 
increased reaction time, impaired driving skills, and other side effects. Cognitive 
functions may be impaired, mainly in elderly patients. After prolonged use of ben-
zodiazepines (e.g., for 4 to 8 months), addiction may occur in some patients [18–
24], in particular in individuals predisposed for alcohol or substance abuse [25]. 
Tolerance (resulting in the constant wish of the patient to increase the dose) seems 
to be rare [26], as the majority of patients with prolonged use of benzodiazepines 
show “low-dose dependency.” Most anxiety guidelines do not recommend benzodi-
azepines as first-line treatments [27]. The recommendations to prefer newer antide-
pressants are not based on direct comparison studies but rather on the known risks 
of benzodiazepines [28].

Benzodiazepines can be used for a limited time period in carefully selected 
patients, for example, in those with suicidality, severe cardiac disease, or contrain-
dications for antidepressants, or in whom standard drugs were not effective or not 
tolerated. However, patients with a history of benzodiazepine, alcohol, or substance 
abuse should be excluded from treatment. Benzodiazepines may also be used as 
add-on SSRIs/SNRIs during the first weeks before the onset of efficacy of the anti-
depressants or to treat insomnia [29]. Additional cognitive behavioral therapy 
(CBT) may facilitate benzodiazepine withdrawal [30, 31].

Only in few cases, acute panic attacks may require immediate drug treatment. 
Then, a benzodiazepine, e.g., lorazepam 1.0–2.5 mg melting tablets, may be given 
as needed (up to a dose of not higher than 7.5 mg per day). In most cases, talking 
with the affected patient and assuring that the attack is not due to a dangerous medi-
cal condition are sufficient.

In contrast to SSRIs and SNRIs, benzodiazepines do not treat depression, which 
is a common comorbid condition in anxiety disorders.

 Other Drugs

Buspirone. According to some randomized controlled studies, the 5-HT1A agonist 
buspirone, an azapirone, is effective in the treatment of GAD. However, not all stud-
ies showed superiority to placebo and/or equivalence to standard drugs.
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Moclobemide is a selective and reversible inhibitor of monoamine oxidase A. It 
was only licensed for the treatment of SAD. Because not all studies showed evi-
dence for superiority to placebo, the drug is not recommended as first-line drug.

Opipramol is an anxiolytic with the chemical structure similar to the tricyclic 
antidepressants. Only one double-blind study showing the efficacy of opipramol in 
GAD has been published [32].

Phenelzine is an irreversible inhibitor of monoamine oxidase (MAOI). Decades 
ago, it was one of the mostly used drugs in the treatment of panic disorder or social 
phobia. However, due to a high number of side effects and serious interactions with 
food components or other medications, its use has decreased in the past decades.

Some other drugs have demonstrated efficacy in randomized controlled trials but 
are not approved for the treatment of these disorders in most countries. Medicolegal 
issues have to be considered whenever medications that have not been licensed for 
anxiety indications are prescribed off-label.

• Agomelatine is an antidepressant which acts as an agonist at melatonin MT1 and 
MT2 receptors and as an antagonist at serotonin 5-HT2C receptors. It was shown 
to be effective in four studies in GAD [33–36]. However, the drug is only licensed 
for the treatment of depression and not for anxiety disorders.

• Mirtazapine, a noradrenergic and specific serotonergic drug, is licensed for 
depression but not for anxiety disorders in most countries. The drug has more 
sedating properties than SSRIs/SNRIs. According to a meta-analysis of ten 
Chinese trials, the drug is effective in GAD [37].

• Quetiapine, an atypical antipsychotic, was demonstrated to be effective in a 
number of trials for GAD. It is usually prescribed in the treatment of schizophre-
nia and other psychoses in dosages between 150 and 800 mg/d or more. For the 
treatment of anxiety disorder, lower doses (50–300  mg/day) are required. 
However, probably due to adverse effects such as the metabolic syndrome, the 
drug was not licensed for anxiety disorders in most countries. In general, typical 
side effects such as sedation or increased weight were less frequent in patients 
receiving lower doses [38, 39]. Quetiapine can only be used off-label in treatment- 
refractory patients. The onset of efficacy is earlier than with antidepressants.

• Vilazodone acts as a selective serotonin reuptake inhibitor and 5-HT1A receptor 
partial agonist. It is only licensed for the treatment of major depression in the 
United States. It has shown efficacy in GAD [40, 41] and SAD [42] but was not 
licensed for anxiety disorders. The drug is available in the United States.

 General Treatment Principles

Patients must be informed about relative efficacy of treatment alternatives, possible 
adverse effects, interactions, safety warnings, and contraindications, following the 
up-to-date summary of product characteristic. When patients are educated about the 
possibility that some early side effects might later decrease in intensity, compliance 
may be improved. Patients with anxiety disorders are often hesitant to take 
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psychotropic drugs because they are afraid of adverse effects. In particular, patients 
with PDA may easily discontinue antidepressants because of nervousness or even 
an increase in panic attacks in the first days or weeks after starting treatment.

Recommended doses are shown in Table 19.2. For around three quarters of the 
patients, doses in lower part of the therapeutic range are sufficient (e.g., escitalo-
pram 10 mg or sertraline 50 mg per day). However, when treatment response is 
insufficient, a dose increase to the upper limit of the standard dose range should be 
tried. Dose-finding studies are often made with samples containing twice as much 
women than men and are based on persons with an average weight. That means that 
the dose for male patients, especially those with overweight, should be adjusted 
accordingly. In patients with severe hepatic impairment, a dosage adjustment may 
be required. Pregabalin, a drug with primarily renal clearance, may be an 
alternative.

 Relative Efficacy of Medications for Anxiety Disorders

In a meta-analysis of all controlled studies for anxiety disorders [2], the pre-post 
effect sizes of available antianxiety agents were determined. We simply looked at 
the absolute difference of anxiety scale scores before and after treatment, without 
regard to the relative efficacy compared to placebo. This approach makes it possible 
to include hundreds of studies in comparisons of differential efficacy of all available 
drugs and not only the few direct head-to-head comparisons. From the patients’ 
point of view, the improvement of anxiety symptoms as measured by the change 
from baseline to endpoint is more relevant than the difference to a control group.

The available medications for anxiety disorders showed considerably large dif-
ferences in pre-post effect sizes. For example, the improvement achieved with the 
most efficacious drug (quetiapine, Cohen’s d = 3.39) was almost three times higher 
than what was accomplished with the drug with the weakest efficacy (buspirone, 
d = 1.35). Quetiapine, however, is not licensed for the treatment of any anxiety dis-
order in most countries. Among the drugs, showing high effect sizes that are licensed 
for anxiety disorders and recommended by guidelines, were the SSRIs escitalopram 
(d = 2.75) and paroxetine (d = 2.42) and the SNRIs venlafaxine (d = 2.32) and pre-
gabalin (2.30). Also, some benzodiazepines, e.g., diazepam (d = 2.46) and loraze-
pam (2.44), showed high effect sizes. These drugs, however, are not recommended 
for routine treatment.

Similar results were found in a network analysis of drug treatment for GAD [37, 43].

 Duration of Treatment

For all drugs recommended in this article, relapse prevention studies for at least one 
anxiety disorder have been conducted in patients who were responders to open 
treatment with a certain drug and were then randomized to ongoing blind treatment 
with the same drug to or placebo for long-term treatment for another 6–18 months. 
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All of these trials showed an advantage for staying on active medication when com-
pared with switching to placebo. Based on the findings from these relapse preven-
tion studies, clinical experiences, and expert opinions, drug treatment should be 
continued for 6–12 months after remission, or even more, when relapses occur after 
tapering the drug. To avoid withdrawal effects, the drug should be slowly tapered off 
over 2 weeks at treatment termination.

 Drug-Drug Interactions

When treating anxiety disorders with drugs, possible drug interactions have to be 
monitored. SSRIs like fluoxetine, fluvoxamine, and paroxetine are particularly lia-
ble to be potentially involved in pharmacokinetic interactions such as enzyme inhi-
bition in the cytochrome P450 system [12]. Pregabalin can be combined with SSRIs 
or SNRIs without causing interactions in the cytochrome system. This may be help-
ful for patients complaining about sleep problems which do not result in the first 
weeks of SSRI/SNRI treatment.

Increased CNS depression may occur when drugs with sedating properties are 
combined, e.g., tricyclic antidepressants, benzodiazepines, or pregabalin, resulting 
in unwanted sedation, drowsiness, or increased reaction time. Additive effects at 
neurotransmitter level can occur when medications are combined that have antago-
nistic effects at the same receptors, e.g., two drugs with anticholinergic effects.

 Unresponsiveness to Standard Treatments

When a patient shows insufficient response to treatment, it should be made certain 
that the diagnostic considerations were correct, adherence to the treatment plan was 
sufficient, the dose prescribed had covered the full range, and there had been a trial 
period of adequate duration. When patients report previous treatment failures, it 
often turns out that a drug was only prescribed in the lowest dose or was stopped 
within the first 2  weeks due to side effects, which occurred in the initial phase, 
before the patient could experience improvement. Concurrent medications may 
interfere with efficacy, e.g., enzyme inhibitors. Adverse psychosocial conditions 
may also affect response. Comorbid personality disorders or alcohol/substance 
abuse may complicate anxiety disorders.

If a patient shows no response to treatment in adequate dose after 4 weeks, medi-
cation should be changed. In one analysis, it was found that the chance of respond-
ing beyond the fourth week was 20% or less, if no effect had occurred by the second 
week of treatment [44]. Elderly patients may take longer to respond. If partial 
response is seen after 4 weeks, there is still a chance that the patient will respond 
after another 4–6 weeks of therapy with increased dosages. There have been only 
few controlled trials of treatment-refractory patients with anxiety disorders, and 
“switching studies” are lacking. However, many treatment-unresponsive patients 
are reported to improve after a switch to a different class of antidepressants  
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(e.g., change from one SSRI to another SSRI, or to an SNRI). Studies on a potential 
dose- response relationship of antidepressants are often inconclusive, perhaps due to 
the lack of statistical power for showing a difference between lower and higher 
doses. According to clinical experience, however, a trial with a higher dose in 
patients with insufficient response is warranted.

Table 19.2 contains alternatives for patients who have not responded to or have 
not tolerated standard medications. For all patients who are unresponsive to psycho-
pharmacological drugs, additional CBT is generally recommended, although only 
few randomized studies have been conducted that support this strategy [45, 46].

A combination of antidepressants and benzodiazepines is sometimes used in 
treatment-refractory cases. Moreover, SSRIs/SNRIs can be combined with pregaba-
lin due to the low interaction potential of this combination. When all standard treat-
ments have failed, the off-label use of drugs may be considered, which are licensed 
for another anxiety disorder or are not licensed but have shown efficacy in clinical 
studies. These include quetiapine, agomelatine, and vilazodone.

 Treating Older Patients

Most anxiety disorders are less common in patients over 65 years, with the excep-
tion of GAD. The mean age of patients with PDA, GAD, and SAD in clinical studies 
are 37, 41, and 35, respectively [47]. Only few studies for the treatment of GAD have 
been performed with older patients. Randomized trials have shown the efficacy of 
duloxetine, pregabalin, quetiapine, and venlafaxine in patients over 65 years [9].  

Table 19.2 Stepwise plan for drug treatment if the initial standard drug treatment was not effec-
tive or poorly tolerated∗

Switch from one standard drug to another Switch from one SSRI to another
Switch from an SSRI to an SNRI, or vice 
versa
Switch to a TCA
Switch to pregabalin (only in GAD)

Switch to a second-line drug Switch to a benzodiazepine (only when 
clinically justified)
Switch to phenelzine, opipramol, 
buspirone, moclobemide

Switch to a drug that is approved for other 
anxiety disorders

PDA Pregabalin, duloxetine, 
phenelzine, moclobemide, 
buspirone

SAD Pregabalin, duloxetine, 
phenelzine, buspirone

Switch to a drug that is not approved for the 
anxiety disorder in question but has been 
found effective in RCTs

PDA Mirtazapine, quetiapine
GAD Quetiapine, agomelatine, 

vilazodone

Abbreviations see Table 19.1
∗ Medicolegal issues should be considered whenever drugs that have not been approved for the 
treatment of a certain anxiety disorder are given off label
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In the elderly, increased sensitivity to adverse effects and interactions has been 
observed, including anticholinergic effects, orthostatic hypotension and risk of car-
diovascular events, risk of falling, and paradoxical agitation with benzodiazepines.

 Treating Children and Adolescents

While specific phobias, SAD, and separation anxiety disorder are common in chil-
dren and youths, PDA and GAD are relatively rare before the age of 18. There are 
some randomized placebo-controlled studies of pharmacotherapy of anxiety disor-
ders in children and youths, showing efficacy of sertraline, fluoxetine, and dulox-
etine in young patients with GAD, of venlafaxine and paroxetine in SAD, and of 
sertraline, fluvoxamine, and fluoxetine in mixed samples, including patients with 
separation anxiety disorder, SAD, and GAD [48].

The combination of cognitive therapy and sertraline was found to be more effica-
cious than both treatment modalities alone in children with separation anxiety dis-
order, GAD, or SAD [49].

In a very small study, in which children with separation anxiety disorder who did 
not respond sufficiently to behavioral therapy were randomized to imipramine and 
placebo, the drug failed to show a difference to placebo [50]; however, the sample 
size was perhaps too small to detect a difference.

School refusal is not a DSM-5 diagnostic category; however, the condition is 
mostly a consequence of separation anxiety disorder. In an early study in children 
with school refusal, imipramine was superior to placebo [51]. In another study, 
alprazolam and imipramine were not superior to placebo in children with school 
refusal, but the simple size was too small to detect a difference [52]. The combina-
tion of imipramine and CBT was significantly more efficacious than placebo plus 
CBT with regard to school attendance and depressive symptoms in adolescents with 
school refusal comorbid with anxiety and depression [53]. A study comparing clo-
mipramine and placebo in the treatment of youths with school refusal did not find a 
difference between the two conditions [54].

There had been concerns about increased risk for suicidal ideation (not com-
pleted suicides) in children and adolescents treated for major depression with SSRIs 
(escitalopram, citalopram, paroxetine, and sertraline), mirtazapine, and venlafaxine 
[55]. According to a meta-analysis, the risk/benefit ratio seemed to be most favor-
able with the SSRI fluoxetine [56]. Although suicidal ideation is less common in 
anxiety disorders than in depression, the risks of pharmacological treatment have to 
be weighed carefully against the risks of nontreatment. It was reported that antide-
pressant prescriptions for children and adolescents decreased substantially after the 
European Medicines Agency and the US Food and Drugs Administration issued 
warnings about a possible suicide risk with antidepressant use in pediatric patients 
in 2003/2004 [57] and that the reduced use of antidepressants was associated with 
increases in rates of completed suicides in children and adolescents (although a 
causal relationship is not proven) [58].
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 Separation Anxiety Disorder in Adults

Since 2013, separation anxiety disorder can also be diagnosed in adults, according 
to DSM-5. There is only one controlled study with drug treatment for this condition. 
A small pilot trial comparing vilazodone with placebo in adults with separation 
anxiety disorder did not show a difference in response rates but greater improve-
ment in separation anxiety symptoms [59].

 Selective Mutism

There is also a paucity of treatment studies for children with selective mutism. 
Small studies have shown that psychotherapeutic approaches were at least better 
than wait list controls [60, 61]. Only two very small placebo-controlled drug studies 
were found according to a review [62], showing the efficacy of the SSRIs fluoxetine 
and sertraline.

 Pregnancy and Breastfeeding

When pregnant women suffer from an anxiety disorder, the risk of an untreated 
anxiety disorder must be weighed against the risk of damage to the unborn child as 
a result of drug treatment. A large study suggested no substantial increase in the risk 
of cardiac malformations attributable to use of antidepressants during the first 
3 months of pregnancy [63]. Antidepressants have been associated with increased 
risk of spontaneous abortions, stillbirths, early deliveries, respiratory distress, and 
endocrine and metabolic dysfunctions [64]. However, the current evidence suggests 
that the use of many antidepressants, especially the SSRIs, is favorable compared to 
exposing the mother to the risks of untreated depression or anxiety disorders [65].

Likewise, a careful assessment of the risk/benefit balance has to be done when a 
mother is breastfeeding. In such cases, CBT should be considered as an alternative 
to medication treatment.

 Combining Psychotherapy and Medication

Patients require supportive talks and attention to the emotional problems that are 
associated with the anxiety disorder. Psychoeducation includes information about 
the physiology of the bodily symptoms of anxiety reactions and the rationale of 
available treatment possibilities. Many patients may require formal psychological 
treatment interventions, which are mostly done on an outpatient basis. In the case of 
phobic avoidance, exposure techniques should be included in the treatment sched-
ule, in which patients are exposed to their feared situations.
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Both psychotherapy and pharmacotherapy have been shown to be more effective 
than control groups. However, while drugs are mostly compared with placebo con-
trols, the evidence for psychotherapy in anxiety disorders is mainly based on com-
parisons with a “wait list,” a control method that was used in 70–75% of the studies 
in adults and children [2, 66, 67]. Because pill placebos have much higher effect 
sizes than wait list controls, the effect size differences between active and control 
conditions cannot be compared between psychotherapy and medication studies. 
Therefore, our research group conducted a large meta-analysis of all available con-
trolled short-term studies for anxiety disorders and compared the pre-post effect 
size differences (before and after treatment) between medications and psychothera-
pies [2]. In this meta-analysis, which was based on studies with around 35,000 
patients, antianxiety drugs were associated with a significantly higher average pre- 
post effect size (Cohen’s d = 2.02) than psychotherapies (d = 1.22; p < 0.0001). It 
was also found that patients included in psychotherapy studies were less severely ill 
than those recruited for medication trials. Patients should be informed about the 
relative efficacy of the treatment options they are offered.

The meta-analysis also showed that combinations of psychotherapy and pharma-
cotherapy had a relatively high effect size (d = 2.12). However, only few combina-
tion studies were available for this comparison, and some of these have not been 
conducted with the most powerful drugs.

It is a common opinion that patients treated with medications show immediate 
relapse after stopping the treatment, whereas gains of psychotherapies are main-
tained for years after treatment termination. This would offer psychological thera-
pies considerable advantage over pharmacological treatment. In a meta-analysis of 
follow-up studies with psychotherapy and medication, it was found that patients 
who have terminated psychotherapy maintain their gains for up to 2 years; however, 
the same enduring effects have been found within patients who had stopped medica-
tion [68].

 Novel Treatment Approaches

In the 1980s and 1990s, many new pharmacological drugs have been developed for 
the treatment of anxiety disorders. However, since then, there has been substantial 
decline in the number of clinical studies with developmental drugs for anxiety dis-
orders. The first reason is that we now already have a large number of drugs that are 
effective and well tolerated for the treatment of these disorders. The second reason 
is that more and more pharmaceutical companies have withdrawn from the develop-
ment of new drugs because an increasing number of national and international regu-
lations for new drug application have made the process increasingly expensive and 
time-consuming. Moreover, any novel drug developed for anxiety disorders has to 
compete with medications which are already on the market and are very inexpensive 
because the patents of all licensed antianxiety drugs have expired and, therefore, 
generic drugs are widely available.
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In the past decades, research on the neurobiological backgrounds of the anxiety 
disorders has substantially increased our knowledge of the etiology of these disorders. 
While the boom of anxiety drugs in the 1980s and 1990s has stimulated a huge num-
ber of studies on the neurochemistry of anxiety disorders [4], there has been a substan-
tial shift to genetic studies and neuroimaging [3]. However, we still do not have 
evidence that a specific dysfunction of a neurotransmitter system is the main cause for 
pathological anxiety. Still, probably the most robust evidence exists for an involve-
ment of the serotonin system, which is based on the observation that a large number 
of drugs that are effective treatments for anxiety disorders have a common denomina-
tor, i.e., that they modulate serotonergic neurotransmission. The main mechanism of 
action of these antidepressants is serotonin reuptake inhibition, but other serotonergic 
drugs have agonist or antagonist properties at various serotonin receptors.

 Serotonergic Drugs

In the past years, few new serotonergic drugs came to the market. Unfortunately, 
pharmaceutical companies are reluctant to develop new serotonergic drugs, although 
this might be the most promising research line, given the efficacy of so many sero-
tonergic antidepressants in anxiety disorders. If a manufacturer would spend enor-
mous development costs for such a new drug, it would most likely be treated as a 
“me-too” drug and would compete with low-price SSRIs.

 GABAergic Drugs

Other medications that are effective treatments for anxiety act at the γ-aminobutyric 
acid (GABA) binding site by reinforcing the effects of GABA. Recent research has 
focused on developing drugs that target the GABA receptor but do not have the 
unwanted side effects of benzodiazepines, including sedation and addiction. 
Flavonoids, which are widely distributed in plants and fungi, have selective affinity 
for GABAA receptors and demonstrated anxiolytic-like activity in laboratory ani-
mals, but they are devoid of the adverse side effects of benzodiazepines. 
Methoxyflavanone, a positive allosteric modulator of GABAA, exerted an anxiolytic- 
like effect in rodents [69]. ADX71441, a novel, potent, and selective GABAB posi-
tive allosteric modulator, had anxiolytic properties in mice [70]. Also, the GABA 
transporter (GAT) may be a target for antianxiety agents. A novel, potent, and selec-
tive inhibitor of the GAT1, the guvacine derivative DDPM-2571, had anxiolytic 
effects in rodents [71].

Additionally, drugs that target the translocator protein (18 kDa), formerly called 
the peripheral or mitochondrial benzodiazepine receptor, may have anxiolytic prop-
erties. The translocator protein ligand XBD173 reinforced GABA-mediated neuro-
transmission and blunted induced panic attacks in rodents without causing sedation 
and tolerance [72]. Another novel ligand of translocator protein (18 kDa), ZBD-2, 
had anxiolytic-like effects in mice [73].
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However, there is a long way from rodent studies to a new class of drugs that 
could replace the benzodiazepines. To date, there have been no successful trials in 
humans showing the efficacy of such medications. The GABAA positive allosteric 
modulator PF-06372865 was not superior to placebo in a small study with GAD 
patients [74].

 Glutamatergic Drugs

Glutamate is the major excitatory neurotransmitter in the brain. It was thought that 
mechanisms that suppress glutamate hyperexcitability might lead to novel anxiolyt-
ics. However, the glutamatergic drugs that have been studied so far often have prob-
lematic side effects [75], and therefore their development was terminated. However, 
recent preclinical studies have opened new perspectives for drugs targeting metabo-
tropic glutamate (mGlu) receptors, showing the efficacy of mGlu5 receptor negative 
allosteric modulators, group II mGlu receptor orthosteric agonists, and positive 
allosteric modulators as anxiolytic agents [76].

 Other

Other research lines in the search for biomarkers of anxiety focused on the role of 
neurotransmitters such as serotonin, norepinephrine, dopamine, neuropeptides (e.g., 
cholecystokinin), neurokinins, atrial natriuretic peptide (ANP), or oxytocin. 
Moreover, research on the hypothalamic-pituitary-adrenal (HPA) axis or neuro-
trophic factors such as nerve growth factor (NGF) and brain-derived neurotrophic 
factor (BDNF) may result in the development of putative antianxiety medications 
[4]. A novel μ-opioid agonist, PILAB 8, was shown to have anxiolytic properties in 
mice [77]. Also, drugs that target the endocannabinoid system have been investi-
gated in animals [78]. For example, the drug O-1602 which acts at the newly 
detected cannabinoid receptor GPR55 mediates anxiolytic-like effects in mice [79]. 
Curcumin is a substance contained in the natural spice turmeric (curcuma). It is the 
“natural” COX-2 inhibitor, because it can downregulate COX-2 expression. It has 
shown a potential to reduce depressive and anxious symptoms in patients with 
depression [80].

 Conclusions

Anxiety disorders are the most prevalent mental disorders. A large database of ran-
domized controlled trials permits the formulation of evidence-based recommenda-
tions for the treatment of PDA, GAD, and SAD. In most cases, drug treatment and 
CBT may substantially improve quality of life in GAD patients. Unfortunately, the 
development of novel medications for anxiety disorders has stagnated in the recent 
years.
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 Introduction

Benzodiazepines (BZs) have been used for treatment of anxiety and anxiety disor-
ders for over half of a century. The first BZ, chlordiazepoxide, was synthesized by 
Leo Sternbach in the mid-1950s, and the first reports of its clinical use were pub-
lished in 1960 (e.g., 1). Sternbach subsequently fairly quickly discovered several 
other BZs, such as diazepam, clonazepam, flurazepam, nitrazepam, and flunitraze-
pam. In addition to antipsychotics, antidepressants, and stimulants, psychiatry’s 
armamentarium was thus enriched by a new group of medications that were effec-
tive and easy to use, acted quickly, had no unpleasant side effects, and made anxious 
people feel better.

BZs started to be widely used by physicians not just because of their ability to 
quickly alleviate anxiety but also for their anticonvulsants, hypnotic, muscle- 
relaxing, and sedative properties. BZs became one of the most prescribed classes of 
psychotropic medications [2]. For instance, in 2008, approximately 5.2% of US 
adults aged 18–80 years used BZs [2], and there were 85 million BZ prescriptions 
issued in 2007 for outpatients with anxiety and mood disorders [3]. Psychiatrists 
have been historically apprehensive about BZ abuse potential, withdrawal effects, 
and possible side effects associated with long-term use. Thus, BZs have been more 
frequently prescribed by primary care physicians. With the arrival of selective sero-
tonin reuptake inhibitors (SSRIs) during the 1990s and their subsequent approval 
for use in anxiety disorders, the use of BZs by psychiatrists has become even more 
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limited. SSRIs and other antidepressants (ADs) became a preferable pharmacologi-
cal choice for treatment of anxiety disorders among psychiatrists, with their use 
being promoted in various practice guidelines.

Interestingly, as Rickels [3] pointed out, “no evidence for the superiority of the 
newer ADs over BZs, both in terms of efficacy or safety, exists for either short-term 
or long-term treatment. BZ toxicity, adverse events, and withdrawal symptoms, not 
better efficacy, are usually cited in support of the use of ADs over BZs in anxiety 
disorders. Yet ADs are not better tolerated than BZs and they also cause withdrawal 
symptoms.” In a systematic review and meta-analysis, Offidani and colleagues [4] 
demonstrated that treatment with BZs resulted in comparable or greater improve-
ments and fewer adverse events in patients suffering from generalized anxiety dis-
order or panic disorder and that BZs were more effective in reducing panic attacks 
than tricyclic antidepressants.

BZs are clearly useful, efficacious, and effective medications for the treatment of 
anxiety disorders. As within the framework of this book, we are rethinking anxiety 
disorders, and the time has come to rethink the role of BZs in the treatment of these 
disorders. For the purpose of this book, we are discussing the use of BZs in anxiety 
disorders in terms of the Diagnostic and Statistical Manual of Mental Disorders, 
Fifth Edition (DSM-5) [5]. Thus, we will focus mostly on the use of BZs in panic 
disorder, generalized anxiety disorder, agoraphobia, social anxiety disorder, specific 
phobia, and anxiety disorder due to another medical condition. However, we would 
like to acknowledge that BZs are effective in many other disorders, such as trauma- 
and stressor-related disorders, obsessive-compulsive and related disorders, sleep 
disorders, and anxious depression and as adjunctive treatment for anxiety within the 
frame of mood, psychotic, and other disorders.

 Benzodiazepines: Basic Pharmacology and Classification

 Mechanism of Action

All BZs have a similar structure: their molecules include a 1,4 benzodiazepine ring, 
but they differ by the rest of the molecule (2-keto; 3-hydroxy, 7-nitro, triazolo, and 
imidazo benzodiazepines).

The mechanism of action of BZs involves the potentiation of gamma- aminobutyric 
acid (GABA), the main inhibitory neurotransmitter in the central nervous system 
(CNS). BZs bind to the BZ receptors which are a part of the GABA-A-benzodiazepine 
receptor complex connected to the chloride channel. The GABA-A receptor is basi-
cally a chloride channel regulated by GABA binding. GABA “opens” the chloride 
channels by binding to these receptors and thus inhibits neuronal excitability by the 
influx of chlorine ions into the cell, which helps to stabilize the membrane potential 
close to the resting level. GABA actually works on the GABA-A receptor alone. 
While GABA binds to the receptor, the opening and closing of the chloride channel 
occurs more frequently, which results in inhibition. However, when BZs bind to this 
receptor complex, the GABA-A receptor is allosterically modulated, and the action 
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of GABA is potentiated with the greater influx of chloride ions into the cell (BZs 
alone, without GABA, cannot influence chloride flow). It is important to note that 
the GABA-A receptor has several subunits (α1, α2, and α3 and several more). 
Receptors with different subunits seem to regulate different activities – e.g., α1 is 
more implicated in sedative-hypnotic activity, while α2 is more involved in anxio-
lytic activity. The distribution of these receptors in the CNS also varies (e.g., α1 can 
be found mostly in the cortex and cerebellum, while α2 is more prominent in the 
cortex, limbic system, and spinal cord and α3 in the periphery). Most BZs bind to all 
three subunits, though BZs binding mainly to the α1 subunit have also been devel-
oped (halazepam, quazepam).

As far as pharmacokinetics of BZs is concerned, BZs differ in their speed of 
absorption from the gastrointestinal tract, which also determines the speed of their 
action (diazepam is absorbed more quickly than some others). BZs are highly lipo-
philic, which helps crossing the blood-brain barrier. They differ in their lipophilic-
ity, though, and drugs that are more lipophilic (e.g., diazepam) have quicker onset 
of action.

BZs also differ in their half-life, existence of metabolites (e.g., oxazepam has 
none, while diazepam has several, e.g., desmethyldiazepam), duration of action, and 
metabolism. BZs are metabolized in the liver through two principal pathways [6], 
microsomal oxidation or glucuronide conjugation, followed by excretion through 
the kidneys. The glucuronide conjugation is considered less susceptible to and 
impaired by various disease processes and medication than oxidation, and thus BZs 
metabolized through glucuronide conjugation are considered safer in some sub-
populations (e.g., elderly). Some BZs are prodrugs, i.e., they are not active, but their 
metabolites are.

 Classification

There are various ways to classify BZs: according to their structure, pharmacokinet-
ics (half-life), pathway of metabolism, and intensity of hypnotic-sedative effect. We 
list the best known examples in each classification, as the list of all BZs is beyond 
the scope of this chapter. There are well over 60 BZs with hundreds of brand names 
available around the world. Most BZs are indicated for treatment of anxiety, but 
some (estazolam, flurazepam, quazepam, temazepam, and triazolam) are also indi-
cated (in the USA) for insomnia (among other indications).

 A. Classification based on structure.
2-Keto benzodiazepines: chlordiazepoxide, clorazepate, diazepam, flurazepam, 

halazepam, prazepam.
3-Hydroxybenzodiazepines: lorazepam, lormetazepam, oxazepam, temazepam.
7-Nitro benzodiazepines: clonazepam, flunitrazepam, nimetazepam, 

nitrazepam.
Triazolo benzodiazepines: adinazolam, alprazolam, estazolam, triazolam.
Imidazo benzodiazepines: climazolam, loprazolam, midazolam
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 B. Classification based on pharmacokinetics.
 1. Benzodiazepines with short half-life: midazolam, oxazepam, triazolam.
 2. Benzodiazepines with intermediate half-life: alprazolam, bromazepam, 

estazolam, lorazepam, lormetazepam, temazepam.
 3. Benzodiazepines with long half-life: chlordiazepoxide, clobazam, clonaze-

pam, clorazepate, diazepam, flurazepam, halazepam, medazepam, prazepam, 
quazepam

 C. Classification based on metabolism.
 1. By oxidation: alprazolam, bromazepam, chlordiazepoxide, clonazepam, clo-

razepate, diazepam, estazolam, flurazepam, midazolam, prazepam, quaze-
pam, triazolam, and others.

 2. 2. By glucuronide conjugation: lorazepam, lormetazepam, oxazepam, and 
temazepam only

 D. Classification based on relative intensity of sedative-hypnotic effect.

Some benzodiazepines, such as alprazolam, clonazepam, clorazepate, diazepam, 
and oxazepam, have a fairly low sedative-hypnotic effect, while this effect is much 
more pronounced with other benzodiazepines, such as flurazepam, midazolam, 
nitrazepam, and triazolam.

 Evidence of Efficacy of Benzodiazepines in Anxiety Disorders

BZs arrived during the 1960s when the regulatory rules, clinical trials, and diagnos-
tic system were different from those of today. The three anxiety disorder diagnoses 
used before 1980 (arrival of DSM-III [7]) were anxiety neurosis, phobic neurosis, 
and obsessive-compulsive neurosis. The delineation of panic disorder, agoraphobia 
with and without panic attacks, and generalized anxiety disorder came with DSM- 
III [7] during the time when most BZs (with the main exception of alprazolam) were 
already a part of the psychiatric armamentarium and frequently out of patent. For 
obvious reasons, the pharmaceutical industry had not much interest in investing in 
the evaluation of many BZs in “new” indications delineated in DSM-III. Further 
changes in the classification of anxiety disorders were introduced in DSM-III-R [8]. 
Thus, BZ registration trials for use in diagnostic categories developed since the 
DSM-III have not been conducted, except for alprazolam for panic disorder. 
Nevertheless, there exist data from clinical trials supporting the use of BZs in anxi-
ety disorders.

 Panic Disorder with and Without Agoraphobia

The first trial examining BZs in this indication compared diazepam and propranolol 
in 21 patients with panic disorder and agoraphobia [9]. Panic attacks and phobic 
symptoms responded to diazepam, but not to propranolol.
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The strongest evidence for efficacy of BZs in anxiety disorders comes from eval-
uation of alprazolam in panic disorder. Alprazolam arrived during the late 1980s 
and was examined in a number of clinical trials. Ballenger and colleagues [10, 11] 
studied alprazolam in a placebo-controlled, 8-week, flexible dose trial of 526 
patients (481 completed 3 weeks of treatment) with agoraphobia with panic attacks 
and panic disorder. Alprazolam was significantly more effective than placebo in 
improving spontaneous and situational panic attacks, phobic fears, avoidance 
behavior, anxiety, and secondary disability already at week 1. At week 4, 83% of 
patients on alprazolam vs. 43% of patients on placebo were moderately improved or 
better; and 50% of alprazolam recipients vs. 28% of placebo recipients were free of 
panic attacks. Alprazolam was well tolerated, and 84% of alprazolam patients vs. 
50% of placebo patients completed the study. In an interesting report [12] analyzing 
the data from this study [10, 11], the authors examined Donald Klein’s theory [13] 
that the initial event in panic disorder is an unexpected panic attack followed by 
anticipatory anxiety and agoraphobia. Their finding [12] that panic attacks remitted 
before phobias seems to indirectly support Klein’s theory [13].

As the efficacy of alprazolam in panic disorder and agoraphobia with panic 
attacks was established, a question was raised whether alprazolam is unique among 
antianxiety agents as to its efficacy. Thus, alprazolam was also compared to several 
other medications. In a double-blind, placebo-controlled study of 55 patients with 
panic disorder and agoraphobia with panic attacks, alprazolam was superior to pro-
pranolol [14]. Two trials [15, 16] found lorazepam as effective as alprazolam in this 
indication. Some interesting observations regarding the doses were made: in one 
study [15], the mean dose of lorazepam was 7 mg vs. 3 mg alprazolam daily; in the 
other study [16], the dose of lorazepam required for antipanic efficacy was twice 
that of alprazolam, a ration that was considered consistent with the relative potency 
of these drugs for generalized anxiety. In another study [17], clonazepam was found 
to be similarly effective to alprazolam in the treatment of panic disorder.

As it became clear that BZs are probably all effective in the treatment of panic 
disorder and agoraphobia with panic attacks, the question remained whether BZs 
are similarly effective as antidepressants in this indication. In a large multicenter, 
double-blind, placebo-controlled study of 1168 panic disorder patients comparing 
alprazolam and imipramine, improvement with alprazolam occurred by week 1 and 
2 while with imipramine by week 4. By the end of week 8, the effects of both medi-
cations were similar and superior to placebo [18]. In a 6-month maintenance treat-
ment study [19] comparing alprazolam with imipramine or placebo, all patients 
who completed the maintenance phase were panic free, both medications produced 
significant panic relief, but imipramine was associated with poorer patient 
acceptance.

Interestingly, as pointed out by Offidani and colleagues [4], there have not been 
many comparisons of efficacy of BZs and SSRIs. In a series of reports [20–22], 
Nardi and colleagues compared clonazepam and paroxetine in patients with panic 
disorder with and without agoraphobia. The first report [20] from a randomized, 
open-label, naturalistic 8-week study of 63 patients on clonazepam (target dose 
2 mg) and 57 patients on paroxetine (target dose 40 mg) demonstrated the efficacy 
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of both medications, with clonazepam performing better on several measures of 
panic and anxiety and being better tolerated. The second report [21], a 3-year fol-
low- up of the same cohort of patients (47 on clonazepam and 37 on paroxetine), 
showed that both medications remained effective in reducing the frequency of panic 
attacks and anxiety, with clonazepam showing a small but significantly better 
improvement on the Clinical Global Impressions improvement rating. After 3 years, 
treatment was discontinued in patients who had achieved remission. The last report 
[22] focused on relapse rate in these patients with follow-up at years 1, 2, 3, 4, 5, 
and 6 after treatment discontinuation. Cumulative relapse rate in 85 patients who 
completed follow-up was 50% at year 1 and 89.4% at year 6. One-year relapse rates 
were lower in patients previously treated with clonazepam than in those previously 
treated with paroxetine, and low 6-year relapse rates were associated with high anx-
iety rating scores before treatment and previous treatment with clonazepam.

BZs are clearly effective and efficacious in treatment of panic disorder with or 
without agoraphobia, are well tolerated, and it seems that they are suitable for a long 
treatment in this indication, too.

 Generalized Anxiety Disorder

BZs have been used in treatment of symptomatology akin to symptomatology of 
generalized anxiety disorder (GAD) (e.g., 1) since their inception. Similar to panic 
disorder, double-blind, placebo-controlled, mostly short-term trials examining their 
efficacy started to appear during the 1980s. In 1982, Chouinard and colleagues [23] 
reported on the efficacy of alprazolam in GAD and panic disorder in a small double- 
blind study. Alprazolam up to 3 mg/day was effective in both disorders. Interestingly, 
Elie and Lamontagne [24] found that both alprazolam (average dose 2 mg/day) and 
diazepam (average dose 15.8 mg/day) were effective in GAD, with diazepam being 
more effective than alprazolam in the reduction of several symptoms of anxiety and 
depression.

Several other BZs were tested in GAD. Two placebo-controlled studies [25, 26] 
demonstrated the efficacy of lorazepam in GAD, one in comparison with bromaze-
pam (both equally effective) [25] and another one [26] finding both oral and sublin-
gual forms of lorazepam effective in GAD. Bromazepam was also found equally 
helpful in GAD as chlorprothixene [27]. Etizolam displayed anxiolytic activity 
equivalent to those of alprazolam and bromazepam and possessed a more antide-
pressant effect than alprazolam or bromazepam [28]. The long-acting chlordes-
methyldiazepam was a more effective therapy for GAD than lorazepam in a trial by 
Berlin and colleagues [29]. Finally, adinazolam-SR was superior to placebo in the 
treatment of GAD in another trial [30].

To further explore their usefulness and place among antianxiety medications, 
BZs were compared to other drugs with anxiolytic properties. As mentioned, bro-
mazepam and chlorprothixene were equally effective in a multicenter study of 245 
GAD patients in a general practice [27]. Two studies [31, 32] compared diazepam 
and one [33] alprazolam to modest doses of buspirone. Diazepam [32] and 
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alprazolam [33] produced a more rapid improvement, but BZs were equally effec-
tive at the endpoints. One of these studies [31] suggested that buspirone may be 
particularly indicated for anxious patients with depression. In an interesting study 
by Rickels and colleagues [34], abercanil (anxioselective β-carboline) and diaze-
pam provided more symptom relief than placebo at the end of week 1; however, 
only diazepam differed from placebo at week 6.

Similar to panic disorder, not many trials compared BZs in GAD to antidepres-
sants. Rickels and colleagues [35] compared diazepam to imipramine and trazodone 
in a placebo-controlled trial of 230 GAD patients (depression and panic disorder 
were excluded). At the end of week 8, moderate to marked improvement was 
reported by 73% of patients treated with imipramine, 69% of patients treated with 
trazodone, 66% patients treated with diazepam, and only 47% of patients on pla-
cebo. Imipramine (max 143 mg/day) had somewhat better anxiolytic efficacy than 
diazepam (22 mg/day). Only two studies [36, 37] provided any data on comparisons 
of BZs and newer antidepressants. There were no differences in response rate 
between venlafaxine XR, diazepam, and placebo in one of these studies [36], and 
both lorazepam and paroxetine were significantly better than placebo, with loraze-
pam separating from placebo earlier in the other one [37].

A recent meta-analytic review [38] of BZs, SSRIs, and serotonin-norepinephrine 
reuptake inhibitors (SNRIs) of 54 articles reporting the results of 56 studies on the 
use of these medications in GAD concluded that “the most common forms of phar-
macotherapy for adult GAD are moderately effective, with BZs being the most 
effective drugs.” Reinhold and Rickels [39] also wrote that “Evaluation of the litera-
ture suggests consistent, reliable efficacy of BZs in improving the central features 
of GAD – both the psychiatric and somatic. BZs elicit an earlier response than the 
ADs and provided that a response occurs by the eight week, it tends to be sustained 
throughout the length of treatment.”

 Social Anxiety Disorder (Social Phobia)

Two observations [40, 41] noted a positive response to alprazolam in a small num-
ber of patients with social phobia. Subsequently, two reports [42, 43] described a 
positive response to clonazepam in small groups of patients suffering from social 
phobia.

Clonazepam was found effective in relieving anxiety, phobic avoidance, and 
social phobic symptoms in 23 patients with social phobia in a study comparing 
clonazepam to no treatment [44]. Finally, in a double-blind, placebo-controlled trial 
of clonazepam in 75 outpatients with social phobia, clonazepam was found signifi-
cantly more effective than placebo. Response rates were 78.3% for clonazepam and 
20% for placebo [45].

Clonazepam was also compared to other treatments for social phobia. Patients 
treated either with clonazepam or cognitive-behavioral group therapy improved sig-
nificantly, and the differences between treatment conditions were absent, except for 
improvement with clonazepam on several measures at week 12 in a study by Otto 
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and colleagues [46]. A small study by Seedat and Stein [47] with a complicated 
design found a trend favoring the combination of clonazepam and paroxetine over 
paroxetine/placebo group. Global outcome measures also favored the combination 
of clonazepam with paroxetine over paroxetine alone.

Clonazepam thus seems to be a suitable, effective, and well-tolerated treatment 
for social phobia.

 Other Anxiety Disorders

Alprazolam in combination with house calls was described as helpful in a small 
placebo-controlled study of 12 patients with agoraphobia [48]. Intranasal mid-
azolam was effective in claustrophobia induced by MR imaging in a randomized, 
placebo-controlled study of 54 patients scheduled for MR imaging [49]. BZs are 
frequently used in fear of flying, but no study have been done in this indication.

 Dependence and Withdrawal Symptoms

BZ dependence is arguably the most controversial aspect of the use of these phar-
macological agents. To a large extent, this is due to the negative connotations of the 
concept of dependence. In addition, this concept has often been confused with the 
notions of abuse and addiction.

BZ dependence is a physical or pharmacological dependence that denotes a 
physiological adaptation to the presence of BZs that is required to maintain their use 
[50]. As such, dependence develops in all patients who use BZs long-term, even 
after only a few months. It does not reflect pathology and is similar to dependence 
that develops during administration of other drugs. The usual manifestations of 
dependence, including BZ dependence, are tolerance and/or withdrawal symptoms. 
Thus, tolerance and withdrawal symptoms are regarded as an “evidence of normal 
adaptation” [51] to a long-term substance use.

Tolerance refers to a need for greater amounts of the substance to achieve desired 
effect or a markedly decreased effect if the substance continues to be administered 
in the same dose. Tolerance does occur when BZs are abused, and there have been 
reports of tolerance to the therapeutic (anxiolytic) effects of BZs. However, a con-
vincing evidence now exists that tolerance to the anxiolytic effects of BZs usually 
does not develop during long treatment of anxiety disorders, especially panic disor-
der [21, 52–56]. Consequently, escalation of doses of BZs and loss of their thera-
peutic benefit are rarely seen when patients with anxiety disorders use BZs long-term 
for therapeutic reasons – as anxiolytic agents – and in the absence of other sub-
stance abuse issues.

The main implication of BZ dependence is the likelihood of the withdrawal 
symptoms if BZs are ceased abruptly after long-term use. These withdrawal symp-
toms are common, although not inevitable. One early study reported that withdrawal 
problems occurred in only 40% of those who took BZs regularly [57]. BZ 
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withdrawal often resembles a recurrence of an anxiety disorder and consists of vari-
ous nonspecific symptoms such as restlessness, irritability, insomnia, feelings of 
weakness or fatigue, numbness or tingling sensations, nausea, stomach cramps, flu- 
like symptoms, muscle cramps, involuntary movements, and unsteady gait. The 
relatively specific BZ withdrawal symptoms include hypersensitivity to various 
stimuli, perceptual disturbances, “metallic taste,” distorted body image, deperson-
alization and derealization, confusion, ringing in the ears, and a sense that things are 
moving as if being on a boat. Although unpleasant and distressing, BZ withdrawal 
symptoms are rarely serious or life-threatening (e.g., seizures). They usually last 
from several days to 4 weeks but can last longer. Withdrawal symptoms may abate 
without specific treatment and usually produce no long-lasting consequences.

Withdrawal symptoms should be distinguished from rebound symptoms upon 
BZ cessation. The latter represent an exacerbation of the primary condition, usually 
anxiety disorder, for which BZs were originally prescribed. Rebound symptoms 
may be more severe than those experienced before the medication was commenced. 
Given the manifestations of BZ withdrawal, it may be difficult to make a distinction 
between the withdrawal and rebound symptoms in clinical practice. However, their 
implications are very different, as rebound symptoms call for BZs to be reinstated 
and perhaps for another treatment modality to be added.

An effort should be made to prevent and alleviate BZ withdrawal symptoms. The 
key consideration in this regard is engaging patients in the treatment planning and 
decision-making process. This increases the chances of the right timing for BZ ces-
sation, so that it is suggested only when patients are ready for it, i.e., able to cope 
with anxiety or distress without relying on medication and feeling relatively com-
fortable when facing the symptoms [58]. Coercion of any kind, including a threat to 
stop prescribing BZs if the patient is unwilling to discontinue them or pressuring 
patients to complete taper within a rigidly set time limit, is likely to lead to more 
difficulties and should be avoided.

Once a decision has been made to discontinue BZs after long-term treatment, 
this should be done gradually and in an individualized manner, discussing and nego-
tiating with patients the rate of taper that they feel comfortable with. This rate can 
be changed during the taper, depending on patients’ response to a decreasing dose 
of the medication and level of discomfort. As a result, the duration of taper varies 
substantially – between several weeks and more than 12 months. BZs with a shorter 
half-life (e.g., alprazolam) are generally more likely to be associated with more 
intense withdrawal symptoms than BZs with a longer half-life (e.g., clonazepam). 
Techniques of CBT can also facilitate the taper.

Considering the nature and the course of BZ withdrawal symptoms, it is some-
what paradoxical that there is such a widespread fear of them. Several reasons can 
account for it. The first has to do with sheer ignorance and misinformation. Secondly, 
there are terminological issues and inherently negative connotations of the term 
“withdrawal symptoms” and the accompanying sinister expectations. Moreover, 
media have tended to portray BZ withdrawal symptoms in a negative, sensationalist 
manner. Still another reason is a deliberate exaggeration of the severity and conse-
quences of BZ withdrawal. This has occurred because of the conflict of interest, 
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when promoting the alleged or real advantages of alternative pharmacotherapy (e.g., 
SSRIs) or psychological treatment (e.g., CBT). The fear of BZ withdrawal symp-
toms motivates some patients to continue taking BZs even when they do not seem 
to benefit from treatment. Such patients are often hypervigilant about any bodily 
changes and likely to misinterpret minor symptoms during minimal dose reductions 
as signs of withdrawal, which reinforces the erroneous notion that they are 
“addicted” to BZs and that they will never be able to cease them. These consider-
ations underscore a need for proper education of both BZ users and BZ 
prescribers.

The characteristics of BZ dependence that develops in the context of long-term 
treatment, especially its occurrence even with relatively low doses of the medication 
and the combination of little or no tolerance with the likelihood of withdrawal 
symptoms upon abrupt discontinuation, have led to various terms in an effort to 
describe what may be relatively specific for BZ dependence and how it differs from 
dependence that is encountered in the context of drug abuse or addiction. These 
terms include “therapeutic dose dependence” [59, 60], “therapeutic dependence” 
[61, 62], “nonaddictive dependence” [63], “low-dose iatrogenic dependence” [64], 
and “low-dose dependence” [65].

“Psychological dependence” is a term that has been used somewhat loosely with 
reference to BZ dependence. This phenomenon has no basis in the pharmacological 
properties of BZs and is not a part of the physiological adaptation to the presence of 
BZs. It is not a form of BZ abuse and does not suggest addiction. Due to its propen-
sity to be misused or misinterpreted, it should best be avoided. One of its manifesta-
tions is “talisman dependence,” which denotes a need to constantly carry tablets of 
BZs and have them close at hand in case the person needs the medication. This is a 
safety behavior that should best be addressed during psychological therapy of the 
underlying condition (usually an anxiety disorder). “Last dose dependence” is 
another form of “psychological dependence,” which refers to an inability to com-
plete the hitherto successful BZ taper. This suggests an overreliance on medication 
and may mean that the patient is not quite ready for medication cessation.

An approach to BZ dependence should be rational, without appealing to its pos-
sible emotional connotations. Consequently, BZ dependence should neither be 
overestimated nor trivialized and needs to be approached like any other 
pharmacotherapy- related issue. A statement made by Dell’Osso et al. [66] reflects 
this position succinctly: “Dependence is neither a valid reason to continue prescrib-
ing nor a sufficient reason, on its own, to refuse to prescribe BZs.”

 Abuse and Addiction

Substance abuse is no longer an official diagnosis in the DSM system. Although 
there are various definitions of substance abuse, they all have in common two ele-
ments: [1] a pattern of excessive, indiscriminate or inappropriate substance use and 
[2] various negative consequences of such substance use. These consequences per-
tain to physical and mental health problems, difficulties in terms of social or 
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interpersonal functioning, and/or legal issues. Features that are often associated 
with substance abuse include craving (intense or abnormal desire or longing for the 
substance), unnecessarily prolonged use, dose escalation, and tolerance.

BZs are often considered to have a high abuse potential, but this is true only in 
the context of other substance abuse. The mood-modulating and/or euphoria-like 
effects of BZs in such a context are the main reason for craving and BZ abuse. 
Consequently, these agents can be used as “downers” or mild euphoriants, usually 
in combination with other drugs or while abstaining from them.

Patients who are prescribed BZs for their anxiety disorder rarely abuse them in 
the absence of other substance abuse issues. This is related to the findings that nei-
ther craving for BZs nor BZ-induced euphoria have been consistently reported in 
anxiety disorder patients taking BZs long-term. In this context, it is important to 
emphasize that interpreting as euphoria a BZ-induced relief from anxiety, tension, 
distress, and/or misery among patients with anxiety disorders and the subsequent 
“good” and “calming” feeling is erroneous.

In 1990, the American Psychiatric Association Task Force Report on benzodiaz-
epine dependency concluded that “BZs … are not widely abused drugs. When abuse 
does occur, it is almost always among persons who are also actively abusing alco-
hol, opiates, or other sedative hypnotics. In these people, diazepam and alpra-
zolam  – the most commonly used benzodiazepines  – are the most abused 
benzodiazepines.” [67]. This report also noted that cocaine abusers use BZs to ease 
the “crash” of the rapid decline in euphoria. This assessment continues to be rele-
vant and is a concise summary of what is known about BZ abuse.

Like the term “abuse,” the term “addiction” does not relate to an official DSM 
diagnosis and has also suffered from too many definitions and a tendency to be 
equated with dependence. In recent times, the emphasis in the conceptualization of 
addiction has shifted from substances to behaviors. Thus, one influential approach 
to the definition of addiction [68, 69] focuses on “behavioral engagement” and pos-
its that the core features of addiction include an urge or a craving that immediately 
precedes behavioral engagement, poor self-control over behavioral engagement, 
continued behavioral engagement despite its adverse consequences, and “compul-
sive” behavioral engagement, which refers to a continued use of the substance to 
avoid withdrawal symptoms. This approach is very much in line with other defini-
tions that consider impairment in behavioral control (over substance use) and related 
inability to consistently abstain the key components of addiction [70].

In view of the above definitions, it is clear that addiction and dependence must 
not be considered interchangeable terms. Moreover, dependence can exist without 
addiction [71], and this is perhaps nowhere more evident than with BZs [72]. 
Therefore, a response to the frequently posed question of whether patients depen-
dent on BDZs are inevitably addicted must not be an affirmative one. As already 
noted and in contrast to substance addiction, BZ dependence is not characterized by 
craving and an all-encompassing preoccupation with BZs, and there is no compul-
sive or uncontrolled, drug-seeking behavior. Tolerance and adverse health and/or 
social consequences are usually not associated with BZ dependence, whereas they 
are a part of substance addiction. Withdrawal upon abrupt cessation is the only 
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feature that BZ dependence and substance addiction have in common, although 
withdrawal symptoms are not inevitable as part of BZ dependence. All these consid-
erations mandate avoidance of the term “addiction” in the context of therapeutic BZ 
use and dependence.

 Adverse Effects

While BZs are generally well tolerated and their adverse effects are relatively rarely 
a reason for discontinuation, they do produce adverse effects that may limit their 
utility. The most common adverse effect of BZs is sedation – a general mental and 
motoric slowing down. Sedation is dose-dependent and is often experienced and 
described as a difficulty remaining focused or feeling tired, drowsy, or sleepy. While 
sedative effects of BZs are desirable when these agents are used as hypnotics, they 
can be problematic or even impairing during the day, when patients wish to remain 
awake and alert. Sedation is not directly related to anxiolytic properties of BZs, but 
there is a common perception that sedative drugs of any kind also have antianxiety 
effects.

Sedation usually occurs when the medication is commenced or after its dose has 
been increased, and patients taking BZs need to be warned about this. It is advisable 
to avoid driving, operating machinery, or performing other complex tasks at that 
time, at least until patients adapt themselves to the medication or its higher dose. 
This adaptation usually occurs after several days because tolerance to sedative 
effects of BZs tends to develop rapidly. Therefore, the dose of the medication usu-
ally does not need to be reduced if sedation occurs, and avoiding activities in which 
sedation might be troublesome or dangerous is all that needs to be done in that situ-
ation. Additional doses of BZs prior to driving or performing complex tasks should 
be avoided. Patients who are on a constant dose of a BZ for longer periods of time 
usually do not experience sedation, but they should remain cautious because their 
driving ability can still be affected. In case of severe sedation or a need to perform 
activities that might be affected adversely by BZ-induced sedation, the dose of a BZ 
medication can be decreased, or the medication can be discontinued.

An impaired psychomotor performance is a related and common adverse effect 
of BZs. Besides its impact on activities that require complex psychomotor coordina-
tion, this adverse effect has been implicated in the falls and fractures among the 
elderly. Due to the propensity of BDZs to cause sedation and psychomotor impair-
ment, the usual recommendation is to avoid their long-term administration to the 
elderly and frail patients. This recommendation pertains particularly to BZs with a 
long half-life (e.g., diazepam) because of their slower metabolism and tendency to 
accumulate in the body. Consequently, BZs with a shorter half-life (e.g., lorazepam) 
are preferred for use in this population. Some guidelines consider use of any BZs in 
the elderly risky, regardless of their duration of action and half-life. If BZs are used 
in the elderly, this should be done with the lowest possible dose, generally avoiding 
increases in dosing. Moreover, a need for administration of BZs to the elderly 
should be frequently reassessed.
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Many elderly patients are resistant to a suggestion to cease BZs or at least 
decrease their use substantially. This occurs for various reasons, including the effec-
tiveness of BZs for treating insomnia, anxiety, or distress, long-term use, and fear of 
a “life without BZs” and fear of the withdrawal symptoms. Also, some elderly 
patients find the calming and soothing effects of BZs more important than any 
BZ-induced cognitive problems [73]. In these situations, it is crucial to carefully 
weigh the risks and benefits of BZ use and have appropriate discussions with 
patients.

The assessment of the risk of BZ use in old age in terms of falls and fractures 
may be confounded by various other factors, including a concomitant or sequential 
use of other medications (e.g., antidepressants or antipsychotics) that have been 
associated even more strongly with this adverse effect [74]. Therefore, attribution of 
the risk solely or mainly to BZs may be misleading [75], and all the relevant risk 
factors need to be taken into consideration.

Another problem with use of BZs in the elderly is their association with cogni-
tive impairment. The cognitive effects of BZs in the elderly include problems with 
concentration, decreased speed of processing and verbal learning, and alterations in 
visuospatial ability. Reports of the effects of BZs on memory in the elderly have 
been conflicting, with studies finding memory difficulties of varying magnitude that 
were both reversible and irreversible, with some of them persisting after BZ cessa-
tion [76]. The clinical significance of these cognitive effects has been controversial 
and seems to vary from one person to another; some reports suggest that daily func-
tioning is not significantly affected by the cognitive effects of chronic BDZ use [77]. 
Anterograde amnesia (difficulty recalling events that occurred during the period of 
several hours after taking a BZ medication) is common with use of BZs and is seen 
in patients of all ages. Although BZs have been linked with dementia, a direct causal 
relationship between BZ use and development of dementia has not been 
demonstrated.

The cognitive and motor impairment associated with BZ use becomes more 
prominent in the context of alcohol consumption. Therefore, alcohol should gener-
ally be avoided during treatment with BZs and especially after taking the BZ 
medication.

BZ use has been associated with irritability, disinhibition, “out of character” or 
inappropriate behavior, anger, and aggression, but the frequency of these adverse 
effects varies considerably. One systematic review has confirmed this association to 
be “moderate” [78], but the circumstances under which aggressive behavior follows 
BZ use and the underlying mechanisms remain unclear. It is often assumed that 
these behavioral and emotional adverse effects of BZs are more likely in individuals 
with severe and emotionally unstable (i.e., borderline) personality disorders, 
impulse control disorders, emotional or intellectual immaturity, neurodevelopmen-
tal disorders, brain damage, and substance abuse. Evidence for such associations is 
inconclusive, but BZs may need to be avoided in the presence of these conditions.
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 Positioning Benzodiazepines in the Treatment of Anxiety 
Disorders

 Treatment Guidelines, Benzodiazepines, and Antidepressants

Virtually all clinical practice and treatment guidelines consider BZs as second- or 
third-line pharmacotherapy in the treatment of anxiety disorders (i.e., panic disor-
der, generalized anxiety disorder, and social anxiety disorder), with SSRIs and less 
often SNRIs being considered the pharmacological treatment of choice. Long-term 
treatment with BZs is generally not recommended or may be reserved for severely 
ill and functionally impaired patients who failed to respond to several other treat-
ments. Only a brief use of BZs in selected circumstances is deemed appropriate by 
most guidelines. It has been argued that these recommendations are not based on 
good evidence, that they are misleading because of exaggerating the dangers of BZs 
and downplaying the risks with SSRIs and SNRIs, and that they are too restrictive, 
depriving patients of a valuable treatment option [79–83]. Therefore, a reappraisal 
of BDZs and their adequate positioning in the treatment of anxiety disorders are 
essential.

The first issue concerns the efficacy of BZs for anxiety disorders. Treatment 
guidelines often assume or suggest that BZs are either less effective than SSRIs and 
SNRIs or equally effective, at best. However, very few studies directly comparing 
BZs with SSRIs or SNRIs have been conducted. In one such study, clonazepam was 
compared with paroxetine in the treatment of panic disorder; a greater clinical 
improvement with clonazepam and its faster onset of action were reported during 
short-term treatment [21, 56], whereas treatment with clonazepam predicted a lower 
relapse rate after long-term treatment [22]. One systematic review and meta- analysis 
comparing BDZs with antidepressants (though mainly tricyclic antidepressants) for 
anxiety disorders found no support for the primacy given to antidepressants on the 
grounds of efficacy [4]. A meta-analysis of the efficacy of medications for general-
ized anxiety disorder reported significantly greater effect sizes (Hedges’ g) for BZs 
(0.497) than for SNRIs (0.357) and SSRIs (0.325) [38]. Although more studies that 
directly compare BZs with SSRIs and SNRIs are needed, current evidence does not 
support the notion that SSRIs and SNRIs are more efficacious than BZs, especially 
for panic disorder and generalized anxiety disorder.

With regard to adverse effects, BZs appear to be better tolerated than SSRIs and 
SNRIs in the treatment of anxiety disorders [4, 84–86]. Thus, clonazepam was bet-
ter tolerated than paroxetine over the course of both short-term and long-term treat-
ment of panic disorder [21, 56]. Numerous reports suggest that early adverse effects 
of SSRIs and SNRIs during the treatment of anxiety disorders, especially increased 
anxiety and agitation, insomnia, headache, dizziness, and gastrointestinal symp-
toms, lead to a premature discontinuation of these agents. Adverse effects of SSRIs 
and SNRIs that may be more prominent in the long run, especially sexual dysfunc-
tion, also contribute to their poor tolerability.

There is abundant evidence that the cessation of SSRIs and SNRIs is associated 
with the withdrawal symptoms [87, 88] and that, in this respect, SSRIs and SNRIs 
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do not differ significantly from BDZs [89]. For reasons that have much more to do 
with marketing and commercial interests than science, withdrawal symptoms that 
occur with SSRIs and SNRIs have been labelled as “discontinuation symptoms.” 
This terminological ploy, along with conflicts of interest and a generally negative 
attitude toward BZs, has contributed to a biased portrayal in the treatment guide-
lines of the importance and magnitude of the withdrawal symptoms caused by the 
cessation of antidepressants [90]. As a result, treatment guidelines tend to minimize 
these withdrawal symptoms and make them look less severe and less clinically 
important than the BZ withdrawal symptoms.

Considering the comparative efficacy and tolerability data, there is no reason to 
deny BZs the status of the first-line pharmacotherapy for anxiety disorders. In addi-
tion, BZs have a significant advantage over antidepressants in terms of their quick 
onset of action. This is particularly important in an acute clinical setting, crisis situ-
ation, and whenever there is a need to quickly alleviate distress, restlessness, agita-
tion, autonomic hyperarousal, muscle tension, and other symptoms of anxiety or 
panic. The fast onset of action of BZs remains one of the key reasons for their ongo-
ing popularity among both patients and prescribers. This feature of BZs also allows 
them to be used on an “as needed” (PRN) basis. Such use of BZs is sometimes 
frowned upon by clinicians and researchers, especially when it is interpreted as a 
safety behavior, but many patients prefer to use BZs in this manner rather than take 
them continuously and for longer periods of time.

 Choice of Pharmacotherapy for Anxiety Disorders

Medications with calming effects, including BZs, will always have a role in the 
pharmacological treatment of pathological anxiety because of the perennial human 
need to alleviate anxiety-associated distress and suffering [91]. Pharmacotherapy 
versus psychotherapy for anxiety disorders is a forced and false dichotomy, and 
both clinical practice and research show that a careful, well-planned combination of 
both modalities can contribute to favorable outcomes. BZs have often been consid-
ered unsuitable for combination with psychological interventions, especially CBT, 
presumably due to their interference with CBT. However, this assumption has not 
been tested adequately, and there is emerging evidence that BDZs can be combined 
with CBT safely and effectively [92].

A decision to use BZs or antidepressants as the initial treatment for anxiety dis-
orders depends on several factors. If the key factor is the speed of onset of antianxi-
ety effects, BZs have a clear advantage. Prominent physical symptoms of anxiety 
and tension may respond more reliably and more consistently to BZs than to antide-
pressants. Evidence is mixed about the preferential response of cognitive symptoms 
of anxiety, with a potential advantage of SSRIs in this realm. If the patient has a 
history of alcohol or other substance abuse, antidepressants are usually preferred 
over BZs, but this suggestion has been controversial in light of the reports that in 
such clinical situations, use of BZs may not be as risky [93, 94]. A history of severe 
adverse effects of the previously administered SSRIs or SNRIs, including sexual 
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dysfunction, strongly suggests that these medications should be avoided and that 
BZs may be preferred. The presence of depressive illness or a history of depressive 
episodes makes SSRIs or SNRIs a logical pharmacotherapy choice, although BZs 
can be co-administered for their anxiolytic properties or even used as a monother-
apy for anxious depression [95]. Anxiety disorders have been associated with a 
higher risk of suicide, and prescribing medications with a low lethality potential in 
an overdose constitutes good clinical practice. If used alone, both BZs and SSRIs 
are relatively safe in an overdose. Unfortunately, overdosing on more than one drug 
is common, with the outcome depending on the particular combination of pharma-
cological agents and their quantities.

Combining BZs with SSRIs or SNRIs is common in clinical practice. However, 
this approach to the pharmacotherapy of anxiety disorders should not be haphazard, 
and its purpose should be clear. For example, one goal of this combination is to 
minimize adverse effects of SSRIs and SNRIs, especially at the beginning of treat-
ment. A better tolerability of sertraline and clonazepam than of sertraline alone in 
the treatment of social anxiety disorder [86] supports such use. Another reason for 
combining BZs with SSRIs or SNRIs is to avoid waiting for too long for antidepres-
sants to start “working.” In other words, a combination of BZs with SSRIs or SNRIs 
tends to achieve a faster response compared to the response to an antidepressant 
alone, as demonstrated in panic disorder using various combinations of medications 
[96, 97]. Finally, there is some evidence that combining SSRIs with BDZs may 
produce better outcomes than treatment with an SSRI alone [47].

 How to Select and Use Benzodiazepines in Anxiety Disorders

The treating physician should carefully evaluate the patient and rule out anxiety 
disorder due to other illnesses or causes (e.g., excessive intake of caffeine) first. The 
next management step should be the consideration of an initial trial of non- 
pharmacological treatment which may include short-term counseling, CBT and 
other psychotherapies, stress management, exercise, or meditation [98]. The deci-
sion to use medication may follow the failure of non-pharmacological treatments or 
may be the first choice in cases of severe symptomatology or when the availability 
of effective non-pharmacologic treatments is limited.

As Shader and Greenblatt wrote (99, p 1399–1400), “The ultimate decision to 
prescribe a benzodiazepine derivative or any other medication should be based on 
the assessment of the patient’s degree of emotional distress and level of functional 
disability, the potential hazards of nontreatment in relation to the probable success 
of pharmacologic treatment, and the hazards of the medication.” BZs should always 
be considered as a possible first medication choice considering their efficacy and 
safety. BZs can offer quick symptomatic relief and, e.g., in GAD, may reduce 
somatic symptoms and hyperarousal fairly quickly [99, 100]. Substance abuse 
could, of course, be a limiting factor in selecting BZs.
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The decision as to which specific BZ to select may be based on various clinical 
factors and on BZ characteristics, e.g., their pharmacokinetic properties (short- vs. 
long half-life; metabolic pathway) and the degree of sedation.

Following the advice of Shader and Greenblatt [98] again, “Approaches to initi-
ating benzodiazepine therapy are based largely on clinical experience. Therapy is 
initiated with a low dose that is based on patient’s age, sex, body size, and medica-
tion history, and the dose is increased every few days until therapeutic benefit is 
achieved or side effects supervene. When side effects are encountered, further 
increases in the dose should be delayed or the dose should be reduced. Many patients 
who have drowsiness or other sedative effects soon after the initiation of therapy 
report that these symptoms diminish with continued therapy” (p 1400). “The dura-
tion of benzodiazepine treatment should be tailored to the character of the underly-
ing illness. Patients with intermittent symptoms or symptoms that are triggered by 
identifiable anxiety-provoking situations are candidates for intermittent therapy. 
Those with persistent unremitting symptoms may require more continuous treat-
ment, but the appropriate duration of therapy has not been clearly established” [98]. 
Solid evidence regarding the length of treatment from long-term trials does not 
exist. It is our clinical experience that treatment could continue indefinitely, though 
decrease and/or discontinuation of BZs should be attempted from time to time, 
depending on clinical status.

 Conclusion

BZs are effective, efficacious, and safe medications indicated for the treatment of 
anxiety and anxiety disorders. They may be considered the treatment of choice in a 
number of patients and preferred to ADs in a number of clinical situations. BZs are 
quite versatile agents that could be used intermittently, for short-term treatment and 
for long-term, or even indefinite treatment. It is clearly time to rethink their role in 
the treatment of anxiety disorders in the upcoming era of personalized medicine and 
more specifically targeted treatment.
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 Introduction

In the last two decades, virtual reality (VR) emerged as an attractive alternative for 
the treatment of anxiety and related disorders. Ample evidence supports its efficacy 
and effectiveness, which has shown to be similar to face-to-face interventions [1–4]. 
The results were confirmed for all anxiety disorders, particularly for specific pho-
bias [5], post-traumatic stress disorder [6], and social anxiety disorder [7]. Besides, 
these therapeutic gains through VR have revealed to be applicable to real-life situa-
tions [8]. VR has also yielded similar attrition rates [9] and deterioration rates [10] 
when compared to other active interventions and superior to waiting lists groups.

The abovementioned results entirely derive from virtual reality exposure treat-
ments (VRETs). That is, VR for anxiety disorders has principally emerged as a 
convenient alternative to imaginal and in vivo exposure, a technique that despite its 
undoubted effectiveness is not always implemented given the aversion and invasive-
ness experienced by patients [11] and even by therapists [12]. Hence, the attractive-
ness of VR so far has resided in the possibility it brings to enhance patients’ 
acceptability of exposure [11], therapists’ controllability of the stimuli, or the rep-
resentativeness by means of providing ecological situations to cope with those fear-
ful stimuli [13].

The predominance of studies of VR as an exposure tool derived in many research-
ers using VR therapy and VRET indistinguishably. However, we consider that the 
potential of VR in clinical psychology and psychiatry goes beyond the 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-32-9705-0_21&domain=pdf
mailto:j.fernandezkirszman@unicatt.it
mailto:daniele.dilernia@unicatt.it
mailto:giuseppe.riva@unicatt.it


390

augmentation of exposure. Hence, in this chapter we want to start describing the 
latest advancements in VRET, marked by a great proliferation of clinical trials. A 
second section will present the contributions that VR has for the understanding, 
assessment, and intervention of anxiety disorders in a general context in which psy-
chopathology is experiencing a profound rethinking.

 Latest Advancements in VR as an Exposure Tool: VRET

Doubtlessly, VRET has experienced a significant growth as a research area in the 
last years. Not only has the outcome-focused research been greatly expanded, with 
many clinical trials conducted for different conditions, but also has started to emerge 
more process-focused research seeking to unravel mechanisms of change in 
VRET.  In addition, recent trials have begun to include larger sample sizes, thus 
solving one of the main weaknesses of clinical research in virtual reality [14]. In the 
next section, we will summarize the most outstanding progresses in VRET achieved 
in the last years, both in outcome-focused research and in process-focused research.

 Outcome-Focused Research Progresses

The most recent VRET meta-analysis for anxiety disorders identified 30 studies that 
fulfilled the inclusion criteria [15]. Confirming previous meta-analyses, this study 
yielded a large effect size when comparing VRET to waiting list control conditions 
and no significant differences when compared to in vivo exposure.

Besides, more specific reviews and meta-analyses started to be published, which 
is a pristine proof of the maturity of the field. Among the examples to mention, a 
meta-analysis on fear of flight revealed a larger effect size of VRET versus control 
conditions both at posttreatment and follow-up and also, surprisingly, a larger effect 
of VRET versus exposure-based interventions [16]. Another meta-analysis for 
social anxiety disorder showed that VRET is more effective than waiting list control 
groups and equally effective than imaginal and in vivo exposure, in line with the 
great majority of studies in the field [7]. Finally, a considerable number of trials 
have been conducted on post-traumatic stress disorder (PTSD), but no specific 
meta-analysis is conducted yet. However, in the meta-analysis previously described 
by Carl and colleagues [1], a pooled effect size was obtained for five studies of 
VRET versus placebo or waiting list and of VRET against in vivo exposure, yield-
ing a medium effect in the first comparison and no differences in the second com-
parison. Besides, two comprehensive systematic reviews on the topic were 
elaborated [6, 17].

From this large body of evidence, some conclusion can be drawn. First and fore-
most, the situation is changing dramatically regarding the small sample sizes that 
had characterized VR research in the first 20 years [14], greatly due to the signifi-
cant decrease of VR equipment [18]. In line with the first point and the natural 
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evolution of every research field, the research quality has also greatly improved. 
This means that studies started to present lower risk of bias.

With regard to the researched topics, new specific phobias have been studied as 
therapeutic targets, being fear of falling [19], driving anxiety [20], music perfor-
mance anxiety [21], and dental phobia [22, 23] as some of the salient examples.

The fact that a number of trials were conducted with off-the-shelf consumer 
technology and without the presence of a therapist deserves to be particularly 
emphasized. For example, Lindner and colleagues [24] showed not only that a one- 
session VRET for public speaking anxiety can be delivered with very basic portable 
hardware like Samsung Gear VR but also that a self-led intervention revealed to be 
equally efficacious than the therapist-led intervention with sustained effects at 
6  months. This study yielded a large effect size, which constitutes a promising 
aspect for the future dissemination of VRET.  In this vein, another recent study 
showed that a self-applied app-based VR significantly reduces acrophobia symp-
toms [25]. Congruent results were found for fear of heights with another application 
[26]. All together, these examples reflect the increasing incorporation of self-guided 
apps, which, in adjunction to the much lower prices of the VR devices, lead to 
believe that VR will be greatly disseminated in the next years.

Besides, a range of open-source VR environments is starting to appear, although 
not many have been tested in rigorous research studies. A good example is precisely 
the aforementioned study by Lindner and colleagues, who used VirtualSpeech for 
fear of speaking, or Kim and colleagues [27] who used the environments provided 
by Samsung to deliver exposure therapy in social anxiety patients. A recent example 
has been developed in Lithuania, in which Šalkevičius and colleagues [28] pre-
sented the elaboration of a cloud-based VRET for public speaking anxiety, which 
potentially could be accessed through the Internet and using also low-cost VR 
devices.

Another important issue for the further incorporation of VR in clinical practices 
revolves around the possibility of personalizing the stimuli to the needs of the 
patients. In this line, a pioneering example was the “EMMA’s World” [29], which 
enables to individualize the therapeutic content (music, pictures, and even the vir-
tual environments) for mood induction and trauma re-elaboration. A recent example 
in this line was developed by Loucks and colleagues, who carried out a feasibility 
study with tailored content for military sexual trauma using a very advanced VR 
environment called BRAVEMIND [30].

Last but not least, it must be mentioned that the first empirical results of aug-
mented reality (AR) are starting to emerge. Not only has a RCT showed the equal 
efficacy with regard to in vivo exposure [31], but also a study comparing AR, VR, 
and in vivo exposure has indicated that the three modalities are equally efficacious 
[32]. Augmented reality has experienced a massive penetration in commercial apps 
(e.g., Pokémon Go), and it can be a very powerful way of bridging virtual and real 
worlds. Precisely, its combination with mobiles has been also proven to be effica-
cious in an experimental single case [33].
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 Going Beyond Pre-post Positive Outcomes

A decade ago, Meyerbröker and Emmelkamp [34] concluded a systematic review 
on VRET, stating that: “In summary, it would be a valuable addition when research 
into VRET would not only focus on outcome but also on the underlying processes. 
Understanding the processes would help implementing VRET into clinical practice 
given that treatment outcome would be better predictable.” Accordingly, the scien-
tific community working on VR has started to carry out a range of studies that have 
helped to shed light on the way therapeutic processes are deployed.

The dearth of studies regarding the mechanisms of change of VR therapy has 
started to be reverted in the last 10 years. The three main moments in which a thera-
peutic process can be divided are before a treatment starts, throughout the treatment, 
and once it has finished. In the following section, we aim to summarize the most 
relevant results that have been published in this regard.

Process-based research in virtual reality
Before During After
Predictors of outcome Therapeutic alliance Acceptability and experiences
Expectations Presence Negative effects
Preferences/attitudes Dynamic of change Follow-up results
Feasibility Physiological concomitants Attrition

 Before the Treatment

 Predictors of Outcome
In total, four studies had the principal aim of exploring how expectations predicted 
the outcome of VRET. Price, Anderson, Henrich, and Rothbaum [35] identified that 
higher outcome expectancy is associated with a better improvement throughout the 
treatment for flying phobia using hierarchical linear modeling. Likewise, Price and 
Anderson [36] used the same methodological strategy to establish that outcome 
expectancy constituted also a predictor in public speaking fear within social anxiety 
disorder. A third study explored how outcome expectancy impacted in PTSD, com-
paring clinician, self-report, and biological measures. While results indicated a sig-
nificant relationship for clinician measurement and self-reports, in the case of 
biological, measured by trauma-potentiated startle and cortisol reactivity, no signifi-
cance was found [37]. Finally, Norrholm and colleagues [38] conducted a study on 
physiological measures (startle EMG, SCL, HR) as predictors of outcome. They 
found that when EMG, SCL, and HR were higher, a better outcome was identified; 
and in the case of neuroendocrine markers (cortisol) when were higher, worse out-
come was detected. Besides, physiological responses predicted better outcome at 
6-month follow-up assessment in one of the groups and cortisol in others immedi-
ately after treatment.

J. Fernández-Álvarez et al.



393

 Attitudes, Preferences, and Perceptions of Patients and Therapists
The dissemination of VR greatly hinges on the attitudes of therapists, patients, and 
the general community in general toward VR as a clinical tool. In the case of users 
or patients, there has been a range of studies throughout the years, which overall 
suggest that VR is a more attractive exposure tool than in vivo exposure. As an illus-
trative example, 76% of the participants in a study expressed to prefer VRET than 
in vivo exposure [39]. These results were even higher among college students, from 
which 81–89% preferred VRET over in  vivo exposure [40]. In this regard, VR 
would be preferable for the accomplishment of client’s preferences and values, 
which constitutes one of the three aspects in the appropriate delivery of evidence- 
based practices according to the American Psychological Association and has 
shown to play an important role in the treatment satisfaction, completion, and clini-
cal outcome [41].

However, the most defining aspect in order to incorporate a principle or tech-
nique in the clinical practice revolves around the therapists’ preferences and percep-
tions. In that sense, it is undoubted that VR and technologies in general may be 
perceived as threatening by clinicians who were mainly trained, regardless the theo-
retical school, to implement the long-lasting Freud’s statement of talking cure. 
Accordingly, some initial studies suggested that therapists found VR potentially 
difficult to be applied in the clinical practice due to their lack of specific training and 
particularly because of the technical and financial obstacles that incorporating VR 
may entail [42–44].

The latest results in this regard, however, suggest that the situation may be chang-
ing. This could be explained due to the advent of consumer VR technology and its 
respective massive penetration in many spheres of the society. In this line, Lindner 
and colleagues [45] revealed that attitudes toward VRET are overall positive and 
that familiarity with VR was higher in comparison with previous studies, although 
no direct comparison can be established for being completely different 
populations.

 During the Treatment

 Therapeutic Alliance
Although in the last years more attention has been paid to the deployment of thera-
peutic alliance (TA) in VR or AR treatments, only three empirical studies had the 
primary aim of studying it [46–48]. Besides, the work carried out by Ngai, Tully, 
and Anderson [48], the unique study that explored the course of working alliance in 
a VR treatment, revealing that unlike usual quadratic growth, there was a positive 
linear growth. Besides, three RCTs [49–51] and one pilot study [52] included a 
measure of TA within their secondary analyses. The current evidence suggests that 
there is a positive association between alliance levels and outcome and TA as a pre-
dictor of outcome. Despite the scarcity of studies on TA, the current available 
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evidence yields similar results to face-to-face approaches, although some studies 
have posed the question on the possible difficulties that working with technology 
devices could entail for the therapeutic alliance [53]. Besides, none of the studies 
have posed the question yet on alliance ruptures, which is a topic of particular rel-
evance in the literature of TA in traditional approaches. Overall, much more research 
is needed in order to better understand how TA behaves in VR treatments.

 Attrition
Although for many years it has been thought that VR provoked more dropouts than 
non-VR approaches, only recently the first synthetizing study on attrition rates in 
VRET has been published. Benbow and Anderson [9] conducted a meta-analysis of 
46 studies, showing that among the 1057 participants that were included in the 
study, only 16% dropped out. These results are similar to in vivo exposure. Besides, 
the inclusion of homework assignments is the most significant predictor of non- 
attrition, result that has direct practical implications for the implementation of VR 
treatments.

 Engagement
One of the advantages of including VR revolves around the possibility of improving 
the engagement of the intervention, which in turn would permit to enhance the 
adherence of participants to the interventions. In that sense, the development of 
gamified VR applications and interventions has started to be developed [33, 54].

However, studies focused on exploring the impact of engagement on VRET out-
comes show mixed results. Price and colleagues [55] posed the question on the 
concept of presence (spatial presence, involvement, and realness) to explore if it 
was a predictor of outcome. Despite the fact that the experience of fear was  signifi-
cantly associated with all the facets of presence, only involvement was associated 
with treatment response. Likewise, Reger and colleagues [56] determined that there 
were no differences of engagement between a prolonged exposure condition and a 
VRET condition for the treatment of PTSD. Overall, more research is needed in this 
realm to draw definite conclusions regarding the role of engagement in VRET.

 Sense of Presence
The sense of presence constitutes a long-standing topic in the VRET research 
domain. Although its definition is a matter of controversy, the most used definition 
is the user’s sense of “being there” in the virtual environment [57], that is, the sub-
jective experience of the user, which can be conceptualized in three facets: spatial 
reference, involvement, and realness [58, 59].

In that sense, it has been suggested to play an important role in the fear and anxi-
ety elicitation along with immersion, which represents the objective component of 
the sense of presence [60]. However, there is an unclear relationship between pres-
ence and emotions. While some studies found a positive association, others found a 
negative association and other even no association [61].
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The first meta-analytical study exploring the relationship between anxiety and 
presence in VRET reveals the existing positive association between anxiety and 
presence, particularly in clinical populations and in certain technological devices 
(with more degrees of freedom) which constituted moderating factors [62]. However 
it is not clear the causal effect, that is, if more fear or more anxiety leads to more 
presence, or the other way around. The existing works tend to be in favor of bidirec-
tional relationship [63, 64]. In this sense, although there is no doubt that immersion 
[65] and user characteristics [63] are relevant aspects that need to be further explored 
in order to draw definitive conclusions.

In the same vein, the relationship between the sense of presence and therapeutic 
outcomes in VRET remains unclear given that research yielding mixed results. 
While some studies did not find any relationship [66–68], others did find a signifi-
cant association between presence and VRET outcome [55].

Taken together, the wealth of focusing on the relationship between VRET and 
presence is mixed, and thus no definite conclusions can be drawn yet. However, 
there is a rule of thumb supported by the large mounting evidence suggesting that 
presence constitutes a necessary but not sufficient condition in order to achieve 
positive outcomes in VRET.

 After the Treatment

 Mechanisms of Change
In line with the advent of the process-based CBT movement that Stefan Hofmann 
and Steven Hayes have recently promoted [69], more studies on the mechanisms of 
change have appeared in the last years. As an example, Norr and colleagues [70] 
performed moderator analyses to explore the characteristics of the patients who 
improved the most for prolonged exposure versus VR exposure. Their results indi-
cate that being young, not to take antidepressants and having greater PTSD hyper-
arousal symptoms, predicted a greater reduction in PTSD symptoms undergoing 
VR exposure. In another study, mediational analyses revealed that the reduction of 
PTSD symptoms leads to the change of depressive symptoms and not the other way 
around [71]. Likewise, Maples-Keller and colleagues [72] investigated the role of 
reexperiencing symptoms in VRET for PTSD, showing its importance in line with 
emotional processing theory.

Another research that has been explored revolves around the role of cognitive 
mechanisms. Specifically, two studies have revealed that the phobic stimuli and 
self-efficacy are predictors of change in VRET for spider phobias [73, 74].

Finally, a very interesting group of studies were brought forth by Shiban and col-
leagues [75–78] shedding light on the contextual factors that determine the efficacy 
of VRET. In particular, some of these studies [77, 79, 80] revealed that presenting 
multiple contexts increments the efficacy of the VRET for spider phobia and 
claustrophobia.
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 Negative Effects
On the one hand, there are studies revolving around the potential adverse effects of 
VR as a technology (i.e., cybersickness). However, in the last years, this has proven 
to be a residual aspect that may affect only a small proportion of the users. In any 
case, it is an important ethical aspect to be always considered.

Instead, a new avenue that has been recently explored is the study of deteriora-
tion rates in VRET interventions. An individual patient data meta-analysis has 
shown that VRET was not more deleterious than other active treatments but yielded 
significantly lower deterioration rates compared to the waiting list group [10].

In this sense, it is of utmost importance that new trials have started to report the 
potential negative effects of the interventions, as some of the latest clinical trials 
have already done [25, 26, 31, 50, 81, 82]. In the latest available randomized control 
trial in the field, the Negative Effects Questionnaire was even included, allowing to 
identify potential experiences of unwanted and adverse effects [82].

 Exposure Enhancers
Although exposure has shown to be effective, a large number of patients do not 
recover or suffer from relapses. Hence, there is a large body of research exploring 
potential enhancers, particularly combining psychosocial and pharmacological 
interventions. The rationale behind this approach is that the medication may cata-
lyze the neurological circuitry of fear and thus augment the effect of the psychologi-
cal intervention.

As an illustrative example, d-cycloserine has been implemented for being a par-
tial agonist of NMDA receptors, which modulate the amygdala response and 
accordingly the emotional activity, including fear. An individual patient data analy-
sis has revealed that d-cycloserine exerts a small augmenting effect on exposure- 
based therapy in anxiety and related disorders [83].

Given the already described advantages of VR for the delivery of exposure, sev-
eral researchers exploring exposure enhancement started to incorporate VR in their 
studies. Precisely with d-cycloserine, a double-blind RCT was conducted by 
Barbara Rothbaum and her team, in which they explored differences between 
d-cycloserine and alprazolam [84]. Although no outcome differences were found 
between conditions, d-cycloserine condition yielded lower cortisol reactivity and 
startle response. Besides, de Quervain and colleagues [85] explored the potential 
augmentation of glucocorticoids, suggesting that the administering of cortisol orally 
1  hour before the exposure resulted in a significant improvement in comparison 
with the placebo condition. Likewise, Meyerbröker and associates [86] showed that 
yohimbine hydrochloride, a noradrenaline agonist, may facilitate the fear extinction 
response in VR for aviophobia after four sessions.

Finally, it is of particular interest a study in this domain that was recently done 
by Maples-Keller and colleagues [72]. The authors tried to implement dexametha-
sone as a treatment enhancer, which has proven to suppress cortisol release via 
negative feedback in animal and human models and showed to suppress HPA axis 
reactivity in PTSD patients. However, the authors not only did not find any 
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augmentation in comparison with placebo but also identified an increase in the 
drop-out rates. This study suggests that much more has to be studied in this interest-
ing domain.

 Acceptability and Opinions
A number of studies have explored the treatment satisfaction, and in general VR is 
well accepted by participants undergoing this kind of treatment [11, 40, 87–89]. 
Fortunately, qualitative research is starting to be conducted in the field of VRET. This 
approach is essential in order to explore acceptability and opinions and will comple-
ment the results obtained with survey and other quantitative methodologies, which 
may not grasp the complete picture of the experience of people undergoing VR 
treatments. An illustrative example has been recently done with PTSD, indicating 
that the group undergoing a VR treatment showed a range of self-perceived benefits 
of the intervention. Likewise, therapists using a VR intervention showed to incorpo-
rate the treatment in a positive way, although they were part of a clinical center in 
which information and communication technologies are developed and applied to 
the clinical practice, and thus it may not be totally representative of the acceptability 
of the treatment of VR [90].

 Follow-Ups
One of the key aspects of any health intervention revolves around the stability of the 
results in the mid and long term. The great majority of the interventions in clinical 
psychology are measured at a posttreatment point, despite the key importance of 
determining the effects beyond that moment. VRET is not the exception to the rule. 
While a range of studies has explored follow-up results at 3, 6, or maximum 
12 months, only scant examples have focused on the stability of the results in the 
long term. An exception was the study by Wiederhold and Wiederhold [91] who 
explored the maintenance of the results 3 years later. Despite the small sample, it 
was a first study in this direction suggesting that VR could also maintain the thera-
peutic gains. More recently, a very interesting work has been carried out by Anderson 
and colleagues [92], in which the 4- to 6-year follow-up results of an intervention 
for social anxiety disorder were sustained. The same research group, in a different 
study but based on the same sample of patients, revealed that there was a  long-term 
improvement in probability and cognitive biases, showing that the stability of the 
results are beyond symptomatology [93].

 Software and Hardware Progresses

In the almost 25 years of existence of VR for anxiety disorders, the most concerning 
problem has definitely been the lack of dissemination in real settings. Although the 
evidence was undisputable showing the efficacy of the VRET, there were a number 
of reasons that prevent VR from scaling. In this regard, the high costs of VR hard-
ware and software have been probably the most challenging obstacle to tackle.
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In the last 3 to 5 years, the situation has substantially changed. The quality of the 
images has improved [94], and the cost of the devices has significantly decreased 
[18]. Recent findings have proven that low-cost devices of VR are equally capable 
of inducing immersive states and thus sense of presence, essential feature to address 
exposure through VR [95]. Despite the appearance of new devices, the great major-
ity of the clinical trials have still been conducted with the classical devices [96], but 
this is starting to change in light of the latest studies in the field [25, 81, 82].

 Major Challenges in VRET Exposure Research

Despite the undoubted progress in VRET, there are still considerable challenges to 
face with. First, it must be said that the great majority of the studies are for adults, 
while children and adolescents are very understudied populations. Besides, it is very 
relevant to increment the simple sizes of the clinical trials, although, as described, 
this is an ongoing phenomenon. The latest trials are showing promising progresses 
in this regard, partially explained by the decline of costs of VR devices and the pos-
sibility of delivering self-applied treatments. Another key aspect is to explore the 
stability of results in follow-up studies. Undoubtedly, process research has grown in 
the last years, but many further aspects remain unknown yet, principally regarding 
aspects that face-to-face therapy has already identified as key aspects, such as thera-
pist effects, patient characteristics, or process-outcome studies like shapes of change 
throughout VRET interventions. However, the most urgent revolves around the 
implementation of VRET in clinical practices. Therefore, it is of utmost importance 
both to conduct research in real clinical contexts in order to study how the usual 
barriers of translating research to practice can be hurdled.

 360 Degrees Cameras: A Low-Cost Solution to Widely Disseminate 
VR Interventions

A way VR is starting to be widely disseminated is through the incorporation of 360 
degrees cameras, which can be defined as immersive or spherical videos giving the 
user the possibility of viewing in every angle. These cameras are much closer to the 
way humans are used to perceiving reality. Currently, there are softwares that enable 
to create 360 videos easily (e.g., InstaVR or Google toolkit creator). In the same 
vein that building websites or editing pictures and films have become accessible 
tasks for laypeople, these novel softwares currently permit to create videos without 
any programming skill.

For clinical purposes, 360 cameras have many advantages. First and foremost, 
the reduced prices in comparison with other type of VR devices are significantly 
lower. Besides, as they do not need programming skills, clinical researchers and 
even practitioners have the chance to develop and implement tools both for assess-
ment and intervention purposes. Of course, unlike classical VR or AR, there is no 
interaction with the environment but in terms of providing with multiple contexts to 
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evaluate skills and elicit specific feelings and emotions can be of enormous help. 
Besides, there is no risk of inducing the uncanny valley phenomena, as all environ-
ments do not feature computer-generated graphical presentations.

A range of classical effective techniques for the treatment of anxiety disorders 
could be enhanced with the incorporation of 360 degrees videos providing relevant 
contextual triggers in which those techniques can be trained both in the clinical 
practice and as homework assignments. As an illustrative example, in social anxiety 
disorder (SAD), apart from the exposure to the stimulus that triggers the intense 
anxiety response, it may be of great importance the development of social skills by 
means of elaborating personalized tasks in which the person can train how to inter-
act and to cope with challenging situations.

In addition to the behavioral facet, a range of cognitive and emotional aspects 
can also be trained by means of immersive videos. As identified in a large body of 
evidence, anxiety disorders are particularly characterized by a dysfunctional imple-
mentation of emotion regulation strategies. For example, a recent review of studies 
has shown that social anxiety disorder patients are more prone to inefficiently 
implement cognitive reappraisal or tend to suppress positive rewards for potential 
negative evaluations [97].

Indeed, some studies have shown the usefulness of 360 degrees videos to reduce 
the anxiety in people suffering from fear of speaking [98], social anxiety disorder 
[27], or fear of heights [99]. However, these are only the first studies that have 
served as preliminary evidence of the efficacy and feasibility of implementing this 
low-cost technology. Very recently, the first randomized control trial has been con-
ducted using this approach [81], showing the efficacy in both a self-led and a 
therapist- led group. Future studies are expected for the coming years leading subse-
quently to a massive application of VR in the clinical practices.

 The Potential of VR in a Transformative Context 
of Psychopathology and Therapeutic Interventions

So far, a wealth of developments of VR has been introduced. However, VR has an 
enormous potential apart from the already described value as an exposure tool. This 
is not only true for the interventional dimension but also for the understanding and 
assessment of clinical conditions, including as anxiety disorders. The principal rea-
son that supports the fact that VR can help expand the frontiers of psychology in 
general and clinical psychology in particular relies on the possibility of exploring 
usually understudied aspects of mental processes.

Despite the controversies around the ontological status of mental processes, cog-
nitive sciences consider information processing as a key element. However, clinical 
psychology has approached this process primarily from a reductive perspective. 
Instead, information processing not only should be reduced to the representational 
nature of thoughts. Classical purely representational cognitive models have been 
fiercely criticized for confusing individuals’ thought reports with their actual 
thoughts [100]. Instead, embodied, situated, or extended cognition may greatly help 
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understanding and thus intervening the whole psychopathological spectrum, and 
anxiety disorders are not the exception to the rule. Hence, a broad information pro-
cessing should be adopted, and in that sense VR presents an undoubted potential, as 
a research and intervention tool.

 Why Virtual Reality May Help Exploring the Hidden Reality 
of Mental Processes?

Virtual reality can be defined as a multisensory computer-generated interface. 
Usually, the VR-simulated worlds enable the user individual to feel immerse in an 
undistinguishable way respective to non-virtual or “real” environments. Hence, VR 
has challenged the limits of how perception and reality are understood. VR consti-
tutes a strong tool to represent alternative realities, creating the illusion of being in 
places where actually we are not. Indeed, from a classical cognitive perspective, our 
supposedly real world is the intrapersonal brain-centered activity. However, latest 
advancements in cognitive sciences have refuted this stance [101, 102]. Embodied, 
situated, embedded, and enactive perspectives of cognition have added thought- 
provoking reasons to consider that cognitions are not only determined by internal 
representational contents but by the body of the individual, the contextual environ-
ment, and the actions that are deployed. Not only for anxiety disorders but also for 
psychopathology in general, incorporating a broad information-processing frame-
work is essential, permitting us to move from exposure to more complex facets as 
recently reviewed by Riva, Wiederhold, and Mantovani [103]. In the next sections, 
we will present what has already been achieved and what we expect that will happen 
next in the field of VR and how this can be applied to the understanding, assessment, 
and intervention of anxiety disorders.

 Embodiment and Virtual Reality

The application of VR in these 25 years has been successful in the treatment of anxi-
ety and stress-related disorders. Although there is room for improvement, in particular 
the dissemination in the real world, there is no doubt that VRET has shown to be a 
relevant tool for the delivery of exposure. However, as recently suggested by Riva and 
colleagues [103], VR has the possibility to go beyond the representation and simula-
tion of the external world. Concretely, VR can be used to represent, simulate, and 
ultimately modify the internal representation of the body and in particular the poten-
tial modification of those representations in order to fool the “body matrix” [104].

Specifically, VR is incorporating this internal dimension by means of the integra-
tion of bodily self-consciousness (BSC) and multisensory integration [105] with 
haptic, bio- and neurofeedback, and brain/body stimulation technologies. This is 
permitting to materialize in rigorous scientific ways, a long-standing philosophical 
principle that resides in modifying the body to alter the mind. Riva and colleagues 
have denominated this new emerging field as embodied medicine [105].
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Among the functions of body representation, the encoding and integration of 
visual, visceral, somatosensory, auditory, vestibular, and motor signals is one of the 
most important ones. BSC is considered to emerge from those functions and to be 
controlled by the “body matrix,” which is defined as a complex network of multi-
sensory and homeostatic brain areas that has the purpose of protecting the organism 
when a threat alters the body and the space around it [105]. The multisensory inte-
gration works in a predictive way through the continuous prediction of expected 
sensory inputs, which in turn are used to coordinate its content, creating coherent 
mental representations. According to the Bayesian principle, which defines the 
mind as a probabilistic system [106], the experience of the body an individual has is 
the result of a predictive process in which the different unimodal properties from 
several sensory systems are integrated. Specifically, exteroception (e.g., vision and 
touch), proprioception (the sense of the position of the body/body segments), ves-
tibular input (the sense of motion and position of the body), and interoception (the 
afferent signalling of internal bodily signals) conform the palette of sensory systems 
[104, 106].

New cross-modal associations between bodily stimuli that were unrelated or not 
systematically related before can be generated in VR environments, permitting a 
transformative experience in the individual. In that vein, it is essential that a new 
network of representations can be generated in order to let the internal system to 
update the predictive model of the body matrix. By doing this, the ultimate goal is 
to correct the prediction errors that disrupt the homeostatic balance of the organ-
isms. That is, VR can fool the perception of the self-representation in order to help 
to re-elaborate the dysfunctional associations.

VR can provide the person with new self-representations, by means of modifying 
the appearance of one’s avatar. As an illustrative example, body-swapping illusion 
permits to induce an illusory experience of owning a virtual body. The illusion can 
be achieved through the observation of a virtual body from a first-person perspec-
tive, which in turn can be synchronized or asynchronized with the real body of the 
observer.

When a virtual body is spatially coincident with one’s real body, one sees through 
the eyes of this body and experiences various degrees of synchronous multisensory 
correlation—such as visuomotor [105]. Although the avatar’s appearance is not a 
prerequisite to create an embodiment illusion, the sensorimotor correspondences 
elicit stronger senses of body agency and ownership [107]. Indeed, supported in 
modeling learning, users can also be influenced by means of observing the behav-
iors of doppelgängers, that is, virtual representations with which the user feels rep-
resented but does not have agency over it.

In the field of anxiety disorders, Aymerich-Franch, Kizilcec, and Bailenson [108] 
suggested that the use of doppelgängers may allow to enhance the vicarious learn-
ing, as the avatar is one’s own body and the learning model at the same time. The 
authors analyzed whether embodying a dissimilar virtual self would decrease anxi-
ety in a public speaking situation. They found that anxious individuals preferred 
dissimilar virtual self-representations and embodying a dissimilar avatar helped 
them reduce their anxiety.
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Likewise, Falconer and colleagues [109] showed that through the increase of 
self-compassion in a VR task, it is possible to improve self-criticism, which in turn 
can be applied to clinical populations improving anxiety and depressive symptom-
atology [107].

A third example in VR research and embodiment for anxiety disorders is the 
work carried out by Guterstam, Abdulkarim, and Ehrsson [110] who revealed that 
the experience of having an invisible body may be helpful in social anxiety while 
standing in front of an audience. The experimental tasks consisted of the possibility 
of having an invisible body, which turned to affect both bodily self-perception and 
social cognition.

As described, VR represents a powerful instrument both for the study of the emo-
tions and for the possibility to develop advanced instruments able to address the 
clinical complexity of anxiety disorders. From this perspective, VR solutions can be 
enhanced through an embodied cognition paradigm where a multisensory integra-
tion framework can be used to modulate the virtual experience. These enhanced 
solutions can improve embodiment and body ownership [113], but, at the same 
time, an “embodied VR experience” can also be used to reduce symptom severity 
with techniques far more advanced and effective than simple exposure.

This innovative perspective may offer new forms of treatment with direct appli-
cation in the management and regulation of symptoms and other dimensions in 
anxiety disorders [111, 112], forging a new medical perspective based upon the 
concept of a regenerative virtual medicine. Riva et al. [9] introduced the concept of 
“sonoception” (www.sonoception.com), a novel noninvasive multisensory stimula-
tion paradigm based on wearable acoustic and vibrotactile transducers able to stim-
ulate both mechanoreceptors in different parts of the body—the stomach, the heart, 
and the muscles—and the otolith organs of the vestibular system.

As a matter of fact, technological devices able to stimulate and manipulate the 
perception of bodily sensations can provide new innovative VR solutions with sev-
eral clinical applications beyond exposure therapy. Such technological devices have 
already been developed [114] and used for clinical purposes [115, 116] modulating 
the parasympathetic response and improving well-being. This approach stimulates 
the afferent ways responsible to transmit the overall physiological state of the organ-
ism and can be used to develop new VR biofeedback systems able to improve both 
mind and body.

 Virtual Reality Biofeedback: An Embodied Medicine Technology

Biofeedback constitutes an effective and noninvasive procedure, whose basic  
operating principle is the conscious registration of normally unconscious body  
procedures (e.g., brain activity, electrocardiogram, electromyography, or skin  
conductance) that are represented by a visual, haptic, or audio signal [117, 118].

There is a large body of evidence showing the strong relation of emotion regulation 
with physiological processes such as HRV [119], and in turn emotion regulation plays 
an instrumental role in the appearance and development of anxiety and stress-related 
disorders [120, 121]. Accordingly, HRV biofeedback has shown to be effective for 
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stress and anxiety [122]. Besides, the neural activity, in particular the activity of the 
amygdala which constitutes a key area for emotion activity and regulation, has shown 
to be successfully regulated through neurofeedback procedures [123].

Although biofeedback has shown to be effective for a vast array of medical and 
psychological clinical conditions, one of the long-standing limitations has been how 
to best the targeted physiological processes. In that vein, virtual reality (VR) per-
mits to represent the physiological process through virtual stimuli that are con-
nected to biosensors, strengthening the engagement of users and potentially 
augmenting also the effectiveness of the interventions. Indeed, this has already been 
shown to be effective in a range of studies for healthy and clinical populations [124–
126]. Another recent example with neurofeedback procedures was carried out by 
Lorenzetti and colleagues [127] who implemented a real-time functional magnetic 
resonance imaging protocol to enhance emotional states in healthy subjects.

In our laboratory (Applied Technology for Neuro-Psychology Laboratory), two 
systems of HRV biofeedback were recently developed and are currently under 
experimental testing. One of the virtual environments is connected to an ECG sen-
sor (Zephyr™), and thus certain stimuli of the virtual environment change accord-
ing to the physiological activity. In particular, the software was developed to 
calculate specific measures of HRV (like RMSDD) that index the vagal activity. 
This system is of great complexity and also of elevated cost as it is not only devel-
oped in Unity3D but fundamentally is to displayed in a cave automatic virtual envi-
ronment (CAVE). The CAVE is a room-sized cube in which four stereoscopic 
projectors, three rear-projection screens, and one downward projection screen are 
combined, permitting the 3D visualization of the virtual environments. The system 
is displayed in a 1:1 scale ratio, thus enhancing the feeling of being immersed in the 
virtual scene. The hardware setup is shown in Fig. 21.1.

The other development our group is carrying out is a mobile-based VR biofeed-
back, whose main advantage is constituted by the possibility of providing an appli-
cation outside the laboratory or the clinical settings. Besides, its cost is much more 
reduced in comparison with the CAVE system, both in terms of software and 

Fig. 21.1 CAVE system picture
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hardware (it has been developed for Oculus Go, Gear VR, and Cardboard). In this 
case, besides, as long as a ubiquitous sensor was needed, we opted to connect the 
virtual environment to the CorSense sensor. Despite having a lower sampling rate 
compared to other sensors like Zephyr, its usability and reduced cost led us to decide 
for this sensor.

Given the results of the recent meta-analysis on attrition on VR in which the incor-
poration of between-session was associated with better retention [128], counting with 
a mobile tool for VR could be of great help. Likewise, in the current advent of self-led 
interventions for VR, these interventions can be of great significance (Fig. 21.2).

Currently, the two systems are being tested in order to determine their usability, 
feasibility, and acceptance in both healthy and clinical populations. If they prove to 
be useful, a set of trials will be conducted as the next step.

 Major Challenges

There are significant considerations that should be described regarding the main 
challenges for the present and near future of VR for anxiety disorders. First and 
foremost, there are ethical concerns regarding the extent to which VR will be open 
for the massive public. On the one hand, this is important to have solid and evidence- 
based guidelines in order to guarantee the access of patients to the best possible 
treatments. Besides, it is of utmost importance to have clear regulations regarding 
the data acquisition and the way that data is protected. This is particularly sensitive 
given that nowadays most VR devices are connected to the web and therefore even 
nonverbal data may be recorded and involuntarily delivered by the users. As 

Fig. 21.2 Mobile-based VR biofeedback
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described by Bailenson [128], it is urgent that the privacy issue can be solved in 
order to make further progresses in all VR fields. Besides, it is of utmost relevance 
to establish when people do need human support [129] in a context in which self-led 
and automated interventions are emerging.

A clear challenge is to improve the developments of VR as an assessment tool. 
More than 20 years ago, when VR was just emerging as a technological develop-
ment for clinical psychology, one of its described potentialities was the possibility 
of improving clinical assessment [130]. The main argument is that clinical psychol-
ogy has primarily relied on self-report measures or behavioral tasks in laboratory or 
consultation settings. In that sense, VR is able to recreate relevant places for the 
person and thus facilitate a contextualized assessment [131].

Nevertheless, scant research has been carried out in this domain, with some 
exceptions such as the work by Dechant and colleagues (2017) who showed that the 
combination of VR and eye tracking can be useful as a diagnostic tool for social 
anxiety. The great majority of studies of assessment and VR have been developed 
for the validation of new virtual environments or as a research tool to conduct psy-
chopathological studies regarding anxiety [132].

Likewise, the integration of VR with other technologies is a pending task, which 
could enormously expand the field. For example, more gamified VR applications 
should be developed, harnessing the possibilities of engagement and potentially 
increasing efficacy that such type of environment may provide. Besides, big data 
and deep learning should be incorporated in order to foster the personalized inter-
ventions depending on the specific characteristics and preferences of the users. For 
therapeutic purposes this is of particular relevance. Finally, as aforementioned, it is 
of utmost importance to disseminate the existing developments as a way of provid-
ing therapists with feasible, cost-effective, and appealing ways of delivering a key 
therapeutic technique like exposure as well as incorporating other principles like 
embodied interventions or physiological interventions.

 Concluding Remarks

Despite the existence of a long-standing tradition in VR for anxiety disorders, the 
great majority of the developments have been conducted for the augmentation or 
replacement of in vivo exposure so far. In a context marked by a significant improve-
ment and democratization of VR, we believe that it constitutes a tool of enormous 
help for anxiety disorders. One the one hand for the massive delivery of a key tech-
nique that should be widely disseminated in order to help millions of people who do 
not receive any treatment and, on the other hand, because VR constitutes a system 
that operates like the brain and thus it may construct parallel realities with a full 
immersive sense, which therapeutically can be revolutionary, in particular for the 
understanding, assessment, and intervention of embodied facets.

However, in any case, we do not have to forget that VR, like any other technol-
ogy, is only a tool, which can be used for better or for worse. In that sense, our core 
interest as clinical psychologists, either researchers or clinicians, is to understand 
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the clinical phenomena and not be led by the usually mistaken idea of thinking that 
cutting-edge technologies will necessarily entail solutions for the problems we have 
to face with. Thus, it is of utmost importance to know how to implement the benefits 
of the developments in order to help the people in need. That is why one of the key 
challenges is to have always in mind that we need to respond the key question set by 
Gordon Paul more than 50 years ago: what works for whom. In other words, we will 
need to elucidate which people can benefit from VR, at which moments of the psy-
chopathological evolution.

John Norcross and James Prochaska conduct a Delphi study every 10 years, try-
ing to predict which are going to be the most significant improvements in the field 
of psychotherapy. In the last two articles, published in 2002 and 2013, respectively, 
VR was listed among the developments that were expected to flourish the most. 
However, in the span time between 2002 and 2013, this was not the case, and VR 
has not experienced a wide dissemination as a clinical tool [133, 134]. Currently, the 
new decade is about to finish, and VR has not sprouted out yet. However, there are 
relevant reasons to believe the situation may change now. Although there are still 
obstacles to consider, the main difficulty has been the disproportionate costs of VR 
software development and hardware purchase. In that sense, the penetration of VR 
is undoubted, and both in commercial and research domains, an exponential growth 
of off-the-shelf VR is being experienced. Besides, we have initial data suggesting 
that VR applications available in app stores are massively used but also without 
consistency after the initial download [135]. This emphasizes that despite VR appli-
cations being widely and easily implemented, the therapist support and indications 
are key to know when the intervention can be helpful and particularly to motivate 
users to persist using the application beyond the initial uptake.
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 Introduction

Assessing complementary and alternative medicine (CAM) in treatment of anxiety 
disorders is linked to several dilemmas. One is related to terminology and definition 
of CAM. While the words complementary or alternative are self-understandable, 
the term CAM is typically used to address “therapies that lie outside the spectrum 
of traditional, science-based clinical medicine and surgery” [1]. Within the para-
digm of evidence-based medicine (EBM), decisions about therapeutic interventions 
should be based on critical assessment of evidence, where evidence (scientific evi-
dence) means empirical observations supporting a certain claim/theory and quality 
evidence means empirical observations that leave little uncertainty (because consis-
tent, direct, unbiased, precise) about the direction and size of the effect of an inter-
vention [2]. However, the distinction between CAM and conventional is not only 
about scientific background. Definition by the National Center for Complementary 
and Alternative Medicine (NCCAM; since 2014 National Center for Complementary 
and Integrative Health; NCCIH), USA [3, p. 19], recognizes that the boundaries 
between CAM and the “dominant (health) system” are not always sharp or fixed and 
that CAM “encompasses resources, health systems, modalities, and practices and 
their accompanying theories and beliefs, other than those intrinsic to the dominant 
health system of a particular society or culture in a given historical period. CAM 
includes such resources perceived by their users as associated with positive health 
outcomes” [3]. Hence, reasons for defining a treatment as CAM are not only scien-
tific but also political, social, and conceptual [4]. Simply said, a CAM method 
would be any “nonmainstream practice” [5] aimed at achieving a beneficial health 
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outcome. Within the present context, mainstream pertains to the usual allopathic 
Western practice whose knowledge base derives from science. The EBM approach 
enables translation of seemingly incommensurable concepts into the (scientific) 
language of proof and evidence – the discovery of artemisinin, an antimalaric, is a 
prominent example [6]. Moreover, it classifies treatments as either supported by 
evidence or not; all other distinctions (e.g., conventional vs. CAM) are only of sec-
ondary relevance [7]. Consequently, one could doubt whether, for example, virtual 
reality or well-being therapy, each addressed in other chapters of this book, should 
be (due to this fact) considered mainstream or CAM, or whether otherwise main-
stream psychiatric interventions being evaluated for further indication in anxiety 
disorders should be considered as such, or as CAM (on the account of thus far 
scarce evidence). For a practical purpose of defining a framework of this chapter, we 
considered all interventions not listed as recommended treatments for anxiety dis-
orders in respective professional guidelines (e.g., [8–15]) as CAM, except those 
with a recognized use (mainstream) in other psychiatric/neurological or medical 
conditions, or in treatment of anxiety disorders but with a new mode of implementa-
tion, e.g., cognitive behavioral therapy (CBT) via the Internet or smartphones. 
Surveys [16, 17] have identified more than 100 different CAM practices. We address 
them using the classification proposed by NCCAM (NCCIH) [3], i.e., as (a) biologi-
cally based therapies (e.g., “folk medicine,” diet-based therapies, natural products); 
(b) mind-body interventions (e.g., meditation, relaxation, hypnosis, Tai Chi, Qi 
gong); (c) manipulative and body-based methods (e.g., chiropractic, osteopathy, 
massage, movement therapies); (d) alternative medical systems (e.g., Ayurveda, 
homeopathy, traditional healers); (e) energy therapies (e.g., light therapy, magnetic 
fields); and others.

This book explicitly addresses anxiety disorders in line with the DSM 5 criteria 
(excludes obsessive-compulsive disorder [OCD] and post-traumatic stress disorder 
[PTSD]). This chapter includes reference to relevant publications on the topic where 
anxiety disorders were diagnosed in line with the accepted mainstream criteria that 
were in place at a given time period (e.g., previous editions of DSM). To be in line 
with the general concept of the entire book, the potential of CAM specifically in 
OCD or PTSD is not addressed, but studies comprising mixed patient populations 
with different anxiety disorders, including OCD or PTSD are considered. Level of 
anxiety is increased in different situational contexts, physiological (e.g., pregnancy) 
and medical conditions (e.g., malignancy, cardiovascular disorders). Even a brief 
search of Medline discloses a number of publications on the use of CAM to “relieve 
anxiety” in such settings – a recent systematic review [18] addressed randomized 
controlled trials (RCTs) of CAM in pregnant women reaching certain cut-off scores 
on anxiety rating scales, but none of the participants was actually diagnosed with 
anxiety disorder due to another medical condition [18]; another one identified 19 
RCTs of transcendental meditation in trait anxiety [19] in students, prison inmates, 
veterans, prison staff, patients with hypertension, etc., but again, participants were 
not actually diagnosed with any anxiety disorder. This chapter focuses on evidence 
pertaining to the use of CAM for treatment of specific anxiety disorders and not for 
relief of anxiety in otherwise healthy subjects or in medically ill patients. While this 
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might be objected having in mind the concept of complementary and integrative 
health [20] that implies the use of CAM to improve the outcomes of mainstream 
treatments in any diseased condition or to contribute to disease prevention and/or 
improvement of well-being (i.e., CAM as a part of a holistic approach) [20], we find 
the settings were anxiety is the only or the primary disorder to be more appropriate 
for detecting the potential of CAM procedures for its treatment as their main effect 
(not confounded or obscured by possible effects on the other primary underlying 
condition). In 2013, Jonas et  al. [21] provided a comprehensive overview of the 
“evolution of CAM in the USA,” evolution of terminology related to CAM and its 
conceptual perception, and a “switch” in stakeholders’ reasoning resulting in a 
“shift from questions such as ‘What is CAM?’ or even ‘Does this CAM work?’ to 
questions such as ‘How can we use this CAM practice to improve clinical out-
comes, reduce overall health-related expenditures or increase worker productivity 
and quality of life’” [21]. We take a “step back” and primarily address the question 
“Does this CAM work?” for treatment of anxiety disorders looking for evidence in 
the EBM sense.

The NHIS surveys show a clear increasing trend in the use of CAM, and anxiety 
and depression appear to be among 5–6 conditions for which CAM methods are 
most frequently used by adults and children (3–4% of participants reported using 
CAM for anxiety or depression) [22]. In reverse, a large survey in 25 countries 
reported a 1-year prevalence of CAM use among patients with an anxiety disorder 
diagnosed in line with DSM 4 to be 3.9%; moreover, in those with high disease 
severity, the prevalence was 7.2% for CAM use, 1.4% for only CAM use, and 5.9% 
for CAM combined with other care [23]. History of psychiatry is rich with examples 
of treatments that, at certain times, were considered scientifically unsound (by the 
actual criteria), but were subsequently accepted as mainstream only to be eventually 
discarded [24]. In the meantime, understanding of the nature (biology) of psychiat-
ric disorders has enormously evolved (although still being far from complete) and 
so is the understanding of the mechanisms through which the mainstream (or 
intended to be) treatments exert their effects, this fact giving them the image of 
scientifically based. This kind of knowledge is missing for most of the CAM treat-
ments in most of the situations [20, 24]; however, the EBM methodology does not 
necessarily require understanding of the underlying mechanisms. Here we overview 
the body of evidence on efficacy/safety of CAM treatments for anxiety disorders 
using the established EBM principles that are standardly employed to evaluate the 
mainstream interventions. Considering the ever-growing number of publications on 
CAM (now counted in hundreds of thousands, [21, 25]), many of which pertain to 
anxiety disorders, a selection had to be made so this overview is far from exhaus-
tive. In this process, we reasoned as follows:

 (a) RCTs have the highest potential to accurately (unbiasedly) identify treatment 
effects. As a starting point, we searched PubMed/Medline and Cochrane data-
bases to identify systematic reviews of RCTs pertaining to treatment of anxiety 
disorders (diagnosed as explained) published between 2000 and January 15, 
2019, and selected those reporting on the use of CAM (defined as explained). 
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Where indicated by the systematic reviews, we further searched individual 
RCTs. We provided numerical data when we deemed it informative to support 
claims about treatment (non)effects. We considered it unfeasible to list other 
numerical data (interested readers are directed to the cited literature), in part 
due to their practical irrelevance and in part due to the fact that the area is 
dynamically changing and new data might have arisen in the meantime.

 (b) We attempted to evaluate quality of evidence, i.e., the level of (un)certainty 
about the effect (or lack of it) suggested for individual treatments (how likely it 
is that the provided estimate hits the true “population effect”). While there are 
widely used tools to evaluate quality (risk of bias) of RCTs (e.g., Cochrane col-
laboration tool, RoB 2.0; https://sites.google.com/site/riskofbiastool/welcome/
rob-2-0-tool) or of systematic reviews (e.g., updated AMSTAR tool; https://
amstar.ca/) and overall quality of evidence (e.g., GRADE; https://cebgrade.
mcmaster.ca/), we did not systematically employ any of them, but implemented 
key criteria contained in these tools, as outlined in Table 22.1.

 (c) Consequently, although this approach is sometimes used in evaluation of the 
mainstream treatments (e.g., [30]), we disregarded evaluations of “post- vs. 
pre-” effect sizes since they cannot distinguish the treatment effect from chance, 
natural course of the disease, or regression to the mean.

 Biologically Based Therapies

NCAM/NCCIH explicitly excludes vitamins and minerals from this subgroup of 
CAM, and the term refers typically to various herbal preparations [3, 5]. Several 
systematic reviews addressing CAM, however, included also a reference to “nutra-
ceuticals” or “diet” (e.g., [31–33]). Some of the herbal preparations typically 
addressed as CAM have a long-standing medicinal use in the Western world related 
to anxiety, and some of them have a specific regulatory status. The European 
Medicines Agency (EMA) and its Committee on Herbal Medicinal Products 
(HMPC) recognize a regulatory pathway of traditional use registration for herbal 
drugs – herbal drug/medicinal plant and preparations thereof need to be in human 
use for more than 30 years, data (generally, only bibliographic) are needed to sup-
port safety and plausible efficacy, and products are intended to be used without 
medical supervision (i.e., for self-medication or over-the-counter use) [34].

 Lavender (Lavandula angustifolia) Preparations

Background HMPC has adopted two community herbal monographs [35, 36] per-
taining to Lavandula angustifolia Miller and traditional use of preparations for 
“relief of mild symptoms of mental stress and exhaustion and to aid sleep”: lavender 
flower (L. angustifolia, flos) comminuted substance to be used for preparation of tea 
or as a tincture and essential oil obtained by steam distillation from the flowering 
tops (L. angustifolia, aetheroleum), to be used orally or as a bath additive. There 
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Table 22.1 Elements considered and reasoning in evaluation of quality of RCTs and meta- 
analysis of RCTs and of (un)certainty about utility of CAM for treatment of anxiety disorders

Individual RCTs

Patient sample Sampling procedure. Effects observed in single-center samples are at a 
higher risk of being by chance (sampling variation) than the effects in 
multicenter samples. Even with the same inclusion-exclusion criteria, 
single-center samples are less likely to fully represent the population. Size. 
Small samples (vs. large) are less likely to fully represent the population; 
observed effects are more likely to be inflated and/or by chance and fragile

Control 
treatments

Representing “idea of treatment.” Placebo or adequate sham interventions 
are likely to transfer the “same idea of treatment” or “expectation” as the 
tested intervention. No-treatment control may inflate the treatment effect 
(e.g., due to negative expectations). Waiting-list control may introduce 
selection bias (trial may include only patients “susceptible” to CAM effect) 
combined with inflation of treatment effect (negative expectation in the 
“waiting-list” group). Active treatment. Superiority to otherwise known 
effective treatments supports efficacy, but size of the effect cannot be 
estimated. “Lack of difference” or formal non-inferiority to otherwise known 
effective treatments in trials lacking assay sensitivity does not 
unambiguously support efficacy. Superiority to treatments not otherwise 
confirmed as not harmful does not unambiguously support efficacy. In order 
to gain regulatory approval, mainstream pharmacological treatments are 
required to be tested in RCTs including placebo (with or without an active 
treatment control) (see, e.g., [26])

Treatment 
assignment

Randomization and concealment of the randomization sequence are expected 
to ascertain balance between groups regarding potential confounders/effect 
modifiers and to prevent selection bias (arising from knowledge or 
anticipation of the subsequent treatment). Some findings might indicate that 
this process has failed, e.g., excessive similarity between groups that is not 
likely to be by chance, a marked imbalance in group sizes (compared to the 
intended ratio), excessive baseline differences between groups not likely to 
be by chance, or imbalance in likely confounders/effect modifiers or baseline 
values of the outcome measures. However, such signs are difficult to assess 
in small trials (how to estimate “deviation” from chance?) and small but 
relevant imbalances might be undetected. Hence, one has to rely upon what 
was reported by the authors. Although this might sound prejudiced, we 
consider that sponsored trials (e.g., professional societies, institutes, industry) 
are less likely to be flawed in this respect simply due to the fact that they are 
more likely to be more scrutinized during the planning and conductance 
phase

Trial/treatment 
duration

Regulatory requirements for mainstream pharmacological treatments 
consider 8–12-week trials to be “short-term” trials and include also 
“long-term” trials (6–12 months) (e.g., [26]). The shortest recommended 
(mainstream pharmacological or psychological) treatment in anxiety 
disorders is 6 months (e.g., [13]). Efficacy may become apparent only after 
longer periods of treatment and/or may vary in time [13]. Exclusively 
short-term trials (e.g., <12 weeks) may demonstrate short-term efficacy, but 
do not unambiguously support a claim related to successful management of 
anxiety disorders in line with professional recommendations. Exclusively 
short-term trials may not unambiguously exclude possible efficacy

(continued)
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Table 22.1 (continued)

Individual RCTs

Outcome 
measures

Mainstream treatments are expected to provide benefits in terms of reduction 
of severity of anxious symptoms (adequate symptom scales) and a benefit in 
terms of proportions of subjects experiencing (a) clinically relevant response, 
(b) remission, or (c) relapse [13, 26]

Detection of 
outcomes 
(beyond 
blinding)

Validated scales with known psychometric properties are likely to accurately 
quantify anxiety. For detection (ascertainment) of outcomes in trials of 
mainstream treatments, clinician-implemented tools are recommended (e.g., 
[26]), like Hamilton anxiety rating scale, panic disorder severity scale, panic 
and agoraphobia scale, Liebowitz social anxiety scale, or brief social phobia 
scale, and investigators are expected to be trained in their implementation. 
Inexperienced assessors/assessors being trained through evaluation of the 
study subjects may introduce bias. Unequally experienced/trained assessor 
may introduce bias

Blinding of 
patients

Considering the nature of the condition (anxiety disorder) and the fact that its 
quantification includes subjective patient reporting, when patients are aware 
of their assigned treatment, effects could easily be overestimated (e.g., 
unequal “expectation” vs. no-treatment/waiting list, recognizable sham 
procedure) but also underestimated (e.g., vs. established mainstream 
treatment). Reporting of adverse events may also be biased

Blinding of 
investigators/
assessors

Investigators/carers aware of the assigned patient treatments may introduce 
performance bias. Considering the judgment component in outcome 
assessment (clinician-implemented rating scales), assessors aware of the 
assigned patient treatment may introduce detection bias

Treatments that 
cannot be 
adequately 
blinded

While for biologically based therapies (e.g., herbal preparations, 
nutraceuticals etc.) provision of adequate placebos is feasible allowing for 
blinding of both patients and carers/outcome assessors, adequate sham 
procedures (and, consequently, blinding) might be more difficult to achieve 
for various other CAMs. This, however, does not mean that this is 
impossible, i.e., that it is not possible to achieve a fair level of reduction of 
risk of various biases potentially arising from the patient/carer/outcome 
assessor’s awareness about the assigned treatments. For example, some sham 
procedures might be reasonable enough as to allow for the blinding of 
patients (but not carers/assessors). Separating the roles of carers/treatment 
providers/outcome assessors would then allow that carers/assessors are also 
blinded. Sometimes, it might be uncertain whether the sham procedure 
conveys only the “idea of treatment” or whether it actually might be 
effective, which would generate “control treatment bias” and underestimate 
or completely blur the effect of treatment. Factorial or incomplete factorial 
designs could be useful in such situations, including mainstream 
pharmacological treatments and respective placebos, resulting in multiarm 
trials

(continued)
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Table 22.1 (continued)

Individual RCTs

Attrition and 
related issues

Efficacy analysis based exclusively on patients who complete the trial “as 
planned” (i.e., per protocol, PP) tends to inflate the treatment effect. Hence, 
tests of inequality should be based on all randomized (intent-to-treat, ITT) 
patients or, what appears more reasonable in the case of RCTs in anxiety 
disorders, all randomized patients who are evaluated at baseline and have 
received at least one “dose” of the assigned treatment. PP is more 
conservative in the case of non-inferiority trials, but in anxiety disorders, 
assay sensitivity of such trials if placebo/sham is not included is 
questionable, and a test of non-inferiority should follow after a test of 
inequality (expected superiority) vs. placebo/sham. Considering the nature of 
the disease and expected several weeks needed to observe a treatment effect, 
the outcome measures are based on “difference in symptoms after a period of 
treatment vs. baseline,” thus requiring some form of data imputation for 
patients who drop out of the trial (for any reason) to preserve the ITT 
principle. There is no ideal imputation method. Fixed data imputation (e.g., 
LOCF) however is commonly used in this type of trials. Imbalance in the rate 
of attrition or in reasons for attrition may introduce bias. Even if the reasons 
are comparable for the evaluated and control treatment, when attrition is high 
(i.e., a considerable amount of data needs to be imputed) – The estimates of 
treatment-control differences are of questionable accuracy

Assessment of 
safety

Ascertainment of adverse events. Adequate methods for ascertainment of 
adverse events in a trial are essential in order to make any claims about their 
(non)occurrence. All patients receiving at least “one dose” of a treatment 
should be considered. Reporting. Reports not explicitly stating a lack of a 
particular adverse event are uninformative

Data analysis Baseline values of a certain measure have a great impact on the value of this 
measure taken at a certain later time point. Regardless of an apparent balance 
between groups in respect to baseline severity of symptoms, outcome 
measures based on “change from baseline” (actual score, change in score vs. 
baseline, or proportion of responders or remitters) need to be adjusted for the 
baseline value. Randomization is expected to achieve a balance in 
confounders/moderators. However, even when there are no obvious 
imbalances between groups in characteristics that may affect the outcome, 
such characteristics should be accounted for in data analysis, particularly in 
smaller trials [27]

Treatment effect estimates across trials (pooled estimates, meta-analysis)
High risk of 
bias trials

To get an accurate estimate of a true effect, estimation should be based on 
unbiased observations. High risk of bias trials are likely largely inaccurate; 
hence pooling data from such trials makes little sense – It may only increase 
“precision in inaccuracy” and thus be misleading. Even if a pooled effect is 
similar to a pooled effect across low risk of bias trials, it still makes no sense 
since we do not know what the estimates would be in such trials (patient 
samples) had they been better protected from various biases

(continued)
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Table 22.1 (continued)

Individual RCTs

Clinical 
homogeneity

Effects pooled across clinically inhomogeneous trials (e.g., different patient 
characteristics; different doses or, e.g., acupuncture points or type of 
exercise; different duration) make little sense even if results are “statistically 
homogeneous” (particularly when the number of trials is limited) as they 
provide different information. Showing similar effects in different clinical 
settings (e.g., different patient characteristics, trial duration) is a different 
thing and is more informative about robustness of the effect than showing 
“lack of statistical heterogeneity” across a limited set of trials – With a 
limited number of trials, formal tests, or measures of heterogeneity/
inconsistency can be underpowered/imprecise, hence not reliable

Statistical 
heterogeneity/
inconsistency

Whether or not to generate pooled estimates – And how to interpret 
them – Across trials with heterogeneous treatment effects is a delicate issue. 
By using the fixed-effect approach, pooled estimates are likely to be 
inaccurate. Moreover, the idea is conceptually wrong: Pooled effect tends to 
present something that might not exist – a single true effect. The random- 
effects method(s) will account for the between-study variance, but would not 
“resolve it”. The produced estimate is difficult to interpret (particularly if 
reported without prediction intervals) – It is the estimate of the mean of the 
effects: If different from zero, this does not necessarily mean that the 
population of effects does not also contain “effects not different from zero” 
or some other larger effects; if not different from zero, it does not mean that 
there are no “different from zero” effects. In fact, if meta-regression is not 
possible (and it requires a substantial number of trials) that would identify 
effect moderators, i.e., subsets of trials each estimating one of the effects 
from the “population of effects” (e.g., in younger and in older; after 6 or 
24 weeks of treatment, etc.) and each subset with a reasonably low 
heterogeneity – The random-effects estimate may not make much sense. One 
such scenario refers to random-effects estimates across large and small trials. 
Sets of smaller trials inherently show higher between-study variance (τ2) than 
the comparable sets of larger trials [28]. At the same time, estimate of τ2 in a 
set of small trials with imprecise estimates (high within-study variance) may 
commonly be 0, although there is a substantial dispersion of effects [28]. 
Since in standard random-effects procedures one same estimate of τ2 is used 
in weighting of all the trials, this could skew the estimates and the prediction 
intervals. The proportion of true heterogeneity between studies within the 
total heterogeneity (true/true+random) – I2 – Depends on trial size (within- 
study variance): In sets of large studies (low within-study variance; random 
component) actually small differences (low τ2) between study effects may 
result in high I2 (since the contribution of the random part is low), while in 
sets of small trials (high within-study variance), I2 could be low, despite a 
considerable dispersion of effects; consequently, the actual dispersion of 
effects “behind” one value of I2 can be low-moderate or high [29]. Main 
points: (i) fixed-effect meta-analysis is rarely appropriate (e.g., studies 
replicated in design and clinical features with similar, consistent effect 
estimates); (ii) random-effects meta-analysis requires careful interpretation; 
(iii) choice of the method should not depend on the estimated heterogeneity/
inconsistency; and (iv) assessment of heterogeneity across a limited number 
of trials/small trials is problematic

(continued)
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appear to be no RCTs evaluating Lavender tea, tincture, or baths in the treatment of 
anxiety disorders [37, 38]. On the other hand, an industrially sponsored oral product 
containing an active substance defined as “lavender essential oil obtained by steam 
distillation” (Silexan®, WS® 1265) [39] is likely the most comprehensively evalu-
ated herbal preparation for treatment of anxiety disorders. The product (80 mg soft 

Table 22.1 (continued)

Individual RCTs

Overall assessment of efficacy and of utility in treatment of anxiety
Clinical 
relevance

Treatment of anxiety disorders implies (a) reduction of anxiety, i.e., 
achieving a relevant clinical improvement/remission and, in responders, (b) 
maintenance of remission based on the use of preferred instruments. In 
practical clinical terms, evidence of efficacy based on increased probability 
of remission/clinically relevant response or reduced risk of relapse is more 
meaningful than the one based on a difference in symptom severity scores. 
Duration of recommended mainstream treatments (across different anxiety 
disorders) is at least 6 months – a conclusion about full utility of any CAM 
treatment for anxiety disorders can only be based on the ability to achieve 
these goals. Other conclusions may pertain to parts of the process: e.g., 
efficacy in the initial short-term (e.g., 8–12-week) treatment

Overall body of 
data

One low risk of bias trial with adequate outcome measures and duration may 
result in a high level of certainty about the treatment effect; however, strength 
of recommendations (and regulatory requirements for pharmacological 
treatments) about mainstream treatments largely relies upon replication of 
the results – This is related to the nature of the disorder, and independent 
repeated trials are generally needed in order to exclude the chance

Risk of bias Biased trials leave uncertainty (greater with more severe bias) about the 
actual treatment effect (or its nonexistence). Severely biased trials, e.g., trials 
using a waiting-list control (selection, performance, detection) even if large 
and indicating a large effect, leave a high level of uncertainty about whether 
a true effect exists at all

Inconsistency In a single trial, inconsistency between treatment effects based on change in 
symptoms scores and treatment effects based on probability of remission/
response questions the existence of a true effect. Inconsistency of effects 
across several trials generally generates variable levels of uncertainty about 
the existence of an effect and/or its size. However, when large, low risk of 
bias trials show effects that are all in the same direction, even if the indices 
of heterogeneity/inconsistency are high, this does not compromise the 
conclusion of efficacy

Imprecision In general, imprecision per se raises (variable degree of) uncertainty about 
the treatment effect, but interpretation of imprecise estimates depends also on 
their location as well as the level of bias in the trials: Imprecise estimates 
from low risk of bias trials that consistently show an effect result in a 
reasonably high certainty that the true effect indeed exists, but in a high 
uncertainty about its size; if consistently showing lack of an effect, then we 
can be reasonably certain that there is no (relevant) effect (although, a 
smaller effect cannot be excluded). Imprecise estimates from high risk of 
bias trials result in a very high uncertainty about the existence/nonexistence 
of an effect
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gelatin capsules) has been approved (traditional use) in Germany [39], Sweden 
[40], and several other EU and non-EU countries for “relief of mild anxiety” (e.g., 
Sweden) or “treatment of restlessness accompanying anxious mood” (Germany) 
(80  mg capsule once daily). The development of the product is outlined in an 
“umbrella” review [39] and is addressed in several other targeted reviews/meta- 
analyses [41–44]. Silexan was evaluated in RCTs in patients with generalized anxi-
ety disorder (GAD) (DSM 5 300.02), anxiety disorder not otherwise specified 
(DSM 4 300.00; ICD-10  F41.9), restlessness and agitation (ICD-10 R45.1), or 
mixed anxiety and depressive disorder (ICD-10 F41.2) (Table 22.2). The latter three 
conditions are referred to as “subsyndromal anxiety disorder” – patients meet some 
but not all criteria for diagnosis of GAD [43].

Efficacy GAD. In one [45] large, multicentric low risk of bias 10-week double- 
blind RCT, Silexan 80 mg qd was superior to placebo and tended to be superior to 
paroxetine 20 mg qd in respect to Hamilton anxiety rating scale (HAM-A) score 
reduction at the end of treatment, proportion of responders (≥50% score reduction), 
but not in proportion of remitters, while Silexan 160 mg qd was superior based on 
all outcomes (Table 22.2). No withdrawal difficulties were observed during a subse-
quent week after abrupt Silexan withdrawal/paroxetine taper [50]. Another 10-week 
identically designed/conducted multicentric unpublished double-blind trial 
(Table 22.2) was indicated in the reviews [42, 43]. In this trial Silexan 80 mg qd was 
not superior to placebo (Table 22.2) [43]. The third [46] double-blind, multicentric 
6-week trial compared Silexan 80 mg qd to lorazepam 0.5 mg qd. Although non- 
inferiority was claimed for Silexan [46], it suffered several limitations (Table 22.2) 
leaving high uncertainty about efficacy of Silexan. No withdrawal symptoms were 
observed in either arm over a 2-week taper [46]. Subsyndromal anxiety disorder. 
Three identically designed (Silexan 80 mg qd) multicentric, double-blind 10-week 
placebo-controlled low risk of bias RCTs [47–49] were conducted in these condi-
tions (Table 22.2). Data were also analyzed jointly in a meta-analysis [44]. Silexan 
was formally superior to placebo in all three trials regarding HAM-A reduction, in 
2/3 regarding response rates (numerically better in the third trial) and in 1/3 regard-
ing remission rates (numerically better in other two trials) (Table  22.2; [44]). 
Differences vs. placebo were rather large in the first trial [47] and smaller and simi-
lar in the other two [48, 49] (Table  22.2); hence, quite some heterogeneity was 
observed [44]. However, all effects were in the same direction (Table 22.2, [44]).

Safety Adverse events (AEs) monitoring and reporting was adequate (regulatory 
trials). In none of the individual trials or joint analyses was incidence of “any AE” 
higher with Silexan (10–160  mg/day) than with placebo. The only AE observed 
more commonly with Silexan was eructation [39, 41–50]. Targeted studies in 
healthy subjects demonstrated no effect of Silexan (160 mg qd over 11 or 28 days) 
on the activity of CYP1A2, CYP2C9, CYP2C19, or CYP3A4 (relevant in metabo-
lism of mainstream treatments) and no pharmacokinetic interactions with oral con-
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Table 22.2 Randomized controlled trials of oral Silexan (standardized lavender oil extract in soft 
gelatin capsules) in anxiety disorders (identified from Ref. [39, 41–44]). Data are counts (percent-
ages), mean ± SD or differences with 95% confidence intervalsa

General design 
and quality ITT data

HAM-A 
reduction

Response 
(≥50% 
reduced)

Remission 
(HAM-A < 10)

Generalized anxiety disorder (DSM 5, 300.02)
Kasper 2014 
[45]

Multicentric, 
DB, 10-week;
Outpatients 
18–65 years, 
HAM-A ≥ 18; 
low risk of bias 
all items, 
adequate data 
analysis

Placebo 
n = 135
Paroxetine 
20 mg qd 
n = 132
Silexan 
80 mg qd 
n = 135
Silexan 
160 mg qd 
n = 121

Placebo: 
9.5 ± 9.0
Paroxetine 
11.3 ± 8.0
Silexan 
80-placebo:
2.8 (0.9–4.8)
Silexan 
160-placebo:
4.0 (1.9–6.1)

Placebo: 51 
(37.8)
Paroxetine: 
57 (43.2)
Silexan 
80-placebo 
RD:
14.1 
(2.2–25.6)
Silexan 
160-placebo 
RD:
22.6 
(10.3–34.1)

Placebo: 40 
(29.6)
Paroxetine: 45 
(34.1)
Silexan 
80-placebo 
RD:
3.7 (−7.4 to 
28.2)
Silexan 
160-placebo 
RD:
16.6 (4.8–28.2)

Unpublished, 
indicated in 
43 and 44

Multicentric, 
DB, 10-week;
Outpatients 
18–65 years, 
HAM-A ≥ 18; 
low risk of bias 
all items, 
adequate data 
analysis

Placebo 
n = 102
Silexan 
80 mg qd 
n = 103
(also 
10 mg or 
40 mg, but 
clearly not 
effective)

Placebo: 
11.4 ± 8.0
Silexan 80: 
11.6 ± 8.1
(Δ = 0.2; 
−1.7 to 2.3)

No data 
available, 
but 
apparently 
[43] no 
difference 
vs. placebo

No data 
available, but 
apparently [43] 
no difference 
vs. placebo

Woelk 2010 
[46]

Multicentric, 
DB, 6-week;
Outpatients 
18–65 years, 
HAM-A ≥ 18; 
no attrition, 
but: No assay 
sensitivity; no 
adjustments for 
baseline 
HAM-A; 
inconsistency 
in score change 
and response/ 
remission 
treatment 
differences, 
imprecise 
estimates

Lorazepam 
0.5 mg qd 
n = 37
Silexan 
80 mg qd 
n = 40

Lorazepam: 
11.6 ± 6.6
Silexan 80: 
11.3 ± 6.6
(Δ = −0.3; 
−3.3 to 2.7)

Lorazepam: 
15 (40.5)
Silexan 80: 
21 (52.5)
(RD = 12.0;-
10.4 to 33.1)

Lorazepam: 10 
(27.0)
Silexan 80: 16 
(40.0)
(RD = 13.0; 
−8.4 to 33.1)

(continued)

22 Current Research on Complementary and Alternative Medicine (CAM…



426

traception [39]. Studies are underway to evaluate the impact of Silexan on driving 
ability (vs. placebo and lorazepam) in healthy subjects  (https://www.clinicaltrial-
sregister.eu/ctr-search/trial/2015-001101-14/DE).

Table 22.2 (continued)

General design 
and quality ITT data

HAM-A 
reduction

Response 
(≥50% 
reduced)

Remission 
(HAM-A < 10)

“Subsyndromal” anxiety disorder(s)
Kasper 2010 
[47], DSM 
IV 300.00/
ICD- 
10 F41.9

Multicentric, 
DB, 10-week;
Outpatients 
18–65 years, 
HAM-A ≥ 18; 
low risk of 
bias, but biased 
detection of 
response/
remission 
(PSQI 
interference)

Placebo 
n = 108
Silexan 
80 mg qd 
n = 104

Placebo: 
9.5 ± 9.1
Silexan 80: 
16.0 ± 8.3
(Δ = 6.5; 
4.1–8.9)

HAM-A or 
PSQI ≥50% 
red.
Placebo: 53 
(49.1)
Silexan 80: 
80 (76.9)
(RD = 27.8; 
15.0–39.8)

HAM-A < 10 
or PSQI <6
Placebo: 46 
(42.6)
Silexan 80: 63 
(60.6)
(RD = 18.0; 
4.5 to 30.8)

Kasper 2015 
[48], ICD-10 
R45.1

Multicentric, 
DB, 10-week;
Outpatients 
18–65 years, 
HAM-A ≥ 18; 
low risk of bias 
all items, 
adequate data 
analysis

Placebo 
n = 84
Silexan 
80 mg qd 
n = 86

Placebo: 9.3
Silexan- 
placebo
2.7 (4.5 to 
30.8)

Placebo: 28 
(33.3)
Silexan 80: 
42 (48.8)
(RD = 15.5; 
0.7–29.7)

Placebo: 19 
(22.6)
Silexan 80: 27 
(31.4)
(RD = 8.8; 
−4.7 to 22.0)

Kasper 2016 
[49], 
ICD- 
10 F41.2

Multicentric, 
DB, 10-week;
Outpatients 
18–65 years, 
HAM-A ≥ 18; 
low risk of bias 
all items, 
adequate data 
analysis

Placebo 
n = 156
Silexan 
80 mg qd 
n = 159

HAM-A
Placebo: 
8.4 ± 8.9
Silexan- 
placebo
2.5 (0.5–4.5)
MADRS
Placebo: 
6.1 ± 7.6
Silexan- 
placebo
3.3 (1.6–5.4)

HAM-A
Placebo: 54 
(34.6)
Silexan 80: 
66 (41.5)
(RD = 6.9; 
−3.8 to 17.5)
MADRS
Placebo: 50 
(32.1)
Silexan 80: 
64 (40.3)
(RD = 8.2; 
−2.4 to 18.6)

HAM-A
Placebo: 45 
(28.8)
Silexan 80: 55 
(34.6)
(RD = 5.7; 
−4.6 to 15.9)
MADRS ≤10
Placebo: 53 
(34.0)
Silexan: 74 
(46.5)
(RD = 12.5; 
4.5 to 30.8)

aWhere adjusted differences were reported, symptom score reductions for placebo or active con-
trols are shown as mean ± SD, and for Silexan adjusted mean differences vs. placebo are shown; 
otherwise, score reductions (mean ± SD) and proportions for Silexan and control are shown, and 
differences (mean difference, Δ, or risk difference, RD) are calculated from summary data for the 
purpose of this overview
HAM-A Hamilton anxiety rating scale, MADRS Montgomery-Asberg Depression Rating Scale, 
PSQI Pittsburgh Sleep Quality Index, qd once daily
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Conclusion Safety and tolerability of this particular product over 2–3 months of 
use are well documented. One additional large multicentric low risk of bias trial 
would be needed to demonstrate its efficacy in initial short-term treatment of 
GAD.  There is no data on long(er)-term treatment, attainment/maintenance of 
response/remission; hence utility of this product as a monotreatment for GAD is 
unknown. There is moderate evidence of efficacy of Silexan 80 mg qd for short- 
term treatment in patients with “subsyndromal anxiety disorder,” but the size of the 
effect is uncertain. There is no data on long(er)-term treatment.

 Kava Kava (Piper methysticum) Preparations

Background The use of Kava Kava (preparations of Kava rhizomes; Piper methys-
ticum G.  Forst., rhizome) in treatment of anxiety/anxious disorders is likely the 
most controversial topic in the setting of herbal (CAM) preparations for anxiety and 
has been addressed and debated in numerous reviews/meta-analyses (e.g., [31–33, 
51–60]). In part, the topic is intertwined with the topic of recreational/ceremonial 
and traditional medicinal (for various ailments, including anxiety) consumption of 
Kava beverage (maceration of grounded dried peeled rhizome in water and coconut 
milk) originating in Polynesia, Melanesia, and Micronesia, with a tradition of over 
2000  years [61]. In 2016, the Food and Agriculture Organization (FAO) of the 
United Nations World Health Organization comprehensively evaluated the use of 
this beverage to conclude that excessive consumption might have unwanted acute 
and transitory but also potentially long-term health effects and that thus it should be 
limited in extent [61]. In part, it was prompted by observations related to industri-
ally manufactured food/dietary supplements (dried tableted extracts or liquid 
extracts frequently obtained using organic solvents) in the Western countries which, 
at some point, were associated with a signal of hepatotoxicity resulting in with-
drawal/ban of these products throughout most of the EU (except the homeopathic 
ones). In Germany, approval was revoked by the medicines agency, but based on a 
court decision in one of the German federal states, ethanolic extracts were later 
reintroduced to market [62]. In 2017 HMPC provided assessment report on Piper 
methysticum stating that there was not sufficient evidence of “plausible efficacy and 
documented safety” that would justify a community herbal monograph on Piper 
methysticum preparations as either well-established use or traditional use herbal 
products [62] for treatment of anxiety/stress-related disorders: an exhaustive review 
was provided on phytopharmaceutical, manufacturing, nonclinical pharmacologi-
cal/toxicological aspects and clinical data (overall more than 1700 publications). 
The following key points were emphasized [62]: (a) a variety of preparations (dif-
ferent extraction methods; isolated or synthetic components) were used in analyti-
cal, nonclinical, and clinical studies; (b) nonclinical toxicology/safety pharmacology 
studies yielded variable results, indicating hepatotoxicity or increased incidence of 
hepatoblastoma for some specific preparations, likely not applicable to others, and 
a lack of adequate reproductive and developmental toxicity studies; and (c) clinical 
studies varied in duration, dosage (based on kavalactones), type of extract, patient 
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population, and outcome measures. Table 22.3 summarizes RCTs of Kava prepara-
tions “in anxiety” identified by HMPC to illustrate their clinical heterogeneity.

Efficacy Two meta-analyses are commonly used to substantiate efficacy of Kava 
extracts – one by Cochrane Collaboration [53] and one that included only studies 
with the extract WS1490 (likely based on acetonic or ethanolic extraction) [54]. The 
first one [53] included seven RCTs vs. placebo (trials No 1, 6, 11–14 in Table 22.3 
and one additional 8-week trial of WS1490 70 mg tid, n = 20, vs. placebo, n = 20, 
in “climacteric syndrome, HAM-A >18”) [53, 62]. Based on 197 patients on Kava 
and 183 on placebo, a pooled estimate (weighted mean difference, WMD) of differ-
ence (Kava-placebo) in HAM-A reduction at the end of treatment was 3.85 (95%CI 
0.05 to 7.66) by random-effects method. However, τ2 = 19.89 and I2 = 78% [53] call 
for caution in interpretation. For example, (a) without the “climacteric syndrome” 
trial (six trials), WMD is 2.36 (95%CI −0.79–5.51); z = 1.47, p = 0.142, τ2 = 10.59, 
I2 = 69% (no effect); (b) with all seven trials but using the Hartung-Knapp-Sidik- 
Jonkman (HKSJ) correction recommended with small number of trials/small trials, 
the 95%CI for WMD extends from −1.81 to 9.47, t = 1.660, p = 0.147 (no effect), 
and without the “climacteric syndrome” trial, it extends from −1.79 to 6.50, 
t = 1.467, p = 0.202 (no effect); and (c) based on all seven trials, 95% prediction 
interval for Kava-placebo difference extends from −8.59 to 16.3 (from Kava sub-
stantially worse to substantially better), and the range of effects (WMD ± 2τ) is 
−5.02 to 12.72. The published pooled effect, hence, should be carefully interpreted. 
The second meta-analysis was based on individual patient data [54] and included 
the same trials as the previous one [53], except for the trial No 1 in Table 22.3 (over-
all, 180 on WS1490 and 165 on placebo), to conclude superiority in terms of 
HAM-A reduction (reported WMD 5.94, 95%CI −0.86 to 12.8; p = 0.074). A few 
points: (a) recalculation on study summary data for the purpose of this chapter indi-
cated WMD = 4.96, 95%CI 1.14 to 8.77, z  =  2.547, p  =  0.011, τ2 = 16.09, and 
I2 = 74%; (b) with HKSJ correction, 95%CI −1.05 to 10.97, t = 2.122, p = 0.087 (no 
effect); (c) without “climacteric” trial and with HKSJ correction (5 RCTs, 160 
WA1490, 145 placebo), WMD = 3.41, 95%CI −0.73 to 7.55, τ2 = 6.25, I2 = 56.1%, 
t = 2.287, p = 0.084 (no effect); (d) with all six trials, range of effects from −3.1 to 
12.98 and 95%PI from −7.14 to 17.3; (e) the largest trial with WS1490 (No 5 in 
Table 22.3) was not included as it used Anxiety Status Inventory: reduction in scores 
were somewhat higher with WS1490 (n = 71) than with placebo (n = 70) but not 
significantly [63]. The meta-analysis [54] reported also a strong effect of WS1490 
based on proportion of responders (reduction in HAM-A  ≥  50%)  – pooled 
OR = 3.30, 95%CI 2.09–5.22. Recalculation based on summary data, without the 
“climacteric syndrome trial” and including the largest trial (63; response = reduc-
tion in ASI >5 score points), with HKSJ correction gives Mantel-Haenszel 
RR = 1.47, 95%CI 1.10–1.97, t = 3.379, p = 0.02, τ2 = 0.017, I2 = 22.4%, and 95%PI 
extending from 0.90 to 2.37 indicating, still, some uncertainty. We previously [51] 
addressed RCTs of Kava vs. placebo to point out meaninglessness of pooled esti-
mates due to clinical and statistical heterogeneity (even after adjustment for  baseline 
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Table 22.3 Randomized controlled trials of Kava extracts in “anxious disorders” identified in the 
HMPC assessment report [62]. Study data taken from Ref. [62] and individual study publications

Trial No, design Indication Extract, kavalactones dose Treatments
1, DB, 4 weeks, 
HAM-A 
primary

DSM 4 GAD
HAM-A ≥ 16

Ethanolic, 70 mg bid 
1 week and then 140 mg 
bid

Kava n = 17
Placebo n = 18

2, DB, 4 weeks 
HAM-A 
primary

DSM 4 GAD
HAM-A 12–20

Ethanolic, 70 mg bid 
1 week and then 140 mg 
bid

Kava n = 6
Placebo n = 7

3, DB, 8 weeks
HAM-A 
primary

DSM 4 GAD
HAM-A ≥ 18

Ethanolic, 70 mg bid 
1 week and then 140 mg 
bid

Kava n = 5
Venlaf. XR 
225 mg qd 
n = 6
Placebo n = 5

4, DB, 8 weeks
HAM-A 
primary

GAD ICD-10
HAM-A ≥ 19

Ethanolic (Li 150), 120 mg 
qd

Kava n = 43
Opipramol 
50 mg bid 
n = 43
Buspirone 5 mg 
bid n = 43

5, DB, 4 weeks
Anxiety status 
inventory 
primary

DSM 3-R; 300.02, 22, 23, 
24, 29
HAM-A ≥ 18

Acetonic (WS1490) 35 mg 
tid

Kava n = 71
Placebo n = 70

6, DB, 4 weeks
Sleep question. 
Sf-B primary

DSM 3-R; 300.02, 22, 23, 
24, 29
HAM-A > 15

Acetonic (WS1490), 
140 mg qd (evening)

Kava n = 34
Placebo n = 23

7, DB, 6 weeks,
HAM-A 
primary

DSM 4 GAD
No cut-off score

Aqueous, 60 mg bid Kava n = 27
Placebo n = 31

8, DB, 
cross-over, 
single-dose
State trait 
anxiety 
inventory 
primary

DSM 4 GAD
HAM-A 14–25

Aqueous, 180 mg once Kava
Oxazepam 
30 mg once
Placebo once
22 each 
treatment

9, DB, 
cross-over, 
1 week
HAM-A 
primary

Anxious subjects
Beck anxiety inventory 
score > 10

Aqueous, 
100 + 100 + 50 mg/day

Kava
Placebo
37 both 
treatments

10, DB, 
6 weeks
HAM-A 
primary

Anxiety, agitation and 
tension, nonpsychotic; no 
cut-off score

Not specified, WS1490
70 mg to 100 mg tid

Kava n = 57
Oxazepam 
5 mg tid n = 59
Bromazep. 
3 mg tid n = 56

(continued)
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symptom scores and trial duration) resulting in high uncertainty about the existence 
of an effect (but also nonexistence of a mild effect) and pointing out also that the 
trial with active comparators (No 4  in Table 22.3) lacked assay sensitivity, while 
active controls were likely sub-dosed. Joint analysis of three small trials in DSM 4 
GAD patients (trials 1–3 in Table 22.3) (same investigators) indicated no difference 
between Kava and placebo in terms of HAM-A reduction over 4–8 weeks and pro-
portion of responders (numerically higher with placebo: 14/30, 47% vs. 9/28, 32%) 
[64]. One recent meta-analysis [60] included three RCTs of Kava vs. placebo in 
exclusively GAD patients (trials 1, 7, and 9, period 1, in Table 22.3) to conclude 
“promising evidence…suggesting Kava….to be an effective treatment in GAD.” 
This conclusion was based on a total of 63 patients on Kava and 67 on placebo over 
1–6 weeks of treatment, with standardized mean difference in HAM-A reduction of 
0.59 (95%CI −0.57 to 1.75) (tends to favor Kava), with τ2 = 0.93 and I2 = 89% 
[60] – an apparently nonconservative interpretation of data.

Safety In all trials and observational studies [62], Kava extracts were well tolerated 
with no indication of withdrawal difficulties or any relevant adverse effects [62]. 
The hepatotoxicity signal, however, is real and should not be neglected [65]. Some 
observations suggest that the risk might be associated with products based on 
organic solvents, doses, and duration of use that by far exceed those seen in studies 
related to anxiety or also with individual subject characteristics [61, 62, 65].

Conclusion The issue of the risk of serious liver damage associated with Kava 
products needs to be resolved by mechanistic and epidemiological studies. 

Table 22.3 (continued)

Trial No, design Indication Extract, kavalactones dose Treatments
11, DB, 
5 weeks
HAM-A 
primary

DSM 3-R; 300.02, 22, 23, 
24, 29
Previously on BZD

Not specified, WS1490
70 mg tid

Kava n = 20
Placebo n = 20

12, DB, 
25 weeks
HAM-A 
primary

DSM 3-R; 300.02, 22, 23, 
24, 29
HAM-A ≥ 19

Not specified, WS1490
70 mg tid

Kava n = 52
Placebo n = 48

13, DB, 
4 weeks
HAM-A 
primary

Anxiety of nonmental 
origin HAM-A ≥ 19

Not specified, WS1490
70 mg tid

Kava n = 29
Placebo n = 29

14, DB, 
4-weeks
HAM-A 
primary

DSM 3-R; 300.02, 22, 23, 
24, 29; HAM-A ≥ 19

Not specified, WS1490
70 mg tid

Kava n = 25
Placebo n = 25

DB double blind, GAD generalized anxiety disorder, HAM-A Hamilton Anxiety rating scale
bid twice daily, tid three times a day, qd once daily

V. Trkulja and H. Barić



431

Evaluation of efficacy is perplexed by heterogeneity of products, doses, dosing regi-
ments, patient characteristics, and trial durations. A biological rationale exists, but 
the currently existing RCTs should be viewed as a (cumulative) proof-of-concept 
material suggesting (albeit with some uncertainty) that Kava Kava extracts (as a 
therapeutic principle, not a specific product) might have a mild-moderate effect in 
terms of reducing the level of anxiety in the initial short-term treatment in patients 
with anxiety disorders. A judgment on utility of this “therapeutic principle” in treat-
ment of anxiety disorders is impossible – since no data of this kind exists. In 2015, 
a protocol of a two-site (in Australia) double-blind placebo-controlled 16-week 
RCT was published [66]: it was to include non-treated DSM 5 GAD patients 
(HAM-A ≥ 18), randomized to 2 × 120 mg/day of kavalactones (tableted aqueous 
dry extract of a high-quality noble Borogu cultivar) (n = 105) or placebo (n = 105). 
According to the trial site (https://clinicaltrials.gov/ct2/show/NCT02219880, 
accessed January 29, 2019), recruitment has been completed (total N = 178), but no 
results are yet available.

 Other Herbal Products

Systematic reviews published over the past 10 years (e.g., [32, 33, 51, 58, 59, 67–
70]) have identified a range of herbal preparations evaluated mostly in one or two 
RCTs in anxiety disorders. Some of the addressed medicinal plants [e.g., passion 
flower (Passiflora incarnata L., herba), Valerian (essential oil, Valeriana officinalis 
L., aetheroleum; or root, Valeriana officinalis L., radix), Hawthorn leaf and flower 
(Crataegus spp., folium cum flore), and California poppy (Eschscholzia californica 
Cham., herba)] have community herbal monographs justifying traditional use for 
“relief of mild symptoms of mental stress” and/or “to aid sleep” within the EU. Data 
addressed here were identified in the mentioned systematic reviews.

Crataegus + Eschscholzia In one 12-week multicentric low risk of bias (assessed 
previously, 26) RCT in DSM 3 R GAD patients, 2×2 tablets a day of 75  mg 
Crataegus extract+20  mg of Eschscholzia extract+75  mg elemental magnesium 
(n = 130) resulted in a significantly greater HAM-A reduction (difference = −1.7; 
95%CI −1.8 to −1.6) and greater proportion of responders (RR  =  1.41; 95%CI 
1.04–1.93) than placebo (n = 134). One additional similar trial would be needed to 
confirm ability of this product to reduce anxiety in initial short-term treatment of 
GAD.

Table 22.4 summarizes body of evidence on several other herbal preparations 
classified, based on criteria in Table 22.1 (size, duration, bias, design issues, preci-
sion), as those for which data could be considered as an “early proof-of-concept” 
justifying further research (chamomile, Ginkgo biloba, and a specific mix of herbal 
extracts), those for which data are inconclusive (do not demonstrate but do not 
exclude a possible effect) (Passiflora, Galphimia, Echium amoenum, cannabidiol, 
and a specific Chinese herbal mix), and those for which data strongly suggest no 
effect (St. John’s Wort extract, a specific Korean herbal mix).
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Table 22.4 Summarized body of evidence regarding different herbal preparations in anxiety dis-
orders with evaluation based on criteria and rationale depicted in Table 22.1

Preparation Indication

Body of data 
(key trial 
properties) Outcomes

Limitations 
(evaluated in)

Indicative of effect (early proof-of-concept) –justifies further research
Chamomile 
extract, tableted 
(Matricaria 
recutita) 
(apigenin) (see 
[51])

DSM 4 
GAD

1 DB 8-week 
vs. PBO initial 
treatment, 
5 × 2.6 mg/day 
(total N = 57)
1 DB 25-week 
vs. PBO 
maintenance, 
3 × 6 mg/day 
(total N = 93)

Numerically greater 
HAM-A reduction 
and response rate vs. 
PBO
Numerically lower 
risk of relapse vs. 
PBO

Low risk of bias 
all items, but 
small, with 
imprecise 
estimates [51]

Ginkgo biloba 
leaves extract, 
tableted 
(22–27% 
ginkgolides, 
5–7% bilobalide) 
[71]

DSM-III-R 
GAD or 
309.24

1 DB 4-week 
vs. PBO, n = 37, 
30 GAD
3 × 80 mg/day 
n = 36, 25 GAD
3 × 160 mg/day 
n = 34, 27 GAD

Significantly greater 
HAM-A reduction 
overall, in GAD and 
in 309.24 subset

Low risk of bias 
all items, but 
short, small with 
relatively 
imprecise 
estimates (this 
chapter)

Tableted extract 
mix: Passiflora 
incarnata, 
Valeriana 
officinalis, 
Crataegus 
oxycanta, 
Ballota foetida, 
Paullinia cupana 
and Cola nitida 
[72]

DSM-III-R 
309.24

1 DB 4-week 
vs. PBO, n = 91
3 × 140 mg/day, 
n = 91

Significantly greater 
HAM-A reduction, 
response rate 
(HAM-A < 14) and 
remission 
(HAM-A < 10)

Selection and 
detection bias 
likely 
(randomization? 
Recruitment and 
scoring by general 
practitioners), 
short (this chapter)

Inconclusive – Do not demonstrate but also do not unambiguously exclude a possible effect
Passiflora 
incarnata, two 
extracts, in Iran 
(see [51]) and 
Japan (see [67]), 
dose not clear

DSM 4 
GAD or 
“anxiety”

1 DB 4-week 
vs. oxazepam 
(N = 36)
1 DB 4-week 
vs. mexazolam 
(N = 150) (both 
1:1 
randomization)

HAM-A reduction 
like oxazepam
“Improvement” like 
with mexazolam

Both low risk of 
bias [51, 67], but 
no assay 
sensitivity, short, 
rather imprecise 
estimates

Valeriana 
officinalis 
extract, tableted 
(valepotriates) 
(see [51, 68])

DSM-III-R 
GAD

1 DB 4-week 
vs. PBO n = 12
3 × 50 mg/day 
valepotriates 
n = 12
3 × 2.5 mg/day 
diazepam n = 12

Similar HAM-A 
reduction to placebo 
and diazepam

Low risk of bias 
[51, 68], but no 
assay sensitivity, 
small, short

(continued)
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Table 22.4 (continued)

Preparation Indication

Body of data 
(key trial 
properties) Outcomes

Limitations 
(evaluated in)

Galphimia 
glauca extract
(galphimin B) 
(see [51])

DSM 4 
GAD

1 DB 4-week 
2 × 350 μg/day 
n = 72 vs. 
lorazepam 
2 × 1 mg/day 
n = 80
1 DB 12-week 
2 × 350 μg/day 
n = 94 vs. 
lorazepam 
2 × 0.5–1 mg/
day n = 97

End-treatment 
HAM-A similar to 
lorazepam in both 
trials; pooled 
analysis [51] 
indicates no 
difference with or 
without baseline 
adjustment

Unclear selection 
and detection bias, 
huge attrition 
(around 40%) and 
reporting bias, no 
assay sensitivity 
[51]

Echium 
amoneum extract
(see [51]) with 
fluoxetine

DSM 4-TR
GAD

1 DB 8-week 
trial vs. PBO 
n = 18
3 × 750 mg/day 
extract n = 19

Lower HAM-A at 
the end with extract 
+fluoxetine vs. 
PBO + fluoxetine

Unclear detection, 
high reporting risk 
of bias; small, 
imprecise [51]

Chinese crude 
powder mix 14 
herbs with CBT 
(see [51])

DSM 4 
GAD

1 DB 24-week 
vs. paroxetine 
n = 104
2 × 10 g/day 
n = 93

Similar HAM-A 
scores and response 
rates CBT + mix vs. 
CBT + paroxetine

High risk 
performance bias 
and attrition, no 
assay sensitivity 
[51]

Cannabidiol oral 
[73]

DSM 4 
SAD

Single dose 
600 mg n = 12 
vs. PBO n = 12; 
evaluation over 
2 hours

Cannabidiol reduced 
anxiety, discomfort, 
during speech 
performance

Low risk of bias, 
but small, 
imprecise 
estimates, 
“surrogate” 
outcome (this 
chapter)

Strongly suggest no effect
St. John’s Wort 
(Hypericum 
perforatum) 
extract Li160 
[74]

Social 
phobia, 
generalized

1 DB 12-week 
vs. PBO n = 20
Flexible 2 × 300 
to 2 × 900 mg/
day n = 20

Numerically greater 
reduction in 
Liebowitz social 
anxiety scale with 
PBO

Low risk of bias 
all items (this 
chapter)

Gamisoyo-san – 
Korean mix of 
10 herbs, two 
types of 
extraction (see 
[51])

DSM 4 
GAD

1 DB 8-weeks 
vs. PBO n = 49
3 × 7.7 g/day 
type A n = 49
3 × 7.7 g/day 
type B n = 49

Closely similar 
HAM-A reduction 
and response rates 
with both treatments 
and PBO

Low risk of bias 
all items [51]

CBT cognitive behavioral therapy, DB double blind, GAD generalized anxiety disorder, HAM-A 
Hamilton Anxiety rating scale, PBO placebo, SAD social anxiety disorder
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 Nutrients/Nutraceuticals

Systematic reviews found no RCTs evaluating lysine or lysine-arginine [32, 33], 
N-acetylcysteine, tryptophan, folate, or dehydroepiandrosterone [31] supplementa-
tion in anxiety disorders. Two reviews [33, 75] identified two small (each N = 21) 
4-week treatment, 1-week wash-out double-blind cross-over RCTs of inositol (12 g/
day) including patients with DSM 3-R or DSM 4 panic disorder with or without 
agoraphobia [76, 77]: in the first trial comparison was vs. placebo and in the second 
trial vs. fluvoxamine (50–150 mg/day). The first one [76] reported greater reduction 
of the number of panic attacks vs. placebo; the second one [77] reported no differ-
ence vs. fluvoxamine. Both used inappropriate way of data analysis (number of 
attacks as a continuous variable, instead as Poisson event rates; analysis not account-
ing for period effect); the second trial lacked assay sensitivity. Data could be viewed 
as an early “proof-of-concept” (but with uncertainty).

 Manipulative and Body-Based Therapies

 Acupuncture

Data is methodologically extremely variable [78]. Recent systematic reviews identi-
fied 13 [79] and 6 RCTs [80] of various acupuncture procedures, none in patients 
diagnosed with anxiety disorders. One miniature (acupuncture n = 7, sham n = 6) 
4-week double-blind low risk of bias RCT in ICD-10 GAD patients (see 26) indi-
cated a possible anxiolytic effect. A recent 5-week RCT in children with GAD indi-
cated considerably greater HAM-A reduction in those treated with a specific 
acupuncture procedure (n = 10) than in the waiting-list controls (n = 10) [81]. This 
small single-center trial is burdened with risk of various biases inherent to waiting- 
list controlled trials (see Table  22.1). One non-randomized 6-week, open-label 
Chinese trial [82] indicated closely similar CGI score reduction with specific Jin-3- 
needling therapy, Western pharmacotherapy, and combined treatment in GAD 
patients (N = 86). Due to low quality and lack of assay sensitivity, the trial is unin-
formative. The “body of evidence” about acupuncture for anxiety disorders practi-
cally does not exist.

 Exercise

Several reviews addressed aerobic exercise for “psychiatric symptoms/disorders” 
(e.g., [83–86]) mixing RCTs in psychiatric patients (various diagnoses) and medi-
cally ill or healthy subjects, all recognizing clinical heterogeneity (indications, exer-
cise protocols, duration) and mostly high risk of bias in these trials. Two provided 
pooled estimates [83, 86] which, based on criteria of clinical heterogeneity, statisti-
cal heterogeneity and high risk of bias (Table 22.1) are uninformative. Nine RCTs 
identified in these reviews actually conducted in patients with anxiety disorders are 
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summarized in Table 22.5: (a) in addition to heterogeneity of exercise protocols, all 
trials were small resulting in imprecise estimates/(under)powered statistical tests; 
(b) in panic disorder, one trial [88] indicated a greater symptom improvement vs. 
pill placebo (but less than with clomipramine), while another, by the same group 
[90], with a 2x2 factorial design indicated similar changes with exercise (plus par-
oxetine or pill placebo) vs. relaxation (plus paroxetine or pill placebo) and was due 
to the choice of reference treatment actually inconclusive about exercise (non)
effect; (c) all other trials were inconclusive about exercise (non)effect due to risk of 
bias (performance, ascertainment, attrition) and/or lack of assay sensitivity (choice 
of control treatments). Overall, there is some indication (but with considerable 
uncertainty) that aerobic exercise as a concept might be anxiolytic in patients with 
anxiety disorders.

 Other Procedures

A Cochrane review in 2007 [96] found no controlled trials of therapeutic touch in 
patients with anxiety disorders. A more recent one [97] identified two small 4-week 
RCTs (total N  =  40) of repetitive transcranial magnetic stimulation (rTMS) vs. 
sham procedure in panic disorder patients indicating no differences in symptom 
reduction – trials do not indicate, but also do not exclude a possible rTMS effect. We 
previously [51] identified individual RCTs in GAD patients indicating (criteria in 
Table 22.1) an effect of a specific balneotherapy procedure (greater HAM-A reduc-
tion in an open-label 8-week trial vs. paroxetine 20 mg qd, N = 237) and a possible 
effect of Swedish massage, of a specific flotation in water protocol, and of Chinese 
bloodletting.

 Mind-Body Therapies

A very recent scoping review of systematic reviews of CAM [98] concluded “mod-
erate quality of evidence” (in the GRADE sense) supporting efficacy of CAM in 
anxiety: meditation, yoga, and mindfulness-based stress reduction (MBSR). 
However, different reviews included different CAMs under the same names, e.g., 
mediation, or included yoga, reiki, and similar interventions under “meditative ther-
apies” [99]. Moreover, very heterogeneous patients were included in these trials. We 
therefore reviewed a number of systematic reviews to identified data pertaining spe-
cifically to trials in patients with anxiety disorders.

 Yoga

Across reviews addressing yoga [99–103], only five RCTs were in patients diag-
nosed with anxiety disorders: (a) three small high risk of bias trials from India; one 
8-week vs. no treatment in “anxiety disorder” (N  =  45) indicating no difference 
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regarding symptom severity; and three 3–4-week trials vs. naturopathy (massage, 
acupressure, breathing), relaxation, or breathing and relaxation, respectively, in 
GAD, DSM 3 anxiety, or “psychoneurosis,” respectively (79 subjects total). One 
pooled estimate suggested lower anxiety scores with yoga (SMD −0.86; −1.56 to 
−0.15), but with I2 = 50% [103]. An appropriate estimate would include HKSJ cor-
rection for 95%CIs −2.39 to 0.67, t = −2.419, p = 0.137 (no effect); (b) one small 
Canadian high risk of bias 3-week trial vs. progressive relaxation in “snake anxiety” 
(N = 40), indicating no difference; and (c) one small Brazilian 8-week trial in DSM 
4 panic disorder vs. yoga + CBT indicating no difference. Based on criteria in 
Table 22.1, there is no relevant data on (non)effect of yoga in anxiety disorders.

 Morita Therapy

A Cochrane review [104] found four small Chinese high risk of bias 4–6-week 
RCTs: one in GAD (N = 31 men), one in “anxiety” (N = 86 women) (neither provid-
ing any numerical data), and two in social phobia, comparing Morita (n = 19 or 
n = 24) to pharmacological treatment (“unspecified” n = 20 or alprazolam n = 12, 
respectively). The pooled fixed-effect RR for “response” was reported  =  1.85, 
95%CI 1.27–2.69 favoring Morita. An appropriate estimate would be random- 
effects with HKSJ correction = 1.77, 95%CI 0.14–21.8, t = 2.892, p = 0.212 (no 
effect). Based on criteria in Table 22.1, there is no relevant data on (non)effect of 
Morita in anxiety disorders.

 Tai Chi, Baduanjin Mindfulness Exercise, Chinese Cognitive 
Psychotherapy, and Reiki

A recent review [105] identified one high risk of bias Chinese 6-week trial in elderly 
with CCMD 3 “anxiety” treated with paroxetine+Tai Chi (n = 16) vs. paroxetine 
(n = 16), indicating greater HAM-A reduction with combined treatment. Another 
review [106] identified one 12-week high risk of bias Chinese RCT in GAD of 
Baduanjin mindfulness exercise  +  pharmacological therapy vs. pharmacological 
therapy indicating greater improvement of symptoms. We previously [51] identified 
an open high risk of bias 24-week Chinese trial in CCMD 2-R GAD showing better 
symptoms scores with Chinese psychotherapy alone or combined with benzodiaz-
epines vs. benzodiazepines alone (total N  =  131). With limitations due to small 
samples and high risk of bias, data indicate “add-on” effect of these procedures to 
pharmacological treatment. A recent Cochrane review [107] identified no RCTs of 
reiki in anxiety disorders.

 Religious and Spiritual Interventions

Across two reviews [51, 108], two small high risk of bias 12-week RCTs in DSM 4 
GAD were identified comparing a multifaith spiritual intervention to CBT (total 
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N = 22) indicating no difference or to supportive psychotherapy (total N = 23) indi-
cating lower HAM-A scores and more responders at the end of treatment. With limi-
tations due to high risk of bias and small samples, data indicate possible anxiolytic 
effect.

 Relaxation

One review [109] identified only one 14-week RCT of applied relaxation (AR) in 
DSM 4 social phobia patients [110]. In this otherwise high-quality trial, comparison 
of relaxation (n  =  21) to wait-list controls (n  =  20) showing a markedly greater 
LSAS score reduction was partly compromised by the limitations inherent to wait- 
list controlled trials. In comparison to cognitive therapy (n  =  21), reduction of 
symptoms was significantly less with AR. Another review [111] included 16 RCTs 
of “good or acceptable quality” [111]: 9 with AR (in GAD or panic disorder) and 7 
with mindfulness-based stress reduction to conclude an overall “superiority of 
relaxation” in terms of high effect size (Hedges’ g = around 0.62) [111]. However 
(based on data from the review, 111): (a) five trials evaluated AR in GAD, one 
(N = 50) vs. wait-list showing no difference in symptoms after 12 weeks and four 
vs. CBT over 6–12 weeks (N = 172): random-effects g = 0.662, 95%CI (HKSJ cor-
rection) −0.1 to 1.42, t = 2.777, p = 0.069, I2 = 58% (no effect). Hence, data do not 
demonstrate (due to lack of assay sensitivity), but also do not exclude an effect of 
AR; (b) four trials evaluated AR in panic disorder; in one 12-week trial, symptom 
reduction was greater with AR (n = 16) than in wait-list controls (n = 16), similar as 
with imipramine (n = 16), but considerably less than with CBT (n = 16) [112]; in 
another 12-week trial, symptom reduction was similar for AR (n = 19) and CBT 
(n = 19); and in two 12-week trials (total N = 48) vs. progressive relaxation or cogni-
tive therapy, symptom reductions were in favor of AR, but not achieving statistical 
significance, g = 0.60, 95%CI −1.64 to 2.84 (with HKSJ correction). Therefore, 
there is indication about the effect of AR, but also quite some uncertainty.

 Mindfulness-Based Interventions (MBIs) and Meditation

A considerable number of conceptually and methodologically variable systematic 
reviews/meta-analyses have been published over the past 10 years addressing RCTs 
of MBIs and/or meditation for anxiety disorders/symptoms. One large review [113], 
for example, included trials with a “clinical diagnosis” [113] referring to 
mindfulness- based cognitive therapy (MBCT) or stress reduction (MBSR) and 
mantra-based programs (e.g., transcendental or mantra mediation), but excluded 
acceptance and commitment therapy (ACT), dialectical behavior therapy (DBT), 
relaxation, spiritual treatments, and trials with wait-list controls or “no treatment” 
controls, and considered all MBIs jointly and trials in all anxiety disorders and all 
treatment durations jointly. For MBIs vs. “nonspecific controls” (any non-EBM- 
based treatment), based on 8 trials with 647 patients, pooled estimate for anxiety 
symptom scores reduction was (95%CI) from 0% to 44% greater reduction with 
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MBIs (“moderate strength of evidence for improvement”); based on 11 RCTs with 
691 patients vs. “any EBM-based treatment,” the estimate was from 39% less to 8% 
more symptom reduction (tends to favor EBM-based treatment) [113]. For “man-
tra” (clinically standardized mantra meditation) (3 trials, 247 patients) vs. “nonspe-
cific controls,” the difference was “0,” and data vs. EBM treatments were too few 
(both judged as insufficient for conclusions about (non)effects without considerable 
uncertainty) [113]. Another recent large review [114] excluded ACT, DBT but also 
mantra, and electronically delivered treatments and included trials in patients with 
clinical diagnoses or with anxiety symptom scores above certain levels and with any 
type of non-MBI controls. All anxiety trials (diagnosis, scores, duration) and all 
MBIs were considered jointly [114]: (a) based on eight trials (472 patients) vs. no 
treatment, MBIs provided markedly greater symptom reduction (d = 0.89; 0.62 to 
1.17), but with much inconsistency (I2 = 81%); (b) based on five trials (374 patients) 
vs. non-EBM-based treatments, there appeared no difference (d = 0.15; −0.16 to 
0.46) and no inconsistency; (c) based on five trials (362 patients) vs. EBM-based 
treatments, difference tended to favor EBM (d = −0.18; −0.41 to 0.06) with mild 
inconsistency (I2 = 38%). Another review focused specifically on MBCT in patients 
with a clinical diagnosis and found only one small trial (N = 26) in social phobia 
indicating a better outcome with CBT vs. MBCT [115], while yet another focused 
on transcendental meditation [116] identified only one small trial (N = 31) in “anxi-
ety” finding no difference vs. muscle biofeedback or relaxation. A review focused 
on mindfulness and acceptance-based interventions for anxiety disorders [117] dis-
regarded randomization and analyzed pre-post differences, which we consider inap-
propriate. Three recent reviews [118–120] included (among others or exclusively) 
RCTs of mindfulness-based interventions in patients with clinical anxiety disorder 
diagnoses and enabled identification of RCTs by treatment, diagnosis, and compari-
sons, one [118] exclusively regarding electronically delivered MBIs (Internet, 
smartphones, recorded material) and two [119, 120] explicitly excluding such trials. 
All three reviews provided meta-analytical pooled estimates across a number of tri-
als with considerable clinical (and statistical) heterogeneity. Using these three 
reviews, we identified all individual included trials: Table 22.6 outlines their char-
acteristics sorted by the mode of delivery (electronic or “in person”). Overall, data 
suggest the following:

 (a) Major reviews/meta-analyses (across diagnoses and different treatment com-
parisons) [113, 114] support the view that, as a concept, MBIs may be useful in 
treatment of anxiety disorders.

 (b) There is, however, a reasonable level of uncertainty about this effect:
 (i) No-treatment control/wait-list control groups may have inflated the effect.
 (ii) There is some inconsistency in comparisons vs. “non-EBM-based treat-

ments” – an indication of moderate superiority [113] but also of no rele-
vant difference [114].

 (iii) A consistent indication of inferiority vs. “EBM-based” treatments, which 
is particularly burdened with uncertainty since the number of RCTs is 
small and estimates are imprecise.

V. Trkulja and H. Barić



441

Table 22.6 Summary of RCTs of mindfulness interventions (MBI) identified from systematic 
reviews/meta-analyses specifically in patients with clinical diagnoses of anxiety disorders. 
Depicted are diagnosis, duration, type of treatment, type of control, and effects (treatment-control 
differences, T-C) for symptoms at the end of treatment as reported for individual studies in respec-
tive meta-analyses [118–120], as Hedges’ g or standardized mean difference, SMD. “Pooled” 
estimates are generated for this chapter – where it seemed feasible to provide them based on clini-
cal homogeneity of studies (diagnoses, tested treatments, control treatments – depicted in bold 
letters)

RCT Dg Duration Treatment, n Control, n
T-C (95% 
CI) Interpretation

Trials in which intervention was delivered in an electronic format (Internet, smartphones, 
video material etc.)
1 GAD 9 weeks Mindful. 

Exercise, 52
Wait-list, 51 −1.21 

(−1.67, 
−0.75)

MBI better

2 GAD 8 weeks MBSR, 50 Wait-list, 50 −0.91 
(−1.32, 
−0.50)

MBI better

Pooled (standard DL) 102 101 −1.04 
(−1.35, 
−0.74)

MBI better

Pooled (HKSJ corrected) 102 101 −1.04 
(−2.90, 
0.81)

MBI tends to 
better

3 Anxiety 8 weeks Mindful. 
Exercise, 45

Discussion, 46 −0.76 
(−1.20, 
−0.32)

MBI better

4 Anxiety 10 weeks AFPP, 22 Emp. Listen. 
21

−0.04 
(−0.63, 
0.55)

No difference

5 SAD, PD 10 weeks ACT, 50 Wait-list, 51 −0.54 
(−0.94, 
−0.15)

ACT better

Trials in which intervention was delivered in person (group)
1 Anxiety 12 weeks MBSR, 45 CBT, 60 0.38 

(−0.09, 
0.86)

CBT tends to 
better

2 SAD 8 weeks MBSR, 26 CBT, 27 0.77 
(0.21, 
1.32)

CBT better

3 SAD 8 weeks MBCT, 14 CBT, 11 “CBT 
num. 
Better”a

CBT tends to 
better

4 GAD 8 weeks MBSR, 16 Wait-list, 15 −5.29 
(−6.87, 
−3.72)

MBSR better

(continued)
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 (c) In reality, the total number of individual RCTs is small with a limited number 
of patients, particularly when broken down by mode of delivery by disorder by 
type of intervention by type of the control (Table 22.6).

 (d) Not going into details about potential quality issues, data in Table 22.6 show 
that there are only five RCTs regarding “electronic delivery,” quite clinically 
heterogeneous (diagnoses, treatments, controls):
 (i) Only the two RCTs in GAD are similar enough as to justify a pooled esti-

mate. In both trials MBI was superior to wait-list, but the pooled estimate 
(with HKSJ correction) extends from benefit to no benefit (Table 22.6) leav-
ing still some uncertainty; the remaining three RCTs are too heterogeneous 
clinically and by results to justify data pooling.

 (e) There are eight “live” RCTs that are, actually, too heterogeneous clinically to 
justify pooled estimates (Table 22.6). Three comparisons vs. CBT (in “anxiety” 
and social anxiety disorder) suggest that MBI might be inferior to CBT 
(Table 22.6), two trials vs. wait-list suggest efficacy (GAD or combined differ-
ent disorders) (Table 22.6), while three trials vs. “other, non-EBM-based treat-
ments” do not (Table 22.6).

Overall, therefore, while there might not be uncertainty about whether the con-
cept generally “works” in anxiety disorder, there is quite some uncertainty about 
(non)existence and size of its effect in different anxiety disorders.

Table 22.6 (continued)

RCT Dg Duration Treatment, n Control, n
T-C (95% 
CI) Interpretation

5 PD, SAD 
GAD

8 weeks MBSR, 39 Wait-list, 37 −0.70 
(−1.17, 
−0.24)

MBSR better

6 GAD 8 weeks MBSR, 48 Education, 41 −0.37 
(−0.79, 
0.05)

MBSR tends 
better

7 SAD 16 weeks MBSR, 24 Exercise, 18 −0.25 
(−0.86, 
0.37)

No difference

8 Hypoh. 8 weeks MBCT, 36 Unrestricted 
services, 38

−0.34 
(−0.79, 
0.12)

MBCT tends 
better

ACT acceptance-commitment therapy, AFPP affect-focused psychodynamic psychotherapy, CBT 
cognitive behavioral therapy, Emp. listen. empathic listening, GAD generalized anxiety disorder, 
Hypoh. hypochondriasis, MBCT MB cognitive therapy, MBSR MB stress reduction, PD panic 
disorder, SAD social anxiety disorder
aThe trial provided no numerical data in a usual format but indicated numerically better outcomes 
with CBT
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 Alternative Medical Systems

 Ayurveda

One dedicated systematic review [121] identified five RCTs of a herb Ashwagandha 
(Withania somnifera), but none in patients diagnosed with anxiety disorders. We 
previously identified [51] one overall low risk of bias 11-week RCT in GAD 
(N  =  102) indicating no difference in HAM-A reduction or response to an oral 
Ayurvedic preparation Sarasvata choorna vs. placebo and one small (4 weeks, total 
N = 65) inconclusive (no assay sensitivity) trial of oral Manasamitra Vatakam vs. 
benzodiazepines in GAD patients.

 Homeopathy

We previously identified [51] one overall low risk of bias 10-week double-blind 
placebo-controlled trial of homeopathy in GAD showing no difference in HAM-A 
reduction or response rate. Two dedicated reviews [122, 123] found no further pub-
lished RCT of homeopathy in anxiety disorders.

 Conclusion

A broad range of CAM modalities have been investigated in RCTs in anxiety disor-
ders but to a considerably variable extent and with a considerable variability in trial 
quality and consistency of results. Some treatments considered as CAM (at this 
moment) do show a potential of possible utility in treatment of anxiety disorders, 
but so far none has been evaluated to the extent comparable to that of the main-
stream treatments. Considering that the only reasonable “classification” of treat-
ments is to those supported by evidence and those that (at the moment) are not, no 
lesser criteria should be in place for CAM than for mainstream treatments. There is 
a need for methodologically clear-cut and stringent larger clinical trials  – meta- 
analytical estimates based on numerous small, heterogeneous trials are not likely to 
resolve the issue, and the currently existing meta-analytical estimates in some cases 
appear to be overtly nonconservative.
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Psychodynamic theory is founded on the idea that human behavior is influenced by 
forces and experiences that lie outside of conscious awareness. Despite what we 
may or may not recognize about our lived experience, an essential connection exists 
between unconscious processes and everyday psychological functioning. By exten-
sion, psychodynamic theory presumes that unconscious conflicts are pathogno-
monic of anxiety disorders and anxiety symptoms generally. The term 
“psychodynamic” refers not only to that which occurs within one’s mind but also 
what happens between people and within families, groups, and systems. A compre-
hensive psychodynamic treatment of anxiety attempts to take into account these 
multiple domains of experience and functioning (including biological and genetic 
considerations) and applies a specific therapeutic approach to working with patients 
based in part on clinical techniques first developed by Sigmund Freud more than 
100 years ago.

In his earliest theory of anxiety, Freud (1895) considered it to be the result of a 
buildup of libido that, due to repression, is not discharged. He later reformulated his 
understanding based on his development of a structural model of psychic function-
ing. In this “signal theory,” anxiety is regarded as a safeguard to protect the ego’s 
functioning from threatening impulses generated internally by the id. Anxiety sig-
nals the press of a threatening (often sexual or aggressive) impulse, which in turn 
activates the ego’s defense mechanisms in the service of rendering it unconscious 
through repression. Freud also argued that repression can be accomplished by the 
process of distortion, in which the dangerous impulse becomes disguised or trans-
formed into a more readily acceptable idea, neutralizing the threat.

Whereas in the earlier theory Freud believed anxiety to be the result of repression 
itself, in the later theory, anxiety was thought to be the result of a conflict between 
id and superego, or internal, unacceptable wish and the standards and morals 
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imputed onto the individual by society and his or her environment. In this structure, 
the ego (or self) is placed precariously between conflicting messages to both satisfy 
an internal urge (generated by the id) and also act in accordance with external 
expectations (represented psychically by the super ego). This theoretical position is 
easily understandable when we consider the many instances in which a wish or 
longing can be at odds with environmental conditions that discourage one from 
actualizing it. The well-known phrase “forbidden love” may come to mind. In fact, 
Freud believed anxiety to be so ubiquitous that he suggested it was an essential 
precondition for membership into civilized society.

Freud also outlined a framework of psychosexual development, each stage of 
which is linked to anxiety about a particular developmental conflict. Anxiety at the 
most mature level related to guilt feelings and fear of retribution from the father in 
the Oedipal phase, which Freud categorized under superego anxiety. Other sources 
of anxiety, from more to less mature, included castration anxiety, fear of loss of 
love, and fear of loss of the object itself (separation anxiety). Subsequent psycho-
analytic thinkers elaborated on Freud’s theory by postulating even earlier forms 
including persecutory anxiety and disintegration anxiety, frequently found in the 
psychoses. Despite the hierarchical organization of these developmental types  
clinical experience suggests that patients are susceptible to experiencing many  
different kinds of anxiety, and at times several kinds at once, depending on the 
nature of the disturbance and factors affecting the patient intrapsychically and  
interpersonally [19].

The model of psychological functioning postulated by Freud was essentially 
intrapsychic, giving primacy to the mind’s functioning in relation to itself. Successive 
generations of psychoanalytic and psychodynamic thinkers have increasingly rec-
ognized the role of interpersonal, relational, familial, and group experiences in the 
development of psychological symptoms. Developments in attachment theory and 
infant research have broadened an interest in the role of early relational patterns 
with caregivers in clinical work with both children and adults [13, 15]. As such, 
postmodern influences have inspired clinicians to consider the role of intersubjec-
tivity and the reciprocal influence of the personhood of the patient and therapist in 
the clinical encounter, including transference-countertransference dynamics. What 
has evolved over time is a heterogenous group of theories and approaches to treat-
ment with historical roots in Freudian analysis. Given the breadth and diversity in 
the field, this chapter will focus primarily on recent psychodynamic approaches to 
anxiety that have empirical support and can be feasibly delivered within the context 
of the current managed care landscape and in community settings. We have also 
chosen this focus in order to highlight pragmatic approaches to common clinical 
presentations, in line with emerging trends in the psychotherapy literature regarding 
transdiagnostic conceptualizations and treatments of anxiety. These approaches 
require minimal advanced training and can be employed by both seasoned clinicians 
and therapists in training, making them widely disseminable. Although we do not 
cover long-term psychodynamic therapy or psychoanalysis proper (for which 
empirical evidence also exists), those approaches have their own merit and provide 
the foundation from which current approaches have been developed.
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 Clinical Vignette

Mr. X, a 30-year-old man with a history of anxiety and depression and previous 
diagnosis of generalized anxiety disorder, presented to treatment with a psychody-
namic therapist in the context of becoming engaged to his girlfriend of several 
years. Whereas his anxiety had previously been effectively managed with once- 
weekly supportive psychotherapy and an SSRI, he found that he was having more 
and more difficulty managing his anxiety symptoms, which were beginning to inter-
fere at work and in his relationship with his fiancé. He had also begun to rely on 
alcohol more heavily than in the past in order to quell his worry and help him sleep.

In initial therapy sessions, Mr. X wondered whether he should resume use of an 
antidepressant or try a benzodiazepine, out of concern that his struggles would 
derail his engagement and jeopardize his wedding. Instead, the therapist suggested 
he bring his anxiety into treatment, so that they may understand why it had emerged 
with such force at this time. In order to accomplish this task, the therapist suggested 
he verbalize his thoughts and feelings freely as they arose in sessions, with particu-
lar attention paid to the memories, fantasies, fears, and wishes that appeared along-
side his symptoms. In response, the therapist would listen for and comment on any 
unarticulated connections between these experiences, in an effort to help find mean-
ing in Mr. X’s symptoms.

Although Mr. X had some insight into why he was anxious, he could not account 
for why his worries had become so debilitating. He loved his fiancé and was excited 
to spend his life with her, making the issue confusing. As initial sessions unfolded, 
he spoke about the sense of duty he felt toward giving her exactly the kind of wed-
ding she wanted and also his worry about something going wrong on the big day. 
The therapist noticed that as Mr. X talked about his sense of duty to provide “the 
perfect wedding,” he displayed noticeable contempt and anger. The therapist shared 
this impression with Mr. X, who quickly retorted, “Well she can be quiet demanding. 
In fact it’s downright infuriating!” In subsequent sessions, Mr. X spoke about his 
experience of feeling pressured by his fiancé to live up to impossible expectations, 
but unable to speak about his anger.

As Mr. X developed a capacity to speak about the range of feelings he had toward 
his fiancé, his anxiety about the wedding itself began to diminish. However, he still 
struggled to share his anger with his fiancé and remained anxious about the damag-
ing effect he imagined his negative emotions would have on their relationship. As he 
associated to his experiences, Mr. X reflected on his memory of his parent’s mar-
riage when he was a child. He shared that his mother appeared to him heavily 
dependent on his father for attention and care. His father, however, was avoidant 
and unavailable, and his mother was loath to make her desires known to him, 
becoming instead conspicuously withdrawn and sullen. This dynamic led to a tense 
home where feelings often went unspoken. Mr. X often found himself attempting to 
cheer his mother up, inventing various ways to please her and later stewing angrily 
at the amount of time he felt obligated to care for her.

These memories led to further elaborations and a more thorough understanding 
of Mr. X’s anxiety. In his relationship to his fiancé, he found himself in a similar posi-
tion to his mother: wanting care and connection but uncertain about how to make his 
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desires known, as he expected them to be painfully rejected. He also found himself 
repeating aspects of his own childhood relationship with his mother, as he attempted 
to accommodate his fiancé’s needs and give her exactly what he thought she wanted 
while feeling frustrated and angered by the effort he put into pleasing her.

This dynamic appeared to be repeated within the therapeutic relationship, par-
ticularly in moments when Mr. X seemed eager to please his therapist by offering 
“exciting” or “interesting” associations, and then seeming sullen and irritated 
when his emotional intensity wasn’t matched. Over time and with his therapist’s 
supportive encouragement, Mr. X began to speak more freely about the way he 
longed for his therapist’s care and how he was reluctant to disclose these feelings 
out of a fear of being met with rejection or lack of interest. The recreation of these 
dynamics in the therapeutic relationship provided Mr. X’s therapist with an 
experience- near understanding of his patient’s position within his childhood family. 
In turn they became able to work through a problematic relational paradigm in the 
here-and-now while experimenting with new ways of being in a close relationship 
that included risking and sharing his desires and feelings. This therapeutic process 
gradually allowed Mr. X to be more aware of the immediate and historical context 
for his anxiety and equip himself with a more flexible and adaptive manner of man-
aging his anxiety with his wife-to-be.

 Evidence Base for Psychodynamic Treatment of Anxiety

Historically, the research literature has appeared to suggest psychodynamic therapy 
(PDT) to be less effective than cognitive behavioral therapy (CBT) and other thera-
pies for multiple classes of disorders, including anxiety disorders. At the same time, 
a compelling body of evidence supports the notion that all bone fide therapies – that 
is, treatments consisting of active therapeutic elements derived from a coherent 
theory of psychopathology – are uniformly effective [41]. Based on substantial evi-
dence on the importance of therapist and patient factors on outcome [2, 7, 24], the 
recommendations set forth by APA’s Presidential Task Force on Evidence-Based 
Practice [1] support the notion that an effective approach rests not only on specific 
techniques but also on a variety of factors known to have a positive impact on all 
therapies, most notably the therapeutic alliance. Today the best evidence suggests 
that PDT therapists practicing in a flexible, responsive manner to patient needs as 
they arise in treatment – and not simply in fidelity to rigid, historical, theoretical 
understandings – have the best chance of effecting positive change in their patients.

Unlike CBT, PDT practitioners have typically eschewed disorder-specific treat-
ments in favor of a more universal, or “generic,” approach. Rather than develop 
individualized treatment manuals for particular manifestations of psychological dis-
tress, a PDT framework remains more or less consistent and applies a similar set of 
techniques across a wide range of disorders. This predilection is one reason why in 
the past PDT has appeared not to fare particularly well in comparison with other 
treatments for anxiety and other disorders. Randomized control trials (RCTs) exam-
ining the efficacy of PDT for specific mental disorders in relation to other therapies 
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often use different, poorly operationalized, conceptions and methods of PDT inter-
changeably, leading many PDT treatments to be deemed only “possibly efficacious” 
when judged by the criteria of empirically supported treatments (ESTs) [25].

In terms of comparison trials, although PDT has been shown to be less effica-
cious than CBT in studies in which a disorder-specific cognitive behavioral manual 
was used [12], two recent and well-conducted meta-analyses challenge the notion 
that PDT is inferior. The first examined the controlled effects of PDT for anxiety 
disorders among 14 RCTs [21] and found PDT to be significantly more effective 
than control conditions. (The authors reported an effect size of g = 0.64, with g 
representing a more conservative estimate of effect size for small samples than 
Cohen’s d.). These results were detected among primary and secondary outcome 
measures, and they were maintained at follow-up at 1 year (g = −0.11) and after a 
year (g = −0.26). The second examined 39 RCTs across a range of disorders [28] 
and found PDT to be efficacious for social anxiety disorder (SAD) and possibly 
efficacious for generalized anxiety disorder (GAD). Further, the combination of 
PDT with psychopharmacology was also deemed efficacious for panic disorder 
(PD) and SAD. Importantly, this meta-analysis included both manual-guided psy-
chodynamic treatments, as well as short-term, long-term, and group formats of 
PDT, all of which included clear descriptions of the theoretical background and 
technical recommendations such as indications, interventions, and timing.

Additionally, a recent Cochrane network meta-analysis [37] compared the effi-
cacy of eight different forms of psychotherapy for panic disorder. Despite the gener-
ally low quality of evidence for outcomes evidenced across the entire network, and 
inclusion of only two studies examining PDT for panic disorder, PDT demonstrated 
higher tolerability among short-term treatments than CBT (odds ratio [OR] 0.52, 
95% confidence interval [CI] 0.15–1.8) and comparably high rates of remission at 
6 month follow-up. The authors concluded that although PDT appears to be the best 
tolerated of the psychotherapies, further research needs to be conducted in order to 
bolster the evidence and better explore the relative efficacy of PDT and CBT.

Naturalistic and quasi-experimental studies have also provided evidence for the 
benefits of PDT for anxiety disorders, with some mixed results. The reader is 
directed to Slavin-Mulford and Hilsenroth [38] for a thorough review of this research 
literature. Overall, PDT has been shown to have marginally smaller effects com-
pared to cognitive, behavioral, and CBT treatments, although many of the studies 
comparing these modalities found large effects for both treatments (e.g., [23, 27]). 
PDT studies have consistently demonstrated large effects, and following PDT 
patients meet criteria for anxiety diagnoses at a reduced rate, have fewer symptoms 
of anxiety and co-occurring depression, and report lower levels of global distress 
[11, 32, 39]. In an updated review of outcome studies and meta-analyses of effec-
tiveness studies of PDT for a range of major mental disorders, Fonagy [14] con-
cluded that treatment approaches generated from PDT principles appeared to benefit 
patients presenting with symptoms related to SAD, GAD, and PD.

Taken together, PDT appears to be no better or worse than other active treatments 
for anxiety disorders, based on results at both the conclusion of treatment and at 
follow-up. Despite this evidence, the few studies examining specific mechanisms of 
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change in PDT have not yielded consistent results [8, 10, 40]. This inconsistency 
has led researchers to call for future trials of PDT for both specific anxiety disorders 
and examining the anxiety spectrum as a whole [38], as well as examining processes 
of change common among effective therapies and specific to PDTs [21].

A brief word should be said about how PDT appears to fare in comparison to 
psychopharmacological interventions for anxiety. Based on their review of the few 
existing studies comparing PDT to medication, Slavin-Mulford and Hilsenroth [38] 
assert PDT to be as efficacious as pharmacological interventions, and cite evidence 
that it may in fact enhance the effects of medication trials [42]. Impressively, they 
point to one well-designed study that showed PDT to be more efficacious for anx-
ious patients with co-occurring personality pathology, based on primary anxiety 
outcome measures and improvements in social and occupational functioning [14]. 
A psychodynamic view of prescribing suggests that attending to the meaning of 
medications, and what they represent for both the patient and the prescriber, is an 
important aspect of the therapeutic engagement that has direct implications for the 
success of the intervention. More on this topic can be found elsewhere [33, 36].

 Existing Psychodynamic Approaches to Anxiety

Psychodynamic theorists beginning with Freud have discussed unconscious con-
flicts and their defenses in relation to a wide range of anxiety disorders, but as 
mentioned, few manual-guided treatments exist. Two examples illustrate how PDT 
conceptualizes the etiology, maintenance, and treatment approach of anxiety symp-
toms. Panic-focused psychodynamic psychotherapy (PFPP; [9]) posits that panic 
attacks arise from unconscious conflicts related to dependency, attachment, and 
feelings of anger. In this conceptualization, panic potentially serves as a disguised 
means of expressing a need for care, an aggressive and coercive attempt to attract 
the attention of caregivers, or a form of self-punishment brought on by guilt around 
dependency strivings. Treatment consists of exploring and understanding the emo-
tional significance of panic, delineating its meaning in relation to previous difficul-
ties with caregivers, and working through these conflicts by recognizing how panic 
emerges across multiple, related settings. Leichsenring et al. [26] developed an inte-
grative treatment for SAD that directs therapists to explore the affective aspects of 
shame and the unrealistic demands socially phobic patients make on themselves to 
perform in social situations. These techniques are utilized in combination with self- 
guided symptom exposure in the middle phase of treatment. Exposure is framed 
psychodynamically by explicitly relating it back to the therapeutic relationship and 
to underlying, repetitively experienced, relational themes.

More commonly, therapists practicing contemporary forms of PDT in clinical 
settings employ a collection of techniques from within a larger, and not always con-
sistent, theoretical umbrella. Although there exists no definitive technical definition 
of PDT, Blagys and Hilsenroth [5] identified several key features of short-term psy-
chodynamic psychotherapy (STPP), most notably (a) a focus on affect and the 
expression of emotion and (b) the identification of patterns in actions, thoughts, 
feelings, experiences, and relationships. These patterns are usefully conceptualized 
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and explored using the Core Conflictual Relationship Theme (CCRT) format, as 
developed by Luborsky [29]. The CCRT focuses on what a patient wants from rela-
tionships (the wish; W), the response he/she expects from others (response from 
other; RO), and the patient’s subsequent affective and behavioral response (response 
of self; RS). With regard to anxiety symptoms, the CCRT provides a cogent method 
to draw out the relational struggles that cause distress, and à la Freud, the affective 
and intrapsychic conflicts that can result and produce symptoms of anxiety.

Another universally applicable PDT concept that is fruitfully applied to anxiety 
symptoms is Luborsky’s [29] model of supportive-expressive (SE) therapy. This 
model represents a continuum of interventions thought to work synergistically in 
order to bring about symptomatic improvement, and can be variously employed 
based on a variety of patient factors. Expressive interventions, such as transference 
and defense interpretation, are intended to promote insight and self-understanding, 
which can help the patient tolerate the uncomfortable affects and fantasies that 
mobilize problematic defenses and produce anxiety. Conversely, supportive tech-
niques are used to help enhance patient’s adaptive capacities and most importantly 
can foster to the development of a secure therapeutic alliance. Enlisting the patient’s 
collaboration in becoming curious about the meaning and developmental origin of 
his or her anxiety rests on the therapist’s capacity to build of a “holding” environ-
ment, so that difficult affective and relational experiences can be faced and explored 
collaboratively. Given the aversive nature of anxiety, many people are initially more 
motivated to extinguish the experience (often through avoidance) rather that tolerate 
its presence, which is often required along the pathway to understanding and 
meaning- making. Luborsky [29] and Crits-Christoph et al. [11] developed a number 
of principles and therapeutic actions to foster the development of the alliance in 
PDT, including socializing the patient to the tasks of therapy. Luborsky [29] also 
usefully suggested that a greater number of supportive interventions may be needed 
for patients with greater psychopathology or when in times of crisis.

 Psychodynamic Techniques with Empirical Support

At present, few studies have examined the impact of specific techniques in psycho-
dynamic therapy for anxiety disorders. A recent study examining the use of inter-
pretations in PFPP [22] found that panic-focused interpretations improved panic 
symptoms in the middle phase of treatment (B  =  1.79 [95% CI: 0.61, 2.97], 
SE = 0.59, t = 3.04, p = 0.004, adjusted p = 0.016, sr = 0.37), while interpretations 
about conflicts that did not include a panic-focus did not (B = −0.47 [95 CI: −1.54, 
0.60], SE = 0.54, t [59] = −0.88, p = 0.382, adjusted p = 0.437, sr = −0.09). In light 
of these findings, the authors argued for the importance of taking a symptom-
focused approach in STPP for anxiety, although they could not confirm the presence 
of a causal relationship between the intensity of panic interpretations and symptom 
change. Within a naturalistic/effectiveness model of STPP for anxiety, Slavin-
Mulford et al. [39] conducted one of the first studies to examine treatment fidelity, 
credibility, and satisfaction in an outpatient community population. Examining the 
relationship between the use of specific psychodynamic interventions (PI) in the 
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third session and reduction in anxiety symptoms at posttreatment (r = .46, p = .04; 
[39]), the authors identified several individual PI techniques that were found to be 
meaningfully related to outcome. A follow-up study using the same sample of anxi-
ety disorder patients [34] found a significant relationship between psychodynamic 
technique and posttreatment change in anxiety symptoms at the ninth session 
(r = .49, p = .03) and at mean levels of psychodynamic technique across both third 
and ninth sessions (r = .53, p = .02). Based on these findings, the authors suggested 
that there is a positive relationship between techniques intended to increase under-
standing of cyclical relational-affective patterns early in treatment and subsequent 
improvement in anxiety symptoms.

A second follow-up study [35] extended this work by applying it to a transdiag-
nostic sample of patients, in order to clarify whether the same, or different, PI inter-
ventions would be found effective for patients with subclinical levels of anxiety as 
they were with patients suffering from severe anxiety disorders. Given the implica-
tions for emerging trends in the psychotherapy literature regarding transdiagnostic 
approaches to psychological problems, this study will be discussed below.

 Providing Alternate Understandings of Symptoms

In Luborsky’s supportive-expressive continuum, providing an alternative under-
standing of anxiety symptoms represents an expressive intervention aimed at deep-
ening patient’s exploration of his or her anxiety and gaining an appreciation for its 
meaning that may not be readily apparent. Another way to describe this intervention 
is “interpretation,” which throughout the history of PDT has been a cornerstone of 
its approach. By maintaining a consistent focus on deepening patients’ exploration 
of their internal experience and attending carefully to the treatment frame, therapists 
can learn to recognize the relational and emotional circumstances in which anxiety 
arises. Oftentimes, this may occur in moments of therapeutic rupture or even expect-
able separation, such as weekends or the therapist taking a vacation. Therapists can 
then use the knowledge gained through their own experience with the patient’s anxi-
ety in order to generalize to other relationships, including their earliest experiences 
with caregivers, thereby gaining a subjective appreciation for the etiology and func-
tion of these symptoms.

One example of how the CCRT is used in treatment for anxiety disorders can be 
found in Leichsenring et al.’s SE-based treatment manual for social phobia. In this 
protocol, the therapist is instructed to utilize the CCRT as a way to provide an alter-
native understanding of symptoms at the outset of therapy and as they recur through-
out the course of treatment. Based on a formulation by Gabbard [18], a CCRT for a 
patient with SAD may be described as wishing to be affirmed by others (W), expect-
ing that others will humiliate him or her (RO), and feeling ashamed and afraid of 
being together with others, therefore deciding to avoid exposing him- or herself (RS 
= symptoms of social phobia). During the termination phase, the CCRT can also be 
used to address the resurgence of phobic symptoms in anticipation of the loss of the 
therapist and the patient’s fear that the wish to be cared for and accepted will not be 
fulfilled.
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Recalling the clinical vignette presented in the beginning of this chapter, a CCRT 
for a patient with GAD might be articulated as follows:

You want others to take care of you (W), but you are afraid that they’ll fail you, either 
because they aren’t emotionally capable of being there or are preoccupied with something 
else, such as preparing for an important event like a wedding (RO). This leads you to with-
draw, to feel lonely and sad, and to worry a great deal about whether you are able to meet 
your obligations. You become angry or critical of others’ inadequacies and may even 
become critical of yourself (RS).

The process of outlining the CCRT aims to help the patient achieve insight into the 
underlying meaning of their anxiety symptoms and to begin to develop more adap-
tive means of coping with the preoccupying symptoms of worry and anxious 
distress.

 Focus on Affect and the Expression of Emotions

As described above, gaining a new understanding of anxiety symptoms as they 
relate to the patient’s self and relationships entails an affective component, namely, 
by identifying and exploring the warded off emotional experiences that the patient 
finds too painful or overwhelming to bear. The defensive function of worrying is an 
animating principle of Affect Phobia Therapy (APT; [31]), which views inhibitory 
emotional responses such as anxiety, guilt, and shame as obstructing the experience 
of painful but genuine emotions. Using the triangle of conflict and triangle of person 
models developed by Malan [30], APT helps patients develop new understandings 
of their symptoms in relation to present and past relational-affective events.

As previously described, Leichsenring et al.’s [26] manual-guided treatment for 
SAD incorporates self-guided symptom exposure in the middle of treatment. 
Although customarily exposure activities have been more associated with CBT than 
PDT [6], it has been suggested that exposure and exploration of uncomfortable feel-
ings are active in PDT, though the context is different from that provided in a tradi-
tional CB format. Helping the patient become aware and tolerant of their disavowed 
emotions in the here-and-now with the therapist has been conceptualized in terms of 
lowering experiential avoidance, which is thought to be a core process in the devel-
opment and maintenance of anxiety [20].

Thus, whereas Freud suggested that treatment of anxiety should consist of bring-
ing the threat into consciousness in order to help the patient understand that it no 
longer represents a present danger, current dynamic approaches emphasize the 
affective and relational aspects of symptoms with the intention of reducing related 
emotions such as shame, grief, rage, and humiliation. Emotional insight is achieved 
in part by the therapists’ making connections between past and current relational- 
affective events, including those that arise within the therapeutic relationship. The 
emphasis on developing more adaptive patterns of interpersonal relatedness is a 
feature of most contemporary, brief forms of PDT, while longer forms including 
psychoanalysis may require greater patient autonomy in learning from and applying 
insights gained in therapy to real-world experience.
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 Anxiety and Reflective Function

The ability to learn, make use of new insights, and improve relationships requires a 
range of cognitive, affective, and interpersonal reflective capacities. Fonagy et al. 
[17] have proposed the concept of mentalizing, operationally defined as reflective 
function, to describe the process by which an individual makes sense of behavior 
(their own and others’) as meaningfully predicated on underlying mental states such 
as thoughts, feelings, wishes, or intentions. This theory, grounded in psychody-
namic theory, attachment research, and cognitive-affective neuroscience, proposes 
that the capacity to mentalize is developed within the context of our earliest attach-
ment relationships. Given average, expectable conditions, the capacity to mentalize 
emerges over the course of development. Conversely, early childhood trauma or 
disruption in our attachment relationships may disrupt the development of the men-
talizing capacity, leaving one vulnerable to further difficulties later in life.

Regardless of one’s developmental trajectory and baseline ability to mentalize, 
the capacity is not static. Mentalizing theory asserts that activation of the attachment 
system derails the ability to reflect, leaving the individual to revert to mental opera-
tions that antedate the development of the mentalizing capacity [3]. Thus, the capac-
ity is fluid and inhibited by anxiety aroused in close interpersonal relationships. 
While interpersonal disruptions and subsequent attachment anxiety are more preva-
lent in some groups than others, individuals with Borderline Personality Disorder 
being a prime example, such ruptures are ubiquitous to the human experience [4].

Mentalization-informed approaches to treatment are uniquely interested in anxi-
ety aroused in interpersonal contexts. Because anxiety diminishes one’s capacity to 
flexibly reflect, learn, and develop new insights, it must be intentionally addressed 
in treatment to restore robust mentalizing and maximize the potential for therapeu-
tic gain. In mentalization-informed approaches, interventions made by the therapist 
are offered based on a careful assessment of the level of anxious arousal in the 
patient at a given moment. The more anxious the patient, the less likely they will be 
able to make use of interventions that would require robust mentalizing. For exam-
ple, a therapist may be misguided in offering an expressive, interpretive intervention 
in these moments. Instead, supportive interventions may restore mentalizing capaci-
ties by reestablishing an empathic working alliance (akin to a secure base in attach-
ment language), from which arousal might be diminished and the ability to achieve 
insight restored.

 Future Directions: Unified and Transdiagnostic Approaches 
to Anxiety Symptoms

There is currently a growing trend toward transdiagnostic treatments based on the 
still relatively unsatisfactory outcome and remission rates for PDT for anxiety dis-
orders. One promising example is the recently developed Unified Psychodynamic 
Protocol for Anxiety Disorders (UPP-ANXIETY) [25]. UPP-ANXIETY integrates 
empirically supported psychodynamic treatment mechanisms, including many of 
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those mentioned in this chapter, across a wide range of anxiety and related disor-
ders. In line with the unified, transdiagnostic approach, Pitman et al. [35] recently 
conducted the first study to systematically investigate whether anxiety symptoms 
respond to PDT techniques regardless of diagnosis, if the symptoms are at clinical 
or subclinical levels, or if they occurred in the presence of personality disorder 
pathology. The authors found significant decreases in anxiety symptoms across no 
anxiety disorder (p = 0.004) and total (anxiety disorder and no anxiety disorder) 
(p  =  0.0001) samples, with improvements representing small to medium effects 
(d = 0.48 and 0.56, respectively). Results also showed several PDT techniques to be 
meaningfully related to anxiety reduction at outcome for the total sample, including 
(1) a focus on exploration of uncomfortable feelings (r = 0.25, p = 0.03); (2) linking 
current feelings and perceptions to experiences of the past (r = 0.24, p = 0.04); (3) 
focusing attention on similarities among the patient’s relationships repeated over 
time, settings, or people (r = 0.24, p = 0.04); (4) identifying recurrent patterns in 
actions, feelings, or experiences (r = 0.26, p = 0.02); and (5) focusing on wishes, 
dreams, and early childhood memories (r = 0.25, p = 0.03). One technique, provid-
ing alternative understanding not previously recognized by the patient (i.e., inter-
pretation), was meaningfully related to outcome for both the total sample and 
sample with no anxiety disorder (anxiety disorder sample, r = 0.58, p = 0.01; sample 
with no anxiety disorder, r = 0.33, p = 0.02; total sample, r = 0.34, p = 0.003). The 
authors suggested that these findings indicate there may be several PDT interven-
tions that help with anxiety symptoms generally, and one intervention in particular 
that is helpful when anxiety is the specific focus of PDT.

Importantly, PDT techniques were found to be equally effective in reducing anx-
iety regardless of whether they presented with personality disorder pathology 
(b = 0.414, SE = 0.307, t = 1.349, p = 0.185). The fact that the PDT techniques 
identified as being effective for anxiety symptoms did not appear to be influenced or 
mitigated by Axis II diagnosis may provide further support for this type of broad, 
transdiagnostic, PDT approach. The authors suggested that practitioners utilizing 
PDT transdiagnostic protocols should feel confident in applying broad inclusion 
criteria when selecting eligible patients for this approach, provided that improve-
ment on a targeted disorder or symptom (e.g., anxiety) is the primary goal of 
treatment.

In line with the Presidential Task Force on Evidence-Based Practice (2006), we 
believe it is crucial to consider the role of patient variables in affecting treatment 
outcome. Although presence of Axis II diagnosis alone did not moderate the rela-
tionship between PDT technique use and anxiety symptom improvement, this linear 
relationship was not maintained when the authors examined the presence of Axis I 
and II diagnoses together (b = −0.548, SE = 0.254, t = −2.157, p = 0.037). These 
findings suggest that practitioners applying a PDT transdiagnostic protocol should 
be aware that patients with co-occurring Axis I and II disorders may require a some-
what different configuration of PDT techniques in order for their anxiety symptoms 
to improve, in line with the flexibility advocated by Luborsky [29] and akin to the 
approach outlined in the UPP-ANXIETY [25] protocol.
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 Concluding Remarks

Psychodynamic therapists are fundamentally interested in the meaning and context 
for anxiety, actively attempting to foster curiosity in the patient about what the anxi-
ety might signal. As such, anxiety might be thought of like the check engine light in 
a car. The light begs further investigation and careful assessment of the whole sys-
tem. Finding a way to turn the light off without understanding the underlying prob-
lems it signals would be a partial solution at best. Rather than finding a way to 
quickly shut off the light, psychodynamic therapists are curious about the unseen 
disruptions that led to the signal in the first place. From this perspective, anxiety 
emerges when conflict reaches a fever pitch, often outside conscious awareness, 
eluding a coherent narrative in which it can be contextualized. The simmering con-
flict and related thoughts, feelings, and wishes that aren’t expressed consciously 
then find their way to awareness in the form of anxious disturbance.

For therapists treating patients who report experiencing anxiety symptoms, cur-
rent evidence suggests one effective, specific, approach to employ, especially early 
in treatment: the therapist should attempt to help the patient establish an under-
standing of his or her anxiety symptoms linked to the intrapsychic and interpersonal 
context in which symptoms occur. This effort includes helping the patient make 
connections between his or her current feelings and perceptions to past experiences, 
as well as across different times, settings, and relationships. Within this framework, 
the therapist can clarify for the patient the recurrent ways in which he or she inter-
nally experiences the actions, feelings, and occurrences that exacerbate anxiety 
symptoms.

A psychodynamic therapist accomplishes this task by focusing on helping the 
patient understand what it is he or she hopes to get out of their important relation-
ships (i.e., the wish). From there, the therapist can help identify what the patient 
expects will be the response to that wish, and the characteristic way in which the 
patient in turn reacts to that perceived expectation. While these important clarifying 
issues should be ascertained early on, the therapist should continue to monitor these 
interpersonal patterns throughout the course of treatment, as they occur outside of 
therapy and also within the therapeutic relationship. In this manner, the therapist 
can help provide the patient with insight into the circumstances and processes that 
maintain his or her anxiety symptoms, give the space and perspective necessary to 
see how these patterns manifest in important relationships, and provide a safe and 
supportive environment in which to help the patient build up a tolerance for the dif-
ficult emotions that underlay the anxiety. Therapists at all levels of training and 
experience who utilize this model of treatment will likely find that providing this 
context for helping patients understand anxiety symptoms, and supportively engag-
ing in the patient’s relational world, is a beneficial and effective approach across 
many apparently different anxiety clinical presentations.
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24Well-Being Therapy in Anxiety Disorders

Fiammetta Cosci

 Introduction

Psychiatry and clinical psychology have been criticized for having had a strong 
“disease bias,” which is related to negativity bias [1]. Indeed, when something nega-
tive has more impact on thoughts, emotions, and social interactions than something 
positive of equal relevance, we have a negativity bias [1]. In this framework, it has 
been proposed to identify and understand as much as possible those negativity 
biases not to let them command scientific and clinical activities [1]. As it has been 
pointed out [2], in the majority of treatments proposed for the most common psychi-
atric disorders, great attention has been devoted to stress and its consequences, and 
this has triggered an automatic and inexorable reinforcement of negative aspects of 
life.

One possible explanation of a so great attention of researcher on a negative way 
of seeing the world can be methodological. Indeed, humans and animals are more 
similar in their response to exposure to negative events than in their response to 
exposure to positive events [1], while the processing of reward shows important 
interindividual and interspecies differences as well as the predilections for positive 
things change considerably during the life-span [1]. Thus, since positive things are 
mutable, it is not easy to find an adequate method to assess predilections for them. 
In this vein, assessment and experimental methods allowing the comparisons within 
individuals, between individuals, and across species are more easily applied to 
research which study the stress system rather than to research which study the 
reward system.

It is also evident from the literature that the short-term negative events have more 
power in the capacity to development of a sense of meaning than the short-term 
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positive aspects of life. This is extremely important, being the production of mean-
ing a relevant part of clinical and scientific activity [1].

In everyday life we can observe the greater strength of negative events if com-
pared to good events; some examples are major life events, such as trauma, but also 
events which might occur in the framework of close relationships, social network 
interactions, and interpersonal relationships, and also in learning processes. 
Experimental studies confirmed that negative events activate the meaning system 
more effectively than positive events [3].

In everyday life, negative events have stronger and more lasting consequences 
than positive events, although they present comparable relevance. Intimate relation-
ships are more deeply troubled by destructive actions than by constructive ones, by 
conflict than by accord, and by negative communication than by positive communi-
cation. In the same vein, fighting or sour relationships showed greater negative 
effects than friendly and amicable relationships. Negative moods and emotions 
seem to mark the cognitive processes more strongly than positive mood and emo-
tions. Indeed, the largest efforts of people are usually aimed at escaping from nega-
tive mood rather than at entering in or empowering positive mood [3].

In this vein, words describing bad emotions are more numerous than words 
describing good emotions. This opposes the greater frequency of good emotions 
that people may live and suggests that bad emotions have more power than good 
emotions.

According to the literature on patterns of learning, bad things are more rapidly 
and successfully learned than good things as well as negative events have effects 
much more lasting and important than positive or neutral events; this is confirmed 
also by the fact that there are no words and concepts to describe the opposite of 
trauma. For instance, bad parental attitudes can be stronger than genetic influences, 
but good parental attitudes are not. Studies focusing on social support found that 
people presenting negative or conflictual behaviors with their friends and peers have 
stronger negative effects than people acting via positive and sympathetic behaviors. 
In addition, bad things receive more attention and mark more strongly cognitive 
processing than good things; negative stereotypes and bad reputation are easier to 
be acquired and harder to abandon than positive stereotypes and good reputation; 
bad feedbacks have stronger effects than good feedbacks; poor health has a more 
considerable impact on well-being than good health; and health per se is more dam-
aged by pessimism than by optimism [3]. Generally speaking, people appear to be 
more strongly motivated to avoid the bad rather than to receive the good.

Negativity bias may also be related to the sense of lack of social connectedness. 
For instance, talking about negative events leads to more interpersonal confidential-
ity than talking about own future projects [4]. There are also other social factors to 
be considered: people who talk about the bad are perceived as more capable and 
thoughtful than those talking about the good. Experimental studies showed that 
slight reminders of death increased the preference for a charismatic leader and 
decreased the preference for a relationship-oriented leader [5].

Fortunately, exceptions which indicate greater strength of good things on bad 
things can still be found in the literature. Examples are when positive information is 
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found to be more diagnostic than negative information [6] or in anticipation of 
future events; thus the dominance of optimism on pessimism about the future 
reflects a higher power of good future events on bad future events [7]. Boucher and 
Osgood [8] noted that there is a common human tendency to use evaluatively posi-
tive words more frequently than evaluatively negative words; similarly, Matlin and 
Stang [9] highlighted that negative words consist more often of a positive root that 
becomes negative by a prefix (e.g., unfavorable) rather than the other way around. 
In addition, when people are instructed to attribute traits to a target person, they tend 
to use more positive traits than negative traits, and the proportion is 62% for positive 
versus 38% for negative traits [10, 11].

There are also some studies suggesting that positive and negative events have 
different effects on memory; people tend to remember positive events more than 
negative events [12].

Finally, there are individual differences in the level in which people are oriented 
toward good and bad things. Healthy subjects look for positive information and shrink 
negative information more than depressed subjects in several domains which include 
optimism regarding the future [13] and recall bias for positive information [14].

Because of the important influence of individual and cultural aspects on positive 
health, measuring well-being is an indispensable challenge, and the application of a 
therapy which might enhance well-being is fundamental.

An extensively speculative literature has addressed the meaning of positive psy-
chological functioning. This literature includes Maslow’s view of self-actualization 
[15], Rogers’ conceptualization of the fully functioning person [16], Jung’s notion 
of individuation [17], and Allport’s definition of maturity [18]. Another domain of 
theory for defining psychological well-being comes from life-span developmental 
perspectives which emphasize the differing challenges faced in the different ages of 
life [19–21]. Jahoda’s positive criteria of mental health, generated to replace previ-
ous definitions of well-being which were mainly focused on the absence of the ill-
ness, offer a great description of what good psychological health means [22]. More 
recently, Paul Dolan suggested that well-being is composed of pleasure and purpose 
[23]. This conceptualization reflects the fact that we usually do not want to just feel 
good but to feel that we are doing good. Thus, we need to balance and combine 
these two aspects to enhance well-being; more precisely, we should balance our 
psychic forces in order to acquire a unifying outlook on life which might guide our 
actions and feelings with the aim of shaping our future accordingly [22].

 Well-Being Dimensions

Well-being therapy (WBT) is a short-term psychotherapeutic intervention which is 
based on the model developed in 1958 by Marie Jahoda [22] (Fig. 24.1). In her 
model, Marie Jahoda outlined six criteria for describing positive mental health:

 (1) Autonomy that is regulation of behavior from within
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 (2) Environmental mastery that is the capacity to manage the environment in a way 
which allows to get benefits from it

 (3) Satisfactory interactions with others and the milieu, which refer to interpersonal 
and intimate relationships

 (4) The individual’s style and degree of growth, which includes development and 
self-actualization

 (5) The attitudes of an individual toward his own self, which means also self- 
perception and self-acceptance

 (6) The individual’s balance and integration of psychic forces, which refer to the 
concept of psychological flexibility

This latter dimension represents a unifying outlook on life that should guide 
individual actions and feelings for shaping future accordingly. It also includes resis-
tance to stress, which has been defined over the time as resilience and tolerance to 
anxiety and frustration. This sixth dimension is not purely a generic and clinically 
futile advice of avoiding excesses and extremes; it is how the individual adjusts his 
own psychological dimensions of well-being to face changing needs [24].

Ryff and Singer [25] further elaborated the first five dimensions of positive func-
tioning proposed by Marie Jahoda (Table 24.1) and proposed their conceptualiza-
tion as follows:

Balance and
integration
of psychic

forces

Autonomy

Environmental
mastery

perception of
environment
and others

growth,
development,

self-
actualization

positive 
attitudes 

towards one's
self

Fig. 24.1 Jahoda’s model of psychological well-being [22]
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• Self-acceptance: this is a central aspect which implies self-actualization, optimal 
functioning, and maturity. Adult developmental stage theories have strongly 
stressed the importance of acceptance of one’s self and one’s past life. Thus, hav-
ing positive attitudes toward oneself emerges as a central characteristic of posi-
tive psychological functioning [25].

• Positive relations with others: many theories supported the importance of warm 
and trusting interpersonal intimate relationships, and the ability to love is 

Table 24.1 The six dimensions of psychological well-being according to Ryff’s model

Dimensions High scores Low scores
Autonomy The subject is autonomous and 

independent; he can resist social 
pressures; he regulates behavior from 
within; he evaluates self by personal 
references

The subject is worried about the 
opinions, the expectations, and the 
point of view of others; he is 
influenced by  judgment of other 
people to make relevant decisions; 
he conforms to social pressure

Self-acceptance The subject has a positive attitude 
toward the self and knows and accepts 
the various aspects of self including 
good and bad qualities; he has 
positive feelings about the past

The subject is dissatisfied with self 
and is disappointed with the past; 
he is uncomfortable with specific 
own personal qualities; he would 
like to be different

Environmental 
mastery

The subject has mastery and 
competence in managing the 
environment; he is able to manage a 
complex pattern of activities; he uses 
effectively surrounding opportunities; 
he can choose or build context 
patterns which are appropriate for his 
personal needs and values

The subject has difficulties in 
managing everyday environment; 
he feels to be unable to change or 
ameliorate the surrounding 
environment; he is not aware of 
surrounding opportunities and has 
no sense of control over the external 
activities

Purpose in life The subject has purposes in life and 
knows the direction of his life; he sees 
and perceives the meaning of life; he 
has beliefs that support life purposes 
and has aims and objectives for living

The subject has a poor sense of 
meaning in life; has few purposes 
or aims, no sense of direction of his 
life; does not feel and see goals in 
past life; and has few or no beliefs 
that give life meaning

Positive 
relations with 
others

The subject has intimate, positive, 
trusting relationships with other 
people; is worried about well-being of 
people close to him; and can feel deep 
empathy, love, and intimacy toward 
others; he is able to have relationships 
with others

The subject has limited close 
relationships with others; he finds it 
difficult to be open and close to 
others; he is alone, isolated, not 
willing to sustain close 
relationships with others

Personal 
growth

The subject has a feeling of continued 
growing; he sees self as expanding 
and continuously changing; he is open 
to novelties; he sees improvements 
over time and changes in a way that 
reflects self-knowledge and 
effectiveness

The subject has a sense of personal 
immobility and no or poor sense of 
improvement over time; he is bored 
and not interested in life; he had the 
perception not to be able to develop 
new projects, activities, and 
behaviors

Adapted from [26]
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 considered a central component of mental health. This means having strong feel-
ings of empathy and love for the human real and being capable of deeper affect, 
closer friendship, and more complete connection with others. Life-span develop-
mental theories also emphasized the achievement of close unions with others, the 
so- called intimacy, and the guidance and direction of others, the so-called gen-
erativity [25].

• Autonomy: this dimension refers to individual qualities such as self- determination, 
independence, and regulation of behavior from within. It means autonomous 
functioning, resistance to enculturation, and having an internal locus of evalua-
tion, which means evaluating oneself by personal standards. Autonomy also 
includes emancipation from convention, in which the person no longer clings to 
the collective fears, beliefs, and laws of the mass. This may give the person a 
sense of freedom from the norms governing everyday life [25].

• Environmental mastery: this is the individual’s ability to choose or create envi-
ronments suitable to own psychic conditions; it also means having the ability to 
manipulate and control complex environments. This conceptualization empha-
sizes people’s ability to progress in the world and change it creatively through 
mental and physical engagement. Successful aging also stresses the extent to 
which the individual takes advantages of environmental opportunities [25].

• Purpose in life: this dimension is characterized by having the feeling that there is 
a purpose, an aim, and a meaning in life which includes a sense of directedness, 
intentionality, and a clear comprehension of life’s goals [25].

• Personal growth: it requires that individuals continue to develop their potential to 
grow and expand as persons; therefore, a central position is devoted to the need 
to actualize one’s self and realize one’s potential. In this vein, openness to experi-
ence becomes a key characteristic of the fully functioning persons. Such indi-
viduals are continuously developing, rather than achieving a fixed state, which 
also means continuous growing and facing new challenges [25].

Ryff also introduced a method for the assessment of these five dimensions, the 
so-called psychological well-being scales [26].

Although initially WBT was simply aimed at increasing psychological well- 
being, its goal was subsequently refined in the achievement of a state of euthymia, 
which corresponds to Jahoda’s sixth dimension [22]. A specific conceptualization of 
euthymia has been recently proposed by Fava and Bech [24] who identified the fol-
lowing peculiar characteristics: (a) absence of mood disturbances that can be diag-
nosed according to the current nosography; if the subject has had at least one prior 
mood disorder episode, it should be in full remission. If sadness, anxiety, and irri-
table mood are present, they should be short-lived and related to specific situations 
and do not significantly affect everyday life functioning. (b) The subject feels cheer-
ful, calm, active, and interested in things, and his sleep is refreshing or restorative. 
(c) The subject has a balance and integration of his own psychic forces (the so- 
called psychological flexibility), which means having a unifying outlook on life 
which guides actions and feelings to shape the future accordingly. The subjects also 
show resistance to stress (the so-called resilience and tolerance toward anxiety or 
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frustration). In this framework, Fava and Bech [24] proposed a 10-item self- 
administered scale assessing euthymia according to the above definition; the 
euthymia scale has been recently validated by our group [27].

 Well-Being Therapy

The well-being therapy [2, 28, 29] is a short-term psychotherapeutic intervention 
which is based on self-observation, via the use of a structured diary, patient- therapist 
interaction, and homework. WBT is based on the model of psychological well- 
being developed in 1958 by Marie Jahoda [22] and later refined by Ryff and Singer 
[25] who identified five dimensions of positive functioning. Ryff and Singer [25] 
noted that over the time, mental health research has been too influenced by the con-
cept of psychological dysfunction and that health has been erroneously equated to 
the absence of illness rather than to the presence of wellness. Ryff and Singer [25] 
thus suggested that the absence of well-being might create the conditions of vulner-
ability to possible future adversities and that the route to recovery should lay not 
exclusively in alleviating the negative but in creating or empowering the positive. 
More recently, WBT has been further refined via the definition of the concept of 
state of euthymia which mirrors to Jahoda’s sixth dimension of balance among psy-
chic forces [22].

 WBT Structure and Features

Well-being therapy may be used as a only therapeutic strategy or as a second-line 
treatment strategy. In case it is used as a only therapeutic strategy, the number of 
sessions ranges from 8 to 20, and the duration of each session ranges from 45 min 
to 60 min. In case WBT is used as a second-line treatment, it should be used in 
sequential combination with other psychotherapeutic strategies, mainly cognitive 
behavioral therapy (CBT) since the sequential combination of CBT/WBT has been 
largely studied so far [2]. When WBT is used as a second-line treatment, the number 
of sessions may be reduced to 4–6 [2].

The initial phase of WBT is based on patient’s self-observation of situations in which 
he feels to experience well-being. As soon as the patient is able to recognize adequately 
these instances of well-being, he is encouraged to identify thoughts, beliefs, and behav-
iors which might lead to premature interruption of well-being. This is the intermediate 
phase. The final phase involves cognitive restructuring of dysfunctional dimensions of 
psychological well-being; thus the clinician invites the patient to criticize the content of 
thoughts and beliefs which might lead to premature interruption of well-being as well as 
to criticize the behaviors which might lead to premature interruption of well-being, 
observing such thoughts, believes, and behaviors from a different point of view. In all 
the phases, the patient is also encouraged to look for optimal experiences, increase the 
probability to live optimal experiences in the daily life, and meet the challenge that opti-
mal experiences may entail [2]. The main phases of WBT are summarized in Fig. 24.2.
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WBT was originally conceived as an individual therapy [30], but it may be deliv-
ered also in a group format [31]. This modality may increase sharing optimal expe-
riences and personal meanings of psychological well-being. Based on Kauffman 
and Silberman’s [32] observation, positive psychology interventions were found to 
be suitable also for couple therapy and able to improve the outcomes; thus, it is also 
hypothesized, although not yet tested, that WBT may increase the effectiveness of 
couple and family interventions.

WBT can be differentiated from positive interventions [33] on the basis of the 
following features: monitoring of psychological well-being in a diary; identification 
of low tolerance to well-being by seeking automatic thoughts; behavioral exposure; 
cognitive restructuring using specific psychological well-being models; and indi-
vidualized and balanced focus. These features are here described in detail:

 1. Monitoring of psychological well-being in a diary: patients are encouraged to 
identify episodes in which they feel to experience well-being and describe in the 
diary the situational context in which they occur. In practice, they are asked to 
report in the structured diary the circumstances surrounding their episodes of 
well-being and rate the level of psychological well-being experienced in such 
circumstance based on a 0–100 scale, where 0 means absence of well-being and 
100 means the most intense well-being ever experienced. The patient is informed 
that well-being can be a feeling which follows the break from distress, anxiety, 
anguish, worry, sadness, hopelessness, or similar; well-being might also be 
related to a specific experience here named “optimal” experience. Optimal expe-
riences are characterized by clear aims, immediate feedback, high challenges 
matched with adequate personal skills, a combination of action and awareness, 
concentration on the task that is taking place, perceived control of the situation, 
loss of self-consciousness, altered sense of time, and intrinsic motivation [34].

 2. Once the patient is able to recognize the instances of well-being, he is encour-
aged to identify those situations in which there is low tolerance to psychological 
well-being. Thus, the therapist encourages the patient to seek automatic thoughts 
and beliefs which lead to premature interruption of well-being. These thoughts 

INITIAL SESSIONS
check-up and self-monitoring of 
optimal experiences

INTERMEDIATE SESSIONS
identification of toughts and beliefs 
which interrapt well-being 

FINAL SESSIONS
cognitive restructuring according to 
the well-being dimenions

Fig. 24.2 Well-being 
therapy main phases [28]
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are automatic and must be managed as it is performed in cognitive therapy [35]; 
the focus of self-observation is, however, based on well-being instead of 
distress.

 3. The therapist also supports and encourages activities which might trigger or 
empower well-being as well as optimal experiences. Thus, behavioral exposure 
[35] (for instance, assigning the task to undertake specific pleasurable activities) 
is proposed as a reinforcement. Meeting the challenge that optimal experiences 
may require is emphasized since it is through this challenge that growth and 
improvement of self can be achieved.

 4. The therapist verifies whether specific impairments or excessive levels in well- 
being dimensions, according to Jahoda-Ryff’s conceptual framework, occur [22, 
26]. This is possible by means of the monitoring of the course of episodes of 
well-being. At this point, the patient should be able to adequately identify 
moments in which he feels to experience well-being; should be aware of those 
interfering thoughts, beliefs, or behaviors which interrupt the feelings of well- 
being; should be able to use cognitive behavioral techniques to address these 
interruptions; and finally should have learned strategies to pursue optimal 
experiences.

 5. Contrary to what positive interventions promote [33], patients are not encour-
aged to seek the highest possible level of psychological well-being, which is 
illustrated in the sixth dimension model elaborated by Jahoda and Ryff [22, 26]. 
On the contrary, patients are encouraged to obtain a balanced functioning, which 
can be subsumed under the rubric of state of euthymia [24]. This optimal- 
balanced well-being can be different from patient to patient, according to factors 
such as personality traits, social roles, and cultural and social contexts [24].

 WBT Framework

Unlike many other psychotherapeutic interventions, WBT was conceived as a thera-
peutic tool which should be incorporated in a therapeutic plan rather than as an only 
treatment for mental disorders. Thus, well-being therapy should be applied as a 
second- or third-line intervention and not as the first-line treatment of an acute psy-
chiatric disorder. Second- and third-line interventions are nowadays precious for 
clinicians since most of the patients have complex and chronic disorders and always 
more often need second- and third-line interventions [36]. In this vein, WBT has 
been tested in several controlled trials but mostly as an additional treatment ingredi-
ent of CBT.

WBT was also conceived to be used in patients whose clinical case is formulated 
via the clinical reasoning and via the use of macroanalysis [37]; it was not con-
ceived to be used in every patient meeting certain diagnostic criteria [2].

Macroanalysis consists of establishing a relationship among individual’s co- 
occurring syndromes and problematic areas. Thus, macroanalysis should not be 
applied only to diagnostic entities, as in the conceptualization of comorbidity which 
is proposed by the current nosography (for instance, the Diagnostic and Statistical 
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Manual of Mental Disorders or the International Classification of Diseases), but it 
should be applied to any clinical manifestations and any ailments that are referred 
as problematic by the patient and are judged clinically relevant by the clinician since 
they affect the patient’s life, although they do not reach the diagnostic threshold or 
are not mentioned in the current nosographic systems. Macroanalysis is based on 
the assumption that, in most of the cases, there are functional relationships among 
different patient’s problematic areas and that the targets of treatment may vary 
according to the problematic area taken into account as well as during the course of 
the disturbances.

There are four steps within the process of macroanalysis:

 1. Detecting the complexity of the clinical case: macroanalysis assumes a detailed 
and systematic collection of the different ailments, clues, or problems affecting 
the patient’s life independently from the fact they are included or not included in 
a classificatory system. This collection of data is run by the clinician from the 
first meeting with the patient until the end of the treatment since new information 
can always come as the clinician-patient relationship develops and becomes 
stronger [37].

 2. Establishing a relationship among the problematic areas which affect the patient’s 
life: macroanalysis starts from the assumption that, in most of the cases, there are 
functional relationships among problematic areas. Such functional relationships 
are usually based on the primary/secondary onset as well as on the predominance 
of a more severe clinical picture on another [37]. The relationships established 
allow the clinician to hierarchically organize the problematic areas.

 3. Choosing the first clinical target and the related treatment: according to the rela-
tionships established among the patient’s problematic areas and according to 
their hierarchical organization, the first target of treatment is chosen. Of course, 
further treatments may be needed, and they may vary during the course of the 
disturbances. Usually, some treatments are postponed after the outcome of the 
first-line treatment is measured. The hierarchical organization that is chosen may 
depend on a variety of factors such as the urgency of symptoms (i.e., severity of 
distress or functional impairments), the availability of treatment tools, and the 
patient’s preferences and priorities. [37–39]

 4. Choosing further targets and related treatments: after the first-line treatment is 
completed, the outcome of the first-line treatment is measured, and a new mac-
roanalysis is performed. On the basis of this new macroanalysis, different targets 
of treatments might be chosen by the clinician as well as related different types 
of treatments [37].

While macroanalysis involves an assessment of the relationship between co- 
occurring clinically relevant problematic areas, microanalysis is a detailed analysis 
of symptoms for functional assessment [37]. It involves consideration of the onset 
of complaints, their course, circumstances that worsen or improve symptoms, short-
term and long-term impact of symptoms on quality of life, and work and social 
adjustment [37]. Microanalysis may also include specific tests and rating scales 
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which must be integrated into the rest of the assessment and not viewed in isolation 
[37]. The euthymia scale as well as the PWB scales might be very helpful when 
psychological well-being and WBT are considered.

Staging is another key tool to formulate the case via the clinical reasoning. It 
allows to reason in terms of longitudinal development of a disorder and in terms of 
treatment response [40]. Indeed, staging allows an assessment of the longitudinal 
development of mental disorders defining where a person is currently along the 
continuum of the course of illness which includes prodromes (i.e., early signs and 
symptoms that differ from the acute clinical phase), the acute phase of the disease, 
residual symptoms (i.e., persistent signs and symptoms despite apparent remission 
or recovery), and in some cases, chronicity (i.e., signs and symptoms become 
chronic in an attenuated or in a severe level of severity). More specifically, stage 1 
is the prodromal phase, defined as the time interval between the onset of prodromal 
symptoms and the onset of the characteristic manifestations of the fully developed 
acute illness [40]. After the acute phase (stage 2), it might be difficult to assess 
whether partial or full remission has occurred; attenuated symptoms, the so-called 
residual symptoms, might be observed (stage 3); they are due to partial persistence 
of the disorder or to the worsening of a pre-existing abnormal personality trait. 
Stage 4 represents chronicity of the psychiatric disorder [40].

Staging differs from the conventional diagnostic practice which only defines the 
extent of progression of a disorder at a particular point in time.

Staging models have been proposed for mental disorders such as schizophrenia, 
unipolar depression, bipolar disorder, panic disorder, substance use disorders, and 
eating disorders [40].

Staging can be used to reason in terms of longitudinal development of a disorder 
and in terms of treatment response also thanks to the model provided by Detre and 
Jarecki [41], the so-called rollback phenomenon. The rollback phenomenon estab-
lishes a relationship between residual and prodromal symptoms since as the illness 
remits, it progressively recapitulates in the reverse order. This means that certain 
prodromal symptoms may be overshadowed by the acute manifestations of the men-
tal disorder and persist as residual symptoms after the acute phase of the illness 
fades away. In most of the cases, such residual symptoms can also progress to 
become prodromes of the following relapse. If this is the case, prodromal symptoms 
of relapse tend to mirror those of the initial episode [30]. According to the rollback 
phenomenon, there is also a temporal relationship between the time of the develop-
ment of a disorder, that is, the time in which prodromal symptoms become more and 
more severe and finally reach the level of severity of the acute manifestations, and 
the duration of the phase of recovery, that is, the time in which symptoms are no 
more acute but persist at an attenuate level of severity. Indeed, these two times tend 
to be similar in duration.

Table 24.2 reports the staging model proposed for panic disorder. This model as 
a peculiarity: it does not only include the clinical features attributed to panic disor-
der according to the current nosography; on the contrary it includes clinical features 
which can be observed in what the current nosography identifies as different 
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diagnostic entities. Thus, this staging model is named staging of panic disorder, but, 
in essence, it is the staging of anxiety disorders.

Stage 1 is characterized by subclinical manifestations of agoraphobia, social 
phobia, generalized anxiety disorder, and/or hypochondriasis. If we use the current 
nosography terminology, we might say that at this stage, we have subthreshold man-
ifestations of agoraphobia, social phobia, generalized anxiety disorder, and/or 
hypochondriasis.

Stage 1 was proposed on the basis of the literature findings which suggested that:

 (a) Truly spontaneous attacks, not preceded by anxiety-provoking cognitions, are 
uncommon

 (b) Patients meeting the diagnostic criteria for panic disorder tend to suffer from 
the whole range of anxiety disorders

 (c) A unique relationship between panic disorder and agoraphobia cannot be 
established

 (d) Other diagnoses, particularly social phobia and generalized anxiety disorder, 
frequently predate the onset of panic and agoraphobia [42]

Stage 2 is characterized by the acute manifestations of agoraphobia, social pho-
bia, generalized anxiety disorder, and/or hypochondriasis. Thus, the onset of the 
acute manifestations of panic disorder is not identified when panic attacks occur, as 
suggested by the current nosography, but when anxiety disorders (agoraphobia or 
social phobia or generalized anxiety disorder) or hypochondriasis develop and are 
florid. The stage 2 thus allows to formulate the diagnosis according to criteria which 
differ from the current nosography; the direct implication is higher diagnostic sharp-
ness and lower risks of using undifferentiated treatment, which may leave substan-
tial areas of non-response. A further direct clinical implication is that undifferentiated 
treatments are substituted with stage-guided therapeutic interventions [42].

Stage 3 is characterized by panic attacks with worsening of anxiety and hypo-
chondriacal symptoms; demoralization and/or major depression may also occur. 
This means that panic attacks are not the acute manifestation of panic disorder but 
the expression of a development toward chronicity. Already in 2008, Fava et al. [42] 
suggested to consider panic disorder in a longitudinal way which implies that there 

Table 24.2 Staging of panic disorder

Stage 1 Prodromal phase: subclinical symptoms of agoraphobia and/or social phobia and/or 
generalized anxiety disorder and/or hypochondriasis

Stage 2 Acute manifestations of agoraphobia and/or social phobia and/or generalized 
anxiety disorder and/or hypochondriasis

Stage 3 Panic disorder with worsening of anxiety and hypochondriacal symptoms 
demoralization and/or major depression may occur

Stage 4 Chronic panic disorder and agoraphobia and/or social phobia and/or generalized 
anxiety disorder and/or hypochondriasis (in attenuated or persistent form). Increased 
liability to major depression

Adapted from [40, 44]
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is a development of anxiety disorders and hypochondriasis instead of a specific 
disease. In addition, stage 3 allows to overcome the concept of comorbidity between 
panic disorder and major depression, which is proposed by the current nosography, 
since major depression, as well as demoralization, is an integral part of stage 3 of 
the illness. Similarly, also the concept of comorbidity between panic disorder and 
hypochondriasis is superseded, not via the deletion of the diagnosis of hypochon-
driasis (as proposed by the Diagnostic and Statistical Manual of Mental Disorders) 
but via the inclusion of hypochondriasis as a clinical characteristic of panic at dif-
ferent stages of its development.

Stage 4 is characterized by chronic panic disorder and agoraphobia and/or social 
phobia, generalized anxiety disorder, and hypochondriasis. The latter ones can be in 
an attenuated or in a persistent form. The patient also has increased liability to 
develop major depression. Also stage 4 allows to supersede the concept of comor-
bidity which, in this framework, becomes useless from a clinical point of view.

This model, widely supported in the literature [40], has the advantage to provide 
a monitoring of the patient’s progress [43]. Because of the chronic nature of panic 
disorder, the emphasis of treatment has been more and more shifted to long-term 
outcome, and disappearance of all symptoms may become the final target of therapy 
since they constitute a substantial risk of relapse [44]. This has been clearly high-
lighted in the long-term outcome of patients with panic disorder treated with behav-
ioral interventions [45]. Another interesting proposal could be the stage-oriented 
therapy, that is, a specific therapy planned to treat a specific stage of the illness to 
produce additional benefits.

 The Role of WBT in the Treatment of Anxiety Disorders

 Generalized Anxiety Disorder

A seminal study was performed in patients with a diagnosis of generalized anxiety 
disorder [46]. Twenty patients were randomly assigned to eight sessions of CBT or 
to the sequential administration of CBT (four sessions) and WBT (four sessions). 
Patients who received the two types of treatments presented a significant reduction 
of the level of anxiety; however, the CBT/WBT sequential combination produced 
significant advantages over CBT in terms of symptom reduction and in terms of 
psychological well-being improvement, as measured by the Clinical Interview for 
Depression [47] and the PWB scales [26], respectively. Thus, the findings suggested 
that the sequential combination of CBT and WBT was able to increase the level of 
recovery, and these results disentangled the feasibility and clinical advantages of 
adding WBT to the cognitive behavioral treatment of generalized anxiety disorder. 
Of course, the decrease of anxiety, as assessed via the Clinical Interview for 
Depression, could be also due to the fact that self-monitoring the episodes of well- 
being may have empowered the identification of automatic thoughts much more 
than what happens with the customary monitoring of episodes of distress in cogni-
tive therapy. Therefore, the cognitive restructuring might have been more effective. 
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In addition, the level of psychological well-being, as assessed via the PWB scales, 
also increased in those patients who were treated with CBT alone; however, the 
degree of such an increase was lower than the degree of the increase observed in 
those who received the CBT/WBT combination, suggesting a specific mechanism 
for WBT. Both aspects support a potential role for WBT in increasing the level of 
recovery.

 Panic Disorder

Another seminal study showed, for the first time, the potential positive effects of 
WBT in panic disorder and agoraphobia patients. Six subjects with a diagnosis of 
agoraphobia and panic attacks underwent a controlled trial with a crossover design 
which included three different interventions (i.e., exposure alone, cognitive therapy 
with exposure, exposure associated with imipramine) [48]. At the end of the trial, 
they were still suffering from panic attacks; thus well-being therapy was offered. 
WBT was delivered associated with the prolongation of exposure in vivo home-
work. Three out of the six patients accepted the WBT intervention [30], and, inter-
estingly, two of the three patients achieved a panic-free status after it.

It is of course extremely difficult to draw conclusions from this trial since the 
sample under study was very small and only half of the patients who were still suf-
fering from panic attacks and were offered the well-being therapy were examined. 
A placebo effect, thus a nonspecific effect, could be claimed although it seems quite 
unlikely to see a placebo effect in patients who had unsuccessfully undergone three 
consecutive trials. In addition, it should be noted that the controlled trial disclosed a 
significant effect of the time factor [48]; thus the results might have been due to the 
prolongation of the exposure in vivo homework. However, it is also possible that 
WBT helped the two patients undergoing exposure because it increased their com-
pliance to exposure homework; this, indeed, appeared to be the case according to 
the therapist’s ratings [48].

Cosci [49] described the case of a patient with panic disorder, agoraphobia, and 
a major depressive episode who failed to respond to paroxetine and CBT and suc-
cessfully responded to WBT. This patient was unable to identify automatic thoughts 
by monitoring distress with cognitive therapy, whereas she was able to do so while 
monitoring well-being with WBT. Interestingly, after WBT she was able to com-
plete also the cognitive therapy [49].

These results would not, of course, justify the use of WBT in panic disorder 
patients. However, a clinical justification for such a use might be based on the com-
parison between patients with panic disorder and agoraphobia and healthy controls, 
matched for sociodemographic variables, which showed lower levels of psychologi-
cal well-being in remitted panic disorder patients treated with WBT than in healthy 
subjects [48].

There are also some suggestions that WBT can play a role in drug treatment 
discontinuation in anxiety disorders such as panic [50]. Finally, future research may 
disclose whether WBT has a place in treatment resistance in anxiety disorders.
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 Drug Tapering and Discontinuation

In the last decade, a progressive change in the pharmacotherapy of anxiety disorders 
has occurred. Selective serotonin reuptake inhibitors (SSRIs), originally approved 
for the treatment of depressive disorders, have been approved also for the treatment 
of anxiety disorders, despite the lack of sufficient evidences. The major implication 
was that benzodiazepines were progressively replaced by antidepressants, mainly 
SSRIs, venlafaxine, and duloxetine, which are now proposed as the first-line treat-
ment of anxiety disorders. Despite the shift of guidelines from benzodiazepines to 
antidepressants, benzodiazepines have still unquestionable benefits and are widely 
prescribed by clinicians. Apparently, a campaign against benzodiazepines has been 
turned on and has been mainly based on the risk of abuse of these drugs. In reality, 
benzodiazepines abuse is low, especially for certain benzodiazepines, and usually 
occurs in co-occurrence of other substance use disorders [51]. Notwithstanding this, 
the literature has gradually been inflated by articles on negative properties of benzo-
diazepines. And even though many of these publications were not based on good 
science or were biased, on one hand they activated suspicion on benzodiazepines; 
on the other hand they suggested difficulties in using them, invariably denying their 
benefits [51, 52].

SSRIs, venlafaxine, and duloxetine have very frequent and specific steps [53]. 
They include withdrawal reactions that have been disguised as discontinuation syn-
dromes with the aim to avoid any clue of a potential for dependence from SSRIs, 
venlafaxine, and duloxetine that may affect marketing. These withdrawal syndromes 
may occur during drug reduction or discontinuation and are characterized by a 
broad range of somatic symptoms (e.g., headache, dizziness, fatigue, diminished 
appetite, sleep disturbances, flu-like symptoms) and psychological manifestations 
clinically relevant (e.g., agitation, anxiety, dysphoria, and confusion) [50, 54]. 
These reactions are particularly pronounced with paroxetine and venlafaxine, they 
may persist for months or even years after medication discontinuation, and they 
might lead to what have been identified as persistent post-withdrawal disorders [55].

Three types of withdrawal syndromes which might occur after antidepressant 
reduction or discontinuation have been described: new withdrawal symptom, 
rebound, and persistent post-withdrawal disorders [55].

New withdrawal symptoms are withdrawal symptoms that are not part of the 
patient’s original illness; they are associated with antidepressant decrease, discon-
tinuation, or switch [55]. They can occur up to 6 weeks after drug discontinuation 
or dose reduction, depending on elimination half-life of the drug. New withdrawal 
symptoms are transient, reversible with complete recovery, relatively short-lasting 
(from a few hours to a few days); usually they last less than 6 weeks and rarely 
persist for weeks and months. Some common new withdrawal symptoms are nau-
sea, headaches, tremor, sleep disturbances, decreased concentration, anxiety, irrita-
bility, agitation, aggression, depression, and dysphoria [55].

Rebound symptoms are a rapid return of patient’s original symptoms at greater 
intensity than before treatment. They can occur up to 6 weeks after drug discontinu-
ation or dose reduction, depending on elimination half-life of the drug. Rebound 
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symptoms are usually transient, reversible with complete remission, relatively 
short-lasting since they usually last less than 6 weeks, and rarely persist for weeks 
and months. [55]

Persistent post-withdrawal disorders occur after several years of continuous anti-
depressant use (1–4 years for SSRIs or for serotonin-noradrenaline reuptake inhibi-
tors – SNRIs) [50, 56]. SSRI/SNRI dose is usually not considered relevant, but the 
length of treatment is. Persistent post-withdrawal disorder entitles return of the 
original illness after drug discontinuation or dose reduction at a greater intensity 
and/or with additional features of the illness and/or emergence of new psychiatric 
disorders. Unlike the other withdrawal syndromes, persistent post-withdrawal dis-
orders usually persist at least 6 weeks (but they may last months and even years) and 
are severe [55].

Fava and colleagues explored the prevalence of withdrawal symptoms occurring 
after gradual tapering of SSRIs in patients with panic disorder and agoraphobia 
[57]. The conditions could be judged as optimal since all patients had fully remis-
sion upon behavioral treatment and were psychologically prepared to drug reduc-
tion and discontinuation. Nine of the 20 patients (45%) experienced a withdrawal 
syndrome that faded away within a month in all but 3. These three patients all 
received paroxetine and displayed alternation of worsened mood, fatigue, and emo-
tional instability with trouble sleeping, irritability, and hyperactivity [57]. Thereafter, 
Belaise and co-workers analyzed online self-reporting from a variety of websites 
visited by patients who had discontinued SSRI antidepressants and were reporting 
spontaneously significant withdrawal symptoms and post-withdrawal psychopa-
thology that they attributed to discontinuation of their SSRI [56]. Paroxetine (n = 3), 
sertraline (n = 2), citalopram (n = 2), fluoxetine (n = 1), fluvoxamine (n = 1), and 
escitalopram (n  =  3) were self-reported by patients as the cause of withdrawal 
symptoms when discontinued. In addition, 58% of patients (7 out of 12) reported 
persistent post-withdrawal symptoms: 3 of 3 paroxetine patients, 2 of 2 citalopram, 
1 of 1 fluvoxamine, 1 of 3 escitalopram, and none of both sertraline and fluoxetine 
patients.

A sequential combination of CBT/WBT that consists of 6–16 weekly sessions 
was proposed [50] to treat persistent post-withdrawal disorders induced by antide-
pressant reduction or discontinuation. The protocol consists of:

 (1) Explanatory therapy, which includes providing accurate information on with-
drawal, repeated reassurance, and teaching the physiological principles under-
lying withdrawal phenomena.

 (2) Monitoring of emergent symptoms in a diary according to the cognitive behav-
ioral model, followed by cognitive restructuring consisting of alternative inter-
pretations of patient thoughts about his symptoms.

 (3) Homework exposure for avoidance patterns. For example, the patient, who 
thinks that without the antidepressant, he cannot go out with friends, is encour-
aged to go out facing social situation of increasing level of difficulty.
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 (4) Lifestyle modifications. They include avoidance of alcohol, increased physical 
exercise, limited caffeine consumption, and no change in cigarette smoking 
habits.

 (5) Techniques of decreasing abnormal reactivity to the social environment, con-
sisting in learning ways to cope with stressful situations related to the level of 
arousal increased by drug withdrawal.

 (6) Teaching well-being therapy to clarify that there is life after antidepressants.

More recently, Fava and Belaise [58] illustrated more extensively which are the 
specific circumstances to discontinue antidepressants (i.e., medical reasons, preg-
nancy and breast feeding, paradoxical effects, lack of loss of efficacy of antidepres-
sants, unclear reasons of initial prescription, clinical improvement, patient 
preference), the pharmacological strategies to apply, and the psychotherapeutic 
management. This latter includes three modules.

The first module is based on explanatory therapy and includes 4–6 sessions. The 
second module is based on reassessment and cognitive behavioral treatment and 
counts 6–10 sessions. The third module is based on WBT and includes 6–8 sessions. 
Indeed, many patients are convinced that they cannot make it without antidepres-
sants, because they are weak and vulnerable [2]. The difficulties in discontinuing 
the antidepressant may lead to impairments in various dimensions of psychological 
well-being: environmental mastery (“I cannot work without antidepressants”); 
autonomy (“I am ill. I cannot do things I did in the past”); purpose in life (“There is 
no life after antidepressants”); positive relations with others (“Without antidepres-
sants I do not want to go out with friends”); and personal growth (“Things will get 
worse and worse”). Use of the well-being diary, associated with cognitive restruc-
turing and exposure homework, may provide a different perspective to patients [58].

A decreased risk of depression or anxiety occurrence has been shown after WBT 
in mood and anxiety disorder patients, and this may lead to a lower likelihood to use 
antidepressant in the future [2, 28].

 Side Effects During Long-Term Antidepressant Treatment

A negative aspect of long-term antidepressant treatments is concerned with side 
effects, particularly those observed with SSRIs [53], such as high rates of sexual 
dysfunction, bleeding (in particular gastrointestinal), weight gain (after initial 
weight loss), risk of fracture and osteoporosis, and hyponatremia [53]. In this frame-
work, the sequential treatment represents a great opportunity for antidepressant 
drug tapering and discontinuation. Indeed, it is possible to offer, for instance, a 
psychological intervention while the patient is reducing the psychotropic medica-
tion; this means that the clinician has the opportunity to monitor the patient in one 
of the most delicate aspects of treatment.
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Despite the use of a sequential approach aiming at discontinuing antidepressants, 
there are patients who take medications in the long-term. Still nowadays, most of 
the patients with a diagnosis of anxiety disorder never have a real chance to get 
appropriate psychotherapy for their disease. In addition, if these patients try to stop 
their psychotropic medication, they are at risk of relapse, and, if they were under 
SSRIs or SNRIs, they are at risk of having developed dependence; [54, 59] thus 
withdrawal symptoms mixed to residual anxious symptomatology may occur. These 
patients are, thus, often suggested by clinicians to come back to the drugs.

Even when patients never stop antidepressants, they may encounter problems. 
Loss of efficacy of antidepressant in the long-term treatment is a problem, for 
instance, in depression that increases with the duration of treatment (from 23% with 
1 year to 34% within 2 years and to 45% within 3 years) [60].

 Conclusions

The applications of WBT to the treatment of anxiety disorders that we have here 
discussed are largely speculative and in need of further investigations. Up to now, 
WBT appears to be uniquely applicable to the treatment of generalized anxiety dis-
order and panic disorder patients who did not benefit from CBT.  However, an 
increasing attention to psychological well-being might reveal that this is a clinical 
dimension in need of being assessed, studied, and, when appropriate, enhanced.

Although customary clinical taxonomy and common clinical evaluations do not 
include psychological well-being, a clinical interview assessing psychological well- 
being, if incorporated in standard, symptom-oriented psychiatric examinations [61], 
might give additional information and define major prognostic and therapeutic dif-
ferences among patients who otherwise seem to be deceptively similar since they 
share the same diagnosis.

Well-being therapy, being based on self-observation of psychological well-being 
associated with specific homework, has a different perspective from interventions 
that are labelled as distress-oriented, such as CBT. Another important feature of 
WBT is the assumption that imbalances in well-being are object of clinical interest 
and may vary from one illness to another and from patient to patient [62]. Thus, 
pursuing euthymia [24] can only be possible by means of a personalized approach 
that characterizes the treatment protocol and requires a comprehensive initial evalu-
ation [63].

References

 1. Hasler G. Well-being: an important concept for psychotherapy and psychiatric neuroscience. 
Psychother Psychosom. 2016;85(5):255–61. https://doi.org/10.1159/000447268.

 2. Fava GA.  Well-being therapy. treatment manual and clinical applications. Basel: Karger; 
2016a.

 3. Baumeister RF, Bratslavsky E, Finkenauer C, Vohs KD. Bad is stronger than good. Rev Gen 
Psychol. 2001;5:323–70.

F. Cosci

https://doi.org/10.1159/000447268


483

 4. Aron A, Melinat E, Aron EN, Vallone RD, Bator RJ. The experimental generation of inter-
personal closeness: a procedure and some preliminary findings. Pers Soc Psychol Bull. 
1997;23:363–77.

 5. Cohen F, Solomon S, Maxfield M, Pyszczynski T, Greenberg J. Fatal attraction: the effects of 
mortality salience on evaluations of charismatic, task-oriented, and relationship-oriented lead-
ers. Psychol Sci. 2004;15:846–51.

 6. Skowronski JJ, Carlston DE. Caught in the act: when impressions based on highly diagnostic 
behaviours are resistant to contradiction. Eur J Soc Psychol. 1992;22:435–52.

 7. Weinstein ND.  Unrealistic optimism about future life events. J  Personal Soc Psychol. 
1980;39:806–20.

 8. Boucher J, Osgood CE. The Pollyanna hypothesis. J Ver Learn Ver Behav. 1969;8:1–8.
 9. Matlin MW, Stang DJ. The pollyanna principle. Cambridge: Schenkman; 1978.
 10. Benjafield J. On the relation between the Pollyanna and golden section hypotheses. Br J Soc 

Psychol. 1984;23:83–4.
 11. Tuohy AP, Stradling SG. Maximum salience vs. golden section proportions in judgemental 

asymmetry. Br J Psychol. 1987;78:457–64.
 12. Brewer WF. Memory for randomly sampled autobiographical events. In: Neisser U, Winograd 

E, editors. Remembering reconsidered: ecological and traditional approaches to the study of 
memory. Cambridge: Cambridge University Press; 1988. p. 21–90.

 13. Taylor SE, Brown JD. Illusion and well-being: a social psychological perspective on mental 
health. Psychol Bull. 1988;103:193–210.

 14. Matt J, Vasquez C, Campbell WK. Mood-congruent recall of affectively toned stimuli: a meta- 
analytic review. Clin Psychol Rev. 1992;12:227–55.

 15. Maslow A. Toward a psychology of being, ed. 2. New York: Van Nostrand; 1968.
 16. Rogers CR. On becoming a person. Boston: Houghton Mifflin; 1961.
 17. Jung CG. Modern man in search of a soul. New York: Harcourt, Brace, & World; 1933.
 18. Allport GW. Pattern and growth in personality. New York: Holt, Rinehart, & Winston; 1961.
 19. Erikson E. Identity and life cycle. Psychol Issues. 1959;1:18–164.
 20. Buhler C, Massarik F. The course of human life. New York: Springer; 1968.
 21. Neugarten BL. Personality change in late life: a developmental perspective. In: Eisdorfer C, 

Lawton MP, editors. The psychology of adult development and aging. Washington: American 
psychological Association; 1973. p. 311–35.

 22. Jahoda M. Current concepts of positive mental health. New York: Basic Books; 1958.
 23. Dolan P. Happiness by design. Finding pleasure and purpose in everyday life. London: Allen 

Lane; 2014.
 24. Fava GA, Bech P. The concept of euthymia. Psychother Psychosom. 2016;85:1–5.
 25. Ryff CD, Singer B. Psychological well-being: meaning, measurement and implication for psy-

chotherapy research. Psychother Psychosom. 1996;65:14–23.
 26. Ryff CD. Psychological well-being revisited. Psychother Psychosom. 2014;83:10–28.
 27. Carrozzino D, Svicher A, Patierno C, Cosci F. The Euthymia Scale: a clinimetric analysis. In 

press.
 28. Fava GA.  Well-being therapy: current indications and emerging perspectives. Psychother 

Psychosom. 2016b;85(3):136–45.
 29. Fava GA, Cosci F, Guidi J, Tomba E. Well-being therapy in depression: new insights into the 

role of psychological well-being in the clinical process. Depress Anxiety. 2017;34(9):801–8. 
https://doi.org/10.1002/da.22629.

 30. Fava GA.  Well-being therapy: conceptual and technical issues. Psychother Psychosom. 
1999;68:171–9.

 31. Moeenizadeh M, Salagame KK. The impact of well-being therapy on symptoms of depression. 
Int J Psychol Stud. 2010;2:223–30.

 32. Kauffman C, Silberman J. Finding and fostering the positive in relationships: positive inter-
ventions in couples therapy. J Clin Psychol. 2009;65:520–31.

 33. Quoidbach J, Mikolajczak M, Gross JJ. Positive interventions: an emotion regulation perspec-
tive. Psychol Bull. 2015;141:655–93.

24 Well-Being Therapy in Anxiety Disorders

https://doi.org/10.1002/da.22629


484

 34. Csikszentmihalyi M, Csikszentmihalyi I. Optimal experiences. In:  Psychological studies of 
flow of consciousness. New York: Cambridge University Press; 1988.

 35. Beck AT, Rush AJ, Shaw BF, Emery G.  Cognitive therapy of depression. New  York: The 
Guilford Press; 1979.

 36. Fava GA, Rafanelli C, Tomba E.  The clinical process in psychiatry. J  Clin Psychiatry. 
2012;73:177–84.

 37. Emmelkamp PMG, Bouman TK, Scholing A. Anxiety Disorders. Chichester: Wiley; 1993.
 38. Fava GA, Ruini C, Rafanelli C. Psychometric theory is an obstacle to the progress of clinical 

research. Psychother Psychosom. 2004;73(3):145–8.
 39. Stangier U, Hilling C, Heidenreich T, Risch AK, Barocka A, Schlösser R, Kronfeld K, Ruckes 

C, Berger H, Röschke J, Weck F, Volk S, Hambrecht M, Serfling R, Erkwoh R, Stirn A, 
Sobanski T, Hautzinger M. Maintenance cognitive-behavioral therapy and manualized psy-
choeducation in the treatment of recurrent depression: a multicenter prospective randomized 
controlled study. Am J Psychiatry. 2013;170(6):624–32.

 40. Cosci F, Fava GA. Staging of mental disorders: systematic review. Psychother Psychosom. 
2013;82(1):20–34.

 41. Detre TP, Jarecki H. Modern psychiatric treatment. Philadelphia: Lippincott; 1971.
 42. Fava GA, Rafanelli C, Tossani E, Grandi S. Agoraphobia is a disease: a tribute to Sir Martin 

Roth. Psychother Psychosom. 2008;77:133–8.
 43. Shear MK, Clark D, Feske U. The road to recovery in panic disorder: response, remission, and 

relapse. J Clin Psychiatry. 1998;59:4–8.
 44. Cosci F. The psychological development of panic disorder: implications for neurobiology and 

treatment. Rev Bras Psiquiatr. 2012;34(Suppl 1):S9–19.
 45. Fava GA, Rafanelli C, Grandi S, Conti S, Ruini C, Mangelli L, Belluardo P. Long-term out-

come of panic disorder with agoraphobia treated by exposure. Psychol Med. 2001;31:891–8.
 46. Fava GA, Ruini C, Rafanelli C, Finos L, Salmaso L, Mangelli L, Sirigatti S. Well-being ther-

apy of generalized anxiety disorder. Psychother Psychosom. 2005;74(1):26–30.
 47. Guidi J, Fava GA, Bech P, Paykel E.  The clinical interview for depression: a comprehen-

sive review of studies and clinimetric properties. Psychother Psychosom. 2011;80(1):10–27. 
https://doi.org/10.1159/000317532.

 48. Fava GA, Savron G, Zielezny M, Grandi S, Rafanelli C, Conti S. Overcoming resistance to 
exposure in panic disorder with agoraphobia. Acta Psychiatr Scand. 1997;95:306–12.

 49. Cosci F. Well-being therapy in a patient with panic disorder who failed to respond to parox-
etine and cognitive behavior therapy. Psychother Psychosom. 2015;84:318–9.

 50. Belaise C, Gatti A, Chouinard V-A, Chouinard G. Persistent postwithdrawal disorders induced 
by paroxetine, a selective serotonin reuptake inhibitor, and treated with specific cognitive 
behavioral therapy. Psychother Psychosom. 2014;83:247–8.

 51. Balon R, Chouinard G, Cosci F, Dubovsky SL, Fava GA, Freire RC, Greenblatt DJ, Krystal 
JH, Nardi AE, Rickels K, Roth T, Salzman C, Shader R, Silberman EK, Sonino N, Starcevic 
V, Weintraub SJ.  International task force on benzodiazepines. Psychother Psychosom. 
2018;87(4):193–4. https://doi.org/10.1159/000489538.

 52. Nardi AE, Cosci F, Balon R, Weintraub SJ, Freire RC, Krystal JH, Roth T, Silberman EK, 
Sonino N, Fava GA, Starcevic V, Dubovsky SL, Salzman C, Rickels K, Greenblatt DJ, 
Shader RI, Chouinard G.  International task force on benzodiazepines. The prescription of 
benzodiazepines for panic disorder: time for an evidence-based educational approach. J Clin 
Psychopharmacol. 2018;38(4):283–5. https://doi.org/10.1097/JCP.0000000000000908.

 53. Fava GA. Rational use of antidepressant drugs. Psychother Psychosom. 2014;83:197–204.
 54. Fava GA, Gatti A, Belaise C, Guidi J, Offidani E.  Withdrawal symptoms after selective 

serotonin reuptake inhibitor discontinuation: a systematic review. Psychother Psychosom. 
2015;84:72–81.

 55. Chouinard G, Chouinard VA. new classification of selective serotonin reuptake inhibitor with-
drawal. Psychother Psychosom. 2015;84(2):63–71.

F. Cosci

https://doi.org/10.1159/000317532
https://doi.org/10.1159/000489538
https://doi.org/10.1097/JCP.0000000000000908


485

 56. Belaise C, Gatti A, Chouinard VA, Chouinard G. Patient online report of selective serotonin 
reuptake inhibitor-induced persistent postwithdrawal anxiety and mood disorders. Psychother 
Psychosom. 2012;81:386–8.

 57. Fava GA, Bernardi M, Tomba E, Rafanelli C. Effects of gradual discontinuation of selective 
serotonin reuptake inhibitors in panic disorder with agoraphobia. Int J Neuropsychopharmacol. 
2007;10:835–8.

 58. Fava GA, Belaise C.  Discontinuing antidepressant drugs: lesson from a failed trial and 
extensive clinical experience. Psychother Psychosom. 2018;87(5):257–67. https://doi.
org/10.1159/000492693.

 59. Fava GA, Benasi G, Lucente M, Offidani E, Cosci F, Guidi J. Withdrawal symptoms after 
serotonin-noradrenaline reuptake inhibitor discontinuation: systematic review. Psychother 
Psychosom. 2018;87(4):195–203. https://doi.org/10.1159/000491524.

 60. Meulenbeek P, Christenhusz L, Bohlmeijer E.  Well-being therapy in the Netherlands. 
Psychother Psychosom. 2015;84:316–7.

 61. Fava GA, Tomba E. Increasing psychological well-being and resilience by psychotherapeutic 
methods. J Pers. 2009;77:1902–34.

 62. Rafanelli C, Park SK, Ruini C, Ottolini F, Cazzaro M, Fava GA. Rating well-being and dis-
tress. Stress Med. 2000;72:268–75.

 63. Tomba E, Fava GA. Treatment selection in depression: the role of clinical judgment. Psychiatr 
Clin North Am. 2012;35:87–98.

24 Well-Being Therapy in Anxiety Disorders

https://doi.org/10.1159/000492693
https://doi.org/10.1159/000492693
https://doi.org/10.1159/000491524.


Part V

Anxiety and Precision Psychiatry



489© Springer Nature Singapore Pte Ltd. 2020
Y.-K. Kim (ed.), Anxiety Disorders, Advances in Experimental Medicine  
and Biology 1191, https://doi.org/10.1007/978-981-32-9705-0_25

G. Perna (*) · E. Sangiorgio · D. Caldirola 
Department of Biomedical Sciences, Humanitas University, Milan, Italy 

Department of Clinical Neurosciences, Hermanas Hospitalarias,  
Villa San Benedetto Menni Hospital, Como, Italy 

A. Alciati 
Department of Clinical Neurosciences, Hermanas Hospitalarias,  
Villa San Benedetto Menni Hospital, Como, Italy 

Humanitas Clinical and Research Center, Milan, Italy 

C. B. Nemeroff 
Institute for Early Life Adversity Research, University of Texas Dell Medical  
School in Austin, Austin, TX, USA

25Personalized Clinical Approaches 
to Anxiety Disorders

Giampaolo Perna, Alessandra Alciati, Erika Sangiorgio, 
Daniela Caldirola, and Charles B. Nemeroff

 Personalized Medicine in Anxiety Disorders

Anxiety disorders (ADs) are common mental diseases, whose lifetime prevalence is 
estimated at 33.7% according to data collected by the US National Comorbidity 
Survey Replication (NCS-R) [1]. The current edition of the Diagnostic and 
Statistical Manual of Mental Disorders (DSM-5) [2] codified as ADs panic disorder 
(PD), agoraphobia, generalized anxiety disorder (GAD), social anxiety disorder 
(SAD), specific phobia, separation anxiety disorder and selective mutism. In the 
past, the last two disorders were classified as childhood disorders but are now con-
sidered to be appropriate also in adulthood.

ADs affect personal, social and occupational functioning, produce serious dis-
ability and lead to a relevant impairment in quality of life. The World Health 
Organization [3] ranked ADs as the sixth contributor of global disability, on the 
basis of years of life spent with disability, in both developed and developing coun-
tries. Moreover, ADs are crucial in the development and prognosis of medical ill-
ness. The meta-analysis of Emdin et al. [4] found that patients suffering from ADs 
had a relevant risk for several cardiovascular conditions, including stroke, coronary 
heart disease and heart failure, and for cardiovascular mortality. In the last decade, 
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there has been an increased research interest into ADs, both because of a greater 
recognition of their burden and because they are among the most prevalent untreated 
psychiatric disorders [5]. A large European study showed that only 20.6% of partici-
pants with ADs asked for professional help; of those who approach to healthcare 
resources, 23.2% were not treated at all, 19.6% received only psychological treat-
ment, 30.8% were treated only with psychotropic medications, and 26.5% received 
both pharmacotherapy and psychotherapy [6].

International guidelines indicated that psychotropic and psychotherapeutic treat-
ments are effective for ADs. Medications include selective serotonin reuptake inhib-
itors (SSRIs), serotonin-noradrenaline reuptake inhibitors (SNRIs), pregabalin, 
tricyclic antidepressants (TCA) and benzodiazepines. Among psychotherapies, 
cognitive-behavioural therapy (CBT) is the most investigated, but a number of trials 
have also focused on interpersonal therapy (IPT) and psychodynamic therapy 
(PDTh) [7].

Unfortunately, 30–70% of patients failed to respond to the first pharmacologic 
intervention [8]. This is likely because the criteria that guide the choice of the best 
drug for the individual patient did not derive from the integration of the biological 
and environmental factors but rather from clinician’s personal experience and a bal-
ance of potential side effects and costs.

The development of preventive and/or early treatment measures should be a high 
priority because of the high prevalence of ADs, their serious personal and socioeco-
nomic impact as well their role as a complicating factor in somatic disease. However, 
universal preventive measures, applied to unselected target groups regardless of the 
susceptibility of the individual, would be both very expensive and demanding.

Personalized medicine, an approach to prevention and treatment of medical and 
psychiatric diseases that advocates tailoring healthcare to each individual by inte-
grating genetics and epigenetics, brain imaging, clinical aspects, and environmental 
factors, can be an answer to these needs. In fact, the aim of personalized medicine 
is to predict more accurately illness susceptibility and to tailor the most effective 
treatment for each individual [9].

According to the two main components of personalized medicine [10], the pres-
ent chapter summarizes evidence for the possible predictors of vulnerability to dis-
ease and response to treatment in the three most prominent and/or debilitating ADs 
[1], i.e. PD, GAD and SAD.

 Panic Disorder

Patients with PD suffer from a chronic and disabling condition, whose lifetime 
prevalence has been estimated at 3–4% in the general population [1]. PD is associ-
ated with medical/mental comorbidity, significant social and occupational impair-
ment and poor quality of life [11, 12]. In the DSM-5 [2], a diagnosis of PD is 
defined as the fulfilment of both recurrent unexpected panic attacks (PAs) (criterion 
A) and the existence of one or more of the following persistent PA-related condi-
tions for at least 1  month: concern, worry and behavioural changes, such as 
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agoraphobic avoidance (criterion B). PAs are characterized by sudden and severe 
fear/discomfort episodes, accompanied by intense and unpleasant somatic symp-
toms, such as chest pain, palpitations and dyspnoea [2].

Several medications, as well as CBT, are effective for PD. Medications include, 
as first-line agents, SSRIs and serotonin-norepinephrine reuptake inhibitor venla-
faxine and, as second-line agents, TCAs and benzodiazepines. Among psychothera-
pies, CBT is recommended as second-line agents [11, 13–15]. Despite these 
treatment options, in clinical trials, 17–64% of participants with PD fail to ade-
quately respond to pharmacological treatments and continued to have PAs and/or 
avoidance behaviours; in clinical settings, about 20–40% of patients did not achieve 
complete remission with the recommended medications or CBT [10].

Because drugs based on novel mechanisms are far from being implemented in 
clinical settings [15], examining markers of vulnerability and predictors of response 
to current pharmacological/psychotherapeutic treatments appears to be the most 
feasible strategy in the next future for applying a personalized approach to PD and 
increasing the rate of successful outcomes.

 Endophenotypes/Biomarkers

 Prediction of Disease Vulnerability

Hypersensitivity to CO2

Hypersensitivity to carbon dioxide (CO2) has received decades of research investi-
gations as a putative endophenotype of PD.  According to the early hypotheses, 
interaction between hyperventilation and fear was considered the causal mechanism 
of PAs. “Bad breathing habits” caused a burst of hyperventilation, during which 
more CO2 is eliminated than produced, causing respiratory alkalosis, which elicited 
panic symptoms and, thus, fear and anxiety [16, 17]. This model has been exceeded 
by subsequent studies, involving CO2 challenge test with enriched air mixtures, 
which proposed hypersensitivity to CO2 as a reliable panicogen challenge.

Hypersensitivity to CO2 meets all the criteria to be considered an endophenotype 
of PD, which are association with the disorder, trait stability and heritability [18].

Several studies have shown that inhalation of 35% CO2 can elicit a clear anxiety 
reaction only in patients with PD, who experience a sudden rise of both subjective 
anxiety and panic symptoms, compared with healthy subjects [19] and patients with 
other anxiety disorders or psychiatric diseases, such as GAD and mood disorders 
[19, 20].

This effect has been found to be independent from the clinical features of the 
disorder (i.e. frequency of PAs, agoraphobia and anticipatory anxiety and duration 
of illness), suggesting that hypersensitivity to CO2 is a trait marker of PD [19].

Family studies have suggested that CO2 hypersensitivity can represent a heritable 
hallmark of PD. Thus, the first-degree relatives of probands with PD had greater 
reactions to 35% CO2 inhalation compared with healthy controls [21]. Moreover, in 
a twin study, monozygotic twins showed higher concordance for 35% CO2-induced 
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PAs than dizygotic twins (55.6% versus 12.5%) [22]. The main source of familial 
risk for PD appears due to genetic factors, as supported by a population-based twin 
study of shared genetic influence for 35% CO2 hypersensitivity and uncued PAs 
[23]. Some studies have investigated whether CO2 hypersensitivity may be related 
to the allelic variation of the serotonin transporter gene (5-HTTLPR), in fulfilment 
of current theories on the role of serotonin in panic and respiration. Schmidt et al. 
[24] found that polymorphisms (ll or l′l′ genotype) in the 5-HTTLPR predicted 
greater fearful responses to a 35% CO2 challenge in healthy volunteers. In contrast, 
these findings were not replicated by Perna et al. [25] in patients with PD. However, 
the authors suggested that their findings may be explained by a possible influence of 
other polymorphisms in the gene coding for 5-HTT or in the genes coding for other 
structures involved in serotonergic modulation. A more recent study [26] indicated 
that these contradictory results may be due to the dose-response relationship 
between CO2 dosage and CO2-induced PAs. Indeed, the investigators found that 
variances in 5-HTTLPR genotype (LL, SL and SS) may moderate panic response to 
different CO2 mixtures (0%, 9%, 17.5% and 35%) in healthy subjects, with dose- 
dependent effects. Subjects with the SL and SS genotype reported less fear than LL 
subjects, with those with the SS genotype showing lower fear scores, particularly in 
response to the 17.5% CO2 dose.

Neurochemical Markers

Neurotransmitter Systems
Plasma and serum 5-HT levels were reported to be lower in patients with PD than 
in controls, while platelet 5-HT concentrations were unchanged or lower [27]. 
Studies on platelet 5-HT uptake and platelet 5-HT reuptake site binding reported 
inconsistent results. Cerebrospinal fluid (CSF) concentrations of the 5-HT metabo-
lite 5-hydroxyindoleacetic acid (5-HIAA) were similar in patients with PD and 
healthy subjects [27].

No significant changes were found in CSF levels of homovanillic acid (HVA), 
the main metabolite of dopamine, in patients with PD compared with healthy sub-
jects [28].

Plasma noradrenaline has not consistently been shown to be enhanced, nor has 
the CSF levels of 3-methoxy-4-hydroxyphenyglycol (MHPG), the main metabolite 
of central noradrenaline [27]. In the absence of baseline alterations in noradrenaline 
physiology, dynamic noradrenergic dysfunction has been carried out using norad-
renergic challenge paradigm. Yohimbine is a selective α2-adrenergic antagonist, 
whose primary activity is at the presynaptic α2-autoreceptor; its effect is to increase 
central and peripheral noradrenergic outflow. With yohimbine challenge, patients 
with PD consistently reported a raise in the rate of PAs and greater increases in 
Visual Analogue Scale (VAS) anxiety, plasmatic cortisol concentrations and sys-
tolic blood pressure (BP) than controls [29].

Finally, because platelet and central nervous system (CNS) α2-adrenoreceptors 
are similar in terms of pharmacology, binding to platelet α2-adrenoreceptors with 
the agonist clonidine and/or the antagonist yohimbine has been studied as a proxy 
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measure of CNS receptor function. The main used parameters were the binding 
maximum (Bmax), which measures the number of receptors per given mass of 
membrane, and the dissociation coefficient (Kd), which measures the affinity for the 
receptor, with higher Kd indicative of lower affinity. Results of platelet α-2- 
adrenoreceptors studies on PD are not consistent [30].

Other Blood or Peripheral Measures
Some growing evidence suggested the role of blood cells and peripheral measures 
as possible biomarkers for the vulnerability to PD.

Platelet activation and changes in reactivity indicators have been linked to 
chronic stress, cardiovascular conditions, nutritional deficiencies and various other 
medical conditions. According to Bhad [31], measurement of serotonin levels, 
platelet proinflammatory and immune-modulatory secretory compounds (e.g. plate-
let factor-4, P-selectin and β-thromboglobulin, monoamine oxidase activity and 
platelet activity indicators) may be useful for development of biomarkers for diag-
nosis of PD and/or various related conditions. Indeed, some studies found that 
patients with PD have higher platelet distribution width (PDW), red cell distribution 
width (RDW) and mean platelet volume compared with healthy subjects [32]. 
Furthermore, some findings indicated that it is possible to predict development of 
psychiatric comorbidities in patients with PD using biological serum markers, such 
as tetranectin and creatine kinase MB, and differentiate comorbidities associated 
with PD measuring serum ghrelin levels and lipid profile [31].

As regards immunological markers, PD patients showed a decreased percentage 
and number of circulating CD19+ B lymphocytes relative to control individuals, but 
no differences emerged in number and percentage of other lymphocyte populations, 
mitogen responses and NK cell activity. These immune measure changes in PD 
contrast with those found in major depressive disorder (MDD), suggesting some 
specificity of immune changes in psychiatric diseases [33]. Levels of the proinflam-
matory cytokines IL-1β and IL-6 were reported to be higher in PD patients com-
pared to control subjects, while conflicting results were found regarding IL-2, IL-12 
and INF-γ [34].

Finally, in line with the hypothesis that PAs might result from a disruption in 
stress response regulation by the hypersensitivity of the hypothalamic-pituitary- 
adrenal (HPA) axis, a body of studies have addressed the role of HPA axis activation 
in PD, using cortisol secretion as the marker of HPA functioning, in basal condi-
tions, during PAs, or psychological challenge test. However, results of these studies 
are not consistent regarding baseline cortisol and adrenocorticotropic hormone 
(ACTH) levels, cortisol and ACTH response to spontaneous and provoked PAs, 
exposure to feared situations, dexamethasone suppression or corticotropin- releasing 
hormone (CRH) challenge [27]. Thus, further examinations are needed to establish 
if cortisol secretion could be a biomarker of PD [32].

Physiological Markers
Several studies have suggested aberrant respiratory and cardiovascular patterns as 
specific biomarker for PD.
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Although patients with PD do not display any full-blown respiratory diseases, 
their respiratory system does appear to be more sensitive than that of individuals 
without PD.

In a meta-analysis of baseline respiratory and hematologic parameters related to 
respiration, Grassi et  al. [35] showed that patients with PD are characterized by 
chronic hyperventilation (e.g. higher baseline mean minute ventilation, lower end- 
tidal partial pressure of CO2 and reduced HCO3- and PO4-blood concentrations), 
higher indices of respiratory variability/irregularity and higher rate of sighs and 
apneas, compared with healthy subjects. In a following meta-analytic study, the 
same research group found that respiratory abnormalities are specific to patients 
with PD, compared with those with GAD or SAD [36]. As recently reported by 
Perna and Caldirola [37], these patients are also characterized by a higher-than- 
expected prevalence of obstructive respiratory diseases in childhood, irregular 
breathing pattern in their sleep, increased respiratory variability during mild physi-
cal activity and impaired diaphragmatic breathing with reduced vital capacity; fur-
thermore, they have behavioural and respiratory hypersensitivity to hypercapnic 
challenges, with altered respiratory patterns during the challenge and recovery 
phases, and to other respiratory stimuli, such as hypoxic challenge and 
hyperventilation.

Some evidence suggested that respiratory abnormalities may be useful in pre-
dicting the risk of PAs/PD in both symptomatic and asymptomatic subjects. Meuret 
et al. [38] found a specific pattern of autonomic and respiratory instability in the 
47 min preceding the onset of PAs, which may predict occurrence of PAs in affected 
patients. Furthermore, Perna et al. [39] showed higher respiratory rate and higher 
irregularities in respiratory measures in healthy children of patients with PD than 
healthy children of individuals without psychiatric diagnosis, suggesting that such 
respiratory abnormalities may help in the identification of children at risk for PD.

Similarly, although most patients with PD do not report any full-blown cardio-
vascular diseases, several studies indicated a series of subtle abnormalities in their 
cardiovascular system. As extensively reported by Perna and Caldirola [37], these 
patients exhibit imbalance in their autonomic regulation, reduction in heart rate 
variability (HRV), increase in time variability of ventricular repolarization, higher 
regional heterogeneity of ventricular repolarization and atrial depolarization and 
higher variability of ECG-R wave amplitude after beta-adrenergic stimulation with 
isoproterenol. Moreover, PD patients who are normotensive present an impaired 
circadian BP pattern with an inappropriate depletion in night-time BP (non-dipper 
pattern) as well as an unstable heart rate (HR) during sleep. In addition, at least in 
some patients with PD, PAs may be induced by paroxysmal supraventricular tachy-
cardia. Finally, these patients present enhanced arterial stiffness and several factors 
that negatively influence endothelial function, such as heightened homocysteine 
levels and platelet aggregation or volume and reduced levels of nitric oxide.

Despite the absence of longitudinal evidence, preliminary reports suggest that 
cardiovascular abnormalities may be useful in predicting the risk of PAs/PD in both 
symptomatic and asymptomatic subjects. In their study Meuret et al. [38] showed 
that PA onset was characterized by a specific increase of HR, in addition to the 
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respiratory changes mentioned above, suggesting that PAs may be predicted with 
specific cardiac measures in affected patients. Finally, Srinivasan et al. [40] demon-
strated a heritable effect of certain measures of HRV, given that children of parents 
with PD exhibit lower cardiac vagal function, relative to children of normal con-
trols. However, some authors argued that cardiac abnormalities may be not specific 
of PD.  For instance, Chalmers et  al. [41] reported similar findings comparing 
patients with different ADs [i.e. PD, GAD, SAD, post-traumatic stress disorder 
(PTSD)] with healthy controls, suggesting that reduced HRV is a non-specific 
marker across ADs.

Neuroimaging

Structural and Functional MRI Studies
An early hypothesis proposed a central role of amygdala and limbic regions (i.e. the 
“fear network”) in the pathophysiology of PD, conceiving PAs as a result of dys-
functions in this network [42]. Even though some structural abnormalities (i.e. 
smaller volume) in amygdala and its subnuclei were found in patients with PD [43], 
other evidence did not support this view, suggesting that amygdala may not be cru-
cial for PAs. Individuals with neurological damage of amygdala had both spontane-
ous and laboratory-induced PAs (i.e. with 35% CO2 inhalation or isoproterenol 
infusion), indicating that amygdala is not required to the occurrence of PAs [43–45]. 
Consistently, several neuro-structural findings showed volumetric difference in 
patients with PD compared with healthy controls in different brain areas, such as 
brainstem, left insula, right dorsal and rostral anterior cingulate cortex (ACC), tem-
poral and frontal lobes, right posterior-medial orbitofrontal cortex (OFC) and right 
basal ganglia [27, 46].

In line with these findings, functional magnetic resonance imaging (fMRI) stud-
ies provided support to the idea that brain areas different from the amygdala may 
play a role in the occurrence of PAs. fMRI utilizes intensity changes in a magnetic 
resonance signal to track haemodynamic changes in the brain (i.e. blood oxygen-
ation level dependent or BOLD) as proxy measures for neuronal activity. This tech-
nique allows identification of brain regions that are activated during a given 
behaviour/task and the synchrony of brain function across two or more regions. 
Through this technique, brainstem and insular regions were found to be crucial in 
the occurrence of PAs [46, 47]. Goossens et al. [47], investigating brain activation 
in response to a hypercapnic inhalation, found increased activation in the brainstem 
in response to the challenge in patients with PD compared with controls. Moreover, 
subjective feelings of breathing discomfort were positively correlated with brain 
activation in the anterior insula in all groups. In their review on neuroimaging stud-
ies, Perna et al. [46] specifically considered the potential involvement of the brain-
stem in the pathophysiology of PD. The authors concluded that unexpected PAs 
may be related to phylogenetically older brain structures, such as the brainstem 
areas, which process basic functions related to the organism’s internal milieu, while 
amygdala and limbic system may be mainly involved in anticipatory anxiety and 
phobic behaviours.
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Other neuroimaging studies investigated neural activation in response to stimula-
tion with panic-specific pictures. The findings showed that patients with PD had a 
greater activation of neural structures associated with interoception and somatosen-
sory processing compared to controls, which comprise the insular cortices, along 
with the left inferior frontal gyrus, the dorsomedial prefrontal cortex, the left hip-
pocampal formation and the left caudate [48].

In a recent review on the state of neuroanatomy in PD, Sobanski and Wagner [49] 
concluded that neuro-functional findings mainly indicated abnormal activations in 
an extended network, which included brainstem, insula, anterior and midcingulate 
cortex and lateral, as well as medial, parts of the prefrontal cortex. Furthermore, the 
authors reported that abnormal activations in the amygdala were not as consistently 
found, suggesting that the activation of amygdala in functional studies appeared to 
depend on stimuli and experimental paradigms, as well as on limitations of neuro-
imaging techniques.

 Prediction of Treatment Outcome

Hypersensitivity to CO2

The available literature mainly focused on the effects of treatments on hypersensi-
tivity to CO2. Decrease of reactivity to 35% CO2 was shown in all groups of patients 
treated with SSRIs (paroxetine, sertraline, citalopram or fluvoxamine), TCAs (imip-
ramine or clomipramine) or CBT (CBT with/without respiratory training) compared 
with the placebo/untreated groups [50–55]. Some differences in effects of psycho-
tropic therapies on hypersensitivity to 35% CO2 were shown. Although fluvoxamine 
and clomipramine resulted in a similar decrease of 35% CO2 reactivity, paroxetine 
resulted in a greater decrease than reboxetine, across and/or after 1 week of treat-
ment [52, 54]. Furthermore, in patients with hypersensitivity to CO2, paroxetine, 
sertraline and clomipramine showed greater antipanic properties than fluvoxamine 
and imipramine after 30 days of treatment [53]. All of these findings suggested a 
relevant role of the serotonergic system in the modulation of the CO2 
hyperreactivity.

One interesting study [53] investigated whether the decrease in CO2 reactivity, in 
the short-term, could be a significant predictor for good clinical treatment outcome. 
The authors found that the decrease in CO2 reactivity, after the first week, was a 
significant predictor for improvement following 1 month of treatment with parox-
etine, sertraline, fluvoxamine, imipramine or clomipramine.

Neurochemical Markers, Blood or Other Peripheral Measures
Because of their critical role in PD, pretreatment indices of noradrenergic systems 
have been evaluated as putative predictors of treatment response. Studies on the 
predictive role of plasma MHPG concentration yielded inconclusive results. 
Conversely, Lee et  al. [56] demonstrated that the acute patients with PD who 
responded to 12-week paroxetine treatment had a lower pretreatment lymphocyte 
β-adrenoceptor affinity in comparison with the non-responders. This result is  
consistent with a previous study that reported that pretreatment lymphocyte 
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β-adrenoceptor density was lower in responders to adinazolam [57]. Finally, high 
pretreatment α2-adrenoreceptor density predicted low severity of anxiety after treat-
ment with imipramine [58]. Because results are scant and mixed, it is not possible 
to reach a conclusion about the role of noradrenergic markers in the prediction of 
treatment response in patients with PD.

Although the role of other blood or peripheral measures in predicting treatment 
outcomes was not directly examined, preliminary data suggested that serum phos-
phate change is a promising biomarker in PD. Hypophosphatemia has been pro-
posed as a metabolic mechanism for adapting to the respiratory alkalosis induced by 
the hyperventilation associated with PD [59]. In this context, Perez-Costillas et al. 
[60] found normalization of hypophosphatemia after a successful 12-week treat-
ment with clomipramine or alprazolam; Beria et al. [61] showed increased phos-
phate levels in responders to a 12-week group CBT.

Finally, the only study on brain-derived neurotrophic factor (BDNF) found that 
poor responders to CBT had lower serum BDNF levels compared with patients 
exhibiting a good response [62].

Physiological Markers
Several studies have indicated that antipanic medications, particularly SSRIs, mod-
ulate various brain areas, neural pathways and peripheral sites directly implicated in 
respiratory and cardiovascular functions [37]. There are a body of studies indicating 
that SSRIs, particularly paroxetine, citalopram and sertraline, may improve respira-
tory irregularity and dyspnoea, both in chronic respiratory diseases and in PD [37]. 
SSRIs or CBT may have several positive effects also on the cardiovascular system 
of patients with PD, leading to (a) an increase of HRV and decrease in the cardiac 
sympathetic activity; (b) inhibition of platelet aggregation, collagen, and thrombin, 
exerted anti-inflammatory effects; (c) improvement of endothelial function, which 
may be protective against cardiovascular diseases; and (d) reduction of the symp-
toms of paroxysmal hypertension [37, 63].

Although few studies are available, some evidence indicated that baseline respi-
ratory and cardiovascular patterns may predict responses to pharmacotherapy and/
or psychotherapy. Although respiratory parameters were not assessed, Nardi et al. 
[64] found that the respiratory subtype of PD predicted a faster response to clonaz-
epam, compared with the non-respiratory subtype, in a group of patients treated 
with clonazepam for a 3-year period. In addition, Tolin al [65]. suggested that low 
end-tidal CO2 (ETCO2) at baseline was a negative prognostic marker for CBT in 
PD, because it predicted dropout in non-responders affected by ADs [i.e. PD, GAD, 
SAD or specific phobia (SP)] or other diagnosis [i.e. obsessive-compulsive disorder 
(DOC) or PTSD], prior to complete treatment. In contrast, Slaap et al. [66] found 
that abnormalities in autonomic nervous system (ANS), as indicated by reduced 
HRV, predicted non-response to a 12-week treatment with mirtazapine. Furthermore, 
Wendt et  al. [67] showed that patients with PD with reduced pretreatment HRV 
were more likely to show residual symptoms after completion of exposure-focused 
therapy.
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Neuroimaging
Patients with PD remitted after escitalopram treatment showed an increased grey 
matter volume in the left superior frontal gyrus [68] and an increased white matter 
microstructural integrity in the right uncinate fasciculus and the left fronto-occipital 
fasciculus and a significant decrease in the right precentral gyrus [69], but none of 
these studies has been designed to evaluate the predictive role of neural structural 
measures on response to treatment. As reported by Shin et al. [70] in their review on 
neuroimaging predictors of treatment response in ADs, no studies have previously 
assessed whether pretreatment structural or functional neuroimaging measures can 
predict outcomes of pharmacotherapy in PD.

A more recent systematic review that focused on outcome of CBT reported that 
a beneficial response to CBT was predicted by elevated pretreatment neural activa-
tion in the ACC, hippocampus, insula, dorsolateral prefrontal cortex (dlPFC), amyg-
dala and inferior frontal gyrus (iFG) [71].

 Genetics

To elucidate genetic association, two main approaches have been proposed. The 
hypothesis-driven studies have focused on candidate genes potentially implicated in 
PD pathogenesis and the non-hypothesis-driven genome-wide association studies 
(GWAS) that utilize the statistical power emerging from thousands of samples with-
out an a priori selection of risk genes.

 Prediction of Disease Vulnerability
Studies on the genetic basis of PD focused on genes involved in traditional neu-
rotransmitters, in particular monoamines. Within the serotonin system, it has been 
shown that high-expression alleles of the monoamine oxidase A (MAOA) promoter 
region (MAOA-uVNTR) increase the risk for PD, especially in women [72], and 
that HTR1A, HTR2A and the tryptophan hydroxylase 2 (TPH2) genes may contrib-
ute to the pathogenesis of PD [73].

The most consistently reported gene of the dopaminergic/noradrenergic  
system found to be implicated in vulnerability, the gene encoding catechol-O- 
methyltransferase (COMT) (an enzyme involved in 5-HT/other monoamines catab-
olism). The COMT Val158Met polymorphism, which is related to an increase in 
COMT enzymatic activity and decreased cortical dopamine quantitatively, has been 
shown to be associated with PD in females only and in an ethnic-specific manner 
[74].

Several polymorphisms located within the 5’ end of the norepinephrine trans-
porter (NET) have been shown to be significantly associated with PD [56, 75], 
though discordant findings have appeared [76].

A meta-analytic support for the bradykinin receptor B2 and NPY receptor Y5 
gene loci in Japanese patients with PD emerged from the few GWAS conducted in 
PD [77].
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 Prediction of Treatment Outcome
Pharmacogenetic studies have centred on serotonergic candidate genes and in par-
ticular on the functional polymorphisms of the 5-HTTLPR in PD. In a Caucasian 
population, homozygotes (l/l) and heterozygotes (l/s) females for the long variant (l) 
exhibited a greater reduction of PAs after 12 weeks of treatment with paroxetine 
when compared to female homozygotes (s/s) for the short variant (s), but no differ-
ence in the improvement of anticipatory anxiety/phobic avoidance [78]. Conversely, 
in Japanese patients, after 2 weeks of paroxetine treatment, the homozygotes (s/s) 
had a greater decrease of panic-phobic symptoms than heterozygotes (l/s), without 
gender differences [79]. In a separate Japanese sample, heterozygotes (l/s) reported 
a higher tendency to interrupt therapy for adverse side effects than homozygotes 
(s/s), within the first 2 weeks of treatment with paroxetine [80]. In two other Asian 
samples, no effects of 5-HTTLPR polymorphisms were found on panic-phobic 
symptoms or clinical global improvement after 4 or 10 weeks of treatment with 
paroxetine, respectively [81, 82]. In these last two studies, no effects of tryptophan 
hydroxylase polymorphisms were found [82], while the 1019C/C genotype in the 
regulatory region of the 5-HT1A receptor gene was associated with a better clinical 
outcome than with C/G or G/G genotype [81]. Similar results were reached in a 
Caucasian sample, where the G/G genotype was associated with a minimal decrease 
of PAs after 6 weeks of paroxetine or sertraline treatment and no relationship with 
5-HTTLPR polymorphisms was found [83].

Few studies have examined the association of polymorphisms of COMT with 
treatment outcomes. Functional polymorphisms of COMT were not associated with 
response after 12 weeks of treatment with paroxetine in Caucasian patients with PD 
[84]; Korean patients with the L/L COMT genotype had poorer clinical global 
improvement after the same treatment [85].

 Epigenetics

 Prediction of Disease Vulnerability
A preliminary epigenome-wide association study showed DNA methylation abnor-
malities in patients with PD, with association with several CpG sites across the 
genome [86]. Some studies investigated methylation of the genes corticotropin- 
releasing hormone receptor 1 (CRHR1) [87], glutamate decarboxylases (GAD67/65; 
GAD1/GAD2) and MAOA [88], which are crucially involved in the regulation of 
the stress response and/or in the pathogenesis of ADs, including PD.  Findings 
showed hypomethylation of these candidate genes, with a significant influence of 
sex and positive/negative life events for GAD1 and MAOA, suggesting that meth-
ylation of these genes may represent an epigenetic signature of the risk of PD.

 Prediction of Treatment Outcome
Only one study looked into MAOA methylation changes during the course of a 
6-week exposure-based CBT in PD [89]. The authors noted lower MAOA methyla-
tion in PD patients than in healthy subjects, which was associated with PD severity. 
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Furthermore, MAOA methylation increased up to the level of healthy controls along 
with CBT response, while non-responders had a further decline in methylation. The 
authors suggested that the reversibility of MAOA hypomethylation is a potential 
epigenetic marker of response to CBT.

 Summary

Almost all of the candidate biomarkers described above (i.e. neurotransmitters 
markers, physiological markers and structural and functional MRI patterns) distin-
guish PD patients and healthy subjects.

Among the biomarkers/endophenotypes reviewed, hypersensitivity to CO2 
remains the most promising, because of the clear evidence in predicting both vul-
nerability to PD and outcomes following pharmacological/psychotherapeutic 
treatments.

Although studies suggest the presence of noradrenergic and serotoninergic dys-
function in PD, it must be considered that the evidence is based on studies involving 
a range of relatively crude methodologies, which mostly applied indirect and 
peripheral measures. For instance, there is consistent evidence of an increased reac-
tivity to challenges of the noradrenergic system in PD. However, challenge studies 
in PD are subject to confounding, because the physiological and psychological 
response to the challenge may come from the amplification of bodily sensations, 
typical of patients with PD, rather than a noradrenergic dysfunction.

In neuroimaging studies, the central role of amygdala, in the pathophysiology of 
PD, is not consistently reported and its changes seem to depend on the stimuli 
employed and experimental paradigms. Current state of neuro-structural and func-
tional research in PD has underlined the role of multiple cortical and subcortical 
areas, comprising brainstem, insula, hypothalamus, ACC and lateral and medial 
parts of the PFC [49]. In particular, brainstem and insular regions seem to have a 
central role in the occurrence of PAs [46, 47].

There are more than 20 identified candidate genes for susceptibility to PD involv-
ing different neurotransmitter and neuropeptides. Unfortunately, in most of the 
studies, the small sample size renders it difficult to generalize, and the majority of 
findings of identified genes have not often been replicated in larger cohorts and in 
different populations.

Genetic variations thus far do not predict an individual’s responses to antidepres-
sants in PD patients. Moreover, the effectiveness of genetic prediction is affected by 
the paucity of the studies, the small sample sizes, the use of unsuitable measures of 
outcome and the impact of ethnic differences.

 Generalized Anxiety Disorder

GAD can be considered a chronic condition. The core feature of GAD is excessive 
and uncontrollable worry occurring alongside somatic and cognitive symptoms, 
such as restlessness, fatigue, muscle tension, difficulty concentrating, irritability 
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and sleep disturbances. It affects up to 6.2% of the general population and is the 
most prevalent AD described in primary care patients, where its prevalence is esti-
mated at 8% [90]. The impairment of functioning and quality of life is similar to that 
experienced by patients with MDD, arthritis and diabetes [91].

 Endophenotypes/Biomarkers

 Prediction of Disease Vulnerability

Neurochemical Biomarkers
In patients with GAD, analysis of serotonin (5-HT)-related biomarkers has found 
decreased 5-HT reuptake site binding platelets compared to controls [92], but not in 
lymphocytes [93]. Moreover, concentrations of 5-HT and 5-hydroxyindoleacetic 
acid (5-HIAA) in platelet-rich and platelet-poor plasma, as well as in lymphocytes, 
were within the normal range [93].

Peripheral markers of HPA axis activity, such as cortisol [94] and dehydroepian-
drosterone sulphate (DHEAS) and cortisol/DHEAS ratios, urinary free cortisol and 
plasma cortisol levels after a stressful test, did not show significant alterations com-
pared to normal controls [95]. The analysis of hair cortisol concentrations, which 
represented the long-term cortisol secretion independent of acute HPA axis 
responses, demonstrated up to 50–60% lower hair cortisol concentrations in patients 
with GAD compared with healthy subjects [96, 97]. This result is in agreement with 
the view that chronic anxiety – the core hallmark of GAD – may result in downregu-
lation of HPA axis activity.

Although there is some evidence for a link between neurotrophic factors and 
mood disorders, evidence is not consistent in patients with GAD; plasma levels of 
BDNF are similar to [98], higher [99] or lower [100] than normal controls.

Among inflammatory and immunological factors, studies have found increased 
level of C-reactive protein (CRP) [101, 102], plasma interleukin (IL)-10 and 
α-melanocyte-stimulating hormone (α-MSH), but no significant changes in IL-2A.

Cell-mediated immune functions, measured through the lymphocyte prolifera-
tive response to phytohaemagglutinin, IL-2 production and natural killer cell activ-
ity, were lower in patients affected by GAD than in healthy subjects [103].

Neuroimaging

SPECT Studies
Dopamine transporters (DAT) availability in the striatum and fronto-cortical 
GABAA receptors were significantly lower in patients with GAD in comparison 
with healthy subjects. Serotonin transporter (5-HTT) binding is unchanged in com-
parison to normal controls [27].

Structural MRI Studies
Larger right amygdala [104] and dorsomedial prefrontal cortical volumes [105] 
have been reported in women with GAD.
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Significantly greater grey matter volumes have been frequently found in the 
amygdala [106] and less frequently in the right putamen (with a positive correlation 
with childhood maltreatment) [107], basal ganglia and superior temporal pole [108].

White matter volumes were lower in the dlPFC of medication-free GAD subjects 
[108] and in the dlPFC, anterior limb of the internal capsule (ALIC) and midbrain 
in patients with GAD who had working memory dysfunction [108].

Functional MRI Studies
The BOLD imaging studies in GAD have focused on brain responses to facial 
expressions of negative emotions. Fear faces strongly activate limbic circuitry, 
including the amygdala and insula. The amygdala is well-known to mediate fear 
responses to an external stimulus and emotion perception [109]; the insula is 
involved in interoception, a process that provides information on changes in internal 
body signals.

Findings regarding amygdala function in GAD are mixed. In children and ado-
lescents with GAD, greater amygdala activation has been demonstrated in response 
to masked angry [110] or fearful faces [111]. However, in the latter study, amygdala 
hyperactivity was detected only when GAD adolescents were attending to their own 
fear in response to a fearful face, but not when attending to the emotional facial 
expression. In adults with GAD, some studies have observed hyperactive amygdala 
responses to processing fearful faces [112], whereas others have found lower amyg-
dala activation [113] or no differences [114].

To better understand amygdala function in GAD, it is important to disentangle 
stimulus anticipation and stimulus response processes. Adults with GAD showed 
greater anticipatory activity in the bilateral dorsal amygdala preceding both aversive 
and neutral pictures than did healthy controls. These findings suggested that patients 
with GAD may have an increased and indiscriminate anticipatory response to both 
pathology-specific and non-specific cues [114].

Some studies have investigated amygdala interactions with other brain struc-
tures, through the degree of synchrony of BOLD responses in two regions in inter-
action during one task condition relative to another. In patients with GAD, elevated 
amygdala-insula connectivity, during processing of fearful and/or angry versus 
happy facial expressions, supports the role of these regions in emotion processing 
and anxiety. However, studies demonstrated a variable pattern of prefrontal and 
limbic connectivity during the processing of facial affect, such as increased con-
nectivity among the amygdala, dorsomedial PFC (dmPFC) and dorsal ACC (dACC) 
or a deficient amygdala-ventral ACC (vACC) connectivity [115].

Imaging Genetics
Imaging genetics approaches seek to elucidate the relationship of genetic polymor-
phisms with physiological correlates of cerebral activity or connectivity.

Among the very few imaging genetic studies that have investigated GAD directly, 
Oathes, Hilt and Nitschke [116] reported that individuals who were S/L(G) carriers 
of the 5-HTTLPR-rs25531 showed less activity than their L(A)/L(A) counterparts 
in both the amygdala and anterior insula, in a paradigm designed to elicit activations 
in these neural areas during the anticipation of, and response to, unpleasant images.
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 Prediction of Treatment Outcome

Neuroimaging
Few fMRI studies have studied prediction of treatment outcome in GAD.

Higher pretreatment reactivity to fearful faces in the rostral ACC (rACC) and 
lesser reactivity in the amygdala predicted a favourable response to 8-week venla-
faxine treatment, in absence of any difference between patients and controls in neu-
ronal activation within these regions before treatment [114]. Patients with GAD 
with increased activity of the pregenual ACC, in anticipation of both aversive and 
neutral images, showed greater reductions in anxiety and worry symptoms after 
8  weeks of venlafaxine treatment [117]. These two studies suggest that ACC- 
amygdala responsiveness could be considered a possible predictor of antidepressant 
therapeutic response in patients with GAD. Finally, greater activation in cortico- 
limbic circuitry predicted better CBT response in mixed samples of patients with 
PD and GAD [118].

 Genetics

 Prediction of Disease Vulnerability
Given that GAD has a moderate genetic risk (heritability of approximately 30%), 
association studies have been pursued to identify chromosomal risk loci and suscep-
tibility genes for GAD.

Candidate gene studies have paid attention on serotonergic/catecholaminergic 
systems and neurotrophic signalling. The less active serotonin transporter (SLC6A4) 
polymorphic region (5-HTTLPR) s/s (with “s” indicating the short allele) genotype 
was found significantly more prevalent in Chinese patients with GAD compared 
with healthy subjects [12].

Genes for MAOA, SLC6A4 and, with the partial mediation of comorbidity with 
major depression, 5-hydroxytryptamine receptor 1A (5-HTR1A) have all been con-
sidered to be potentially implicated in the pathogenesis of GAD.

The less active Val66Met polymorphism of the functional BDNF gene has been 
associated with GAD susceptibility, along with an increase in serum BDNF levels 
in a Brazilian [119], but not Chinese Han, population [120, 121].

GWAS approach has targeted mainly GAD-related dimensional traits rather than 
GAD directly, on the basis of twin studies which have reported high genetic correla-
tions between GAD and GAD-related dimensional traits [122], in particular neu-
roticism [12].

 Prediction of Treatment Outcome
A large part of data on genetic treatment predictors in patients with GAD comes 
from studies derived from an open-label prospective trial with venlafaxine 
XR. These investigations have shown that carriers of the G-allele single-nucleotide 
polymorphism rs7997012 of the serotonin receptor 2A gene (HTR2A) had a supe-
rior response to venlafaxine XR [123], while carriers of the Met variant of the 
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COMT gene [124] and of SNP rs2856966 of the pituitary adenylate cyclase- 
activating polypeptide gene (PACAP) responded only slightly better [125]. 
Functional genetic polymorphisms in the dopamine active transporter 1 (DAT1) and 
dopamine receptor D2 (DRD2) did not impact response to venlafaxine XR in GAD 
[126].

Narasimhan et  al. [127] did not report any relationship between the BDNF 
Val66Met polymorphism and the therapeutic effect of 6-week treatment with venla-
faxine XR. BDNF Val66Met polymorphism was also not related to the efficacy of 
escitalopram (SSRI) and venlafaxine XR (SNRI) after 8 weeks of treatment in GAD 
[120].

 Summary

Despite the official status as a stand-alone diagnosis, the never-ending debate of 
whether GAD is truly a separate disorder or a possible expression of other disorder 
such as major depression may have contributed to the dearth of studies of possible 
markers of susceptibility or treatment response.

The studies on demographic and clinical characteristics, biological markers and 
genetics as possible predictors of treatment response have not yet yielded any robust 
findings.

Neuroimaging studies have shown that the pattern of limbic/prefrontal activation 
and connectivity is highly variable in patients with GAD, different from other ADs, 
in which this pattern is more consistent. Understanding the sources of this variabil-
ity will be essential in future investigation. These results preclude, at the moment, 
the use of neuroimaging data in predicting GAD vulnerability and the response to 
pharmacological or psychotherapeutic interventions. One possible exception is the 
pattern of ACC-amygdala responsiveness as a predictor of response to antidepres-
sants in GAD, though confirmatory studies are needed.

Thus far, genetic studies have not led to the discovery of GAD vulnerability 
genes. Due to the high phenotypic (and probably also etiological) heterogeneity of 
GAD categorical diagnosis, focusing on dimensional measures of anxiety-related 
endophenotypes, such as excessive worry, fear of uncertainty and neuroticism, 
might enhance detection of genetic risk variants.

 Social Anxiety Disorder

Patients with SAD are marked by a pervasive and often disabling fear, anxiety and/
or avoidance of social interactions and/or situations in that they are likely of being 
scrutinized. The cognitive ideation is of being negatively judged by others, by being 
embarrassed, humiliated or rejected, or being offended by others [2]. Its lifetime 
prevalence, reaching 13% in adults, is one of the highest among mental health dis-
orders [1]. SAD has a significant social and economic burden, because patients 
commonly have a reduced probability of marrying, a lower economic status and a 
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higher probability of employment termination [128]. SAD has serious economic 
implications for society, because of the loss of occupation productivity and costs of 
healthcare utilization [97, 129].

Clinical recommendation for treatment of SAD [130] suggests individual CBT 
as the first-step intervention for the treatment of SAD, because of its large effect 
sizes [131]. The available pharmacological treatments (i.e. SSRIs) are recom-
mended when patients decline CBT and express a preference for a psychotropic 
medication. Second-stage treatments, for patients who do not respond and/or do not 
tolerate side effects, mainly involve combination of SSRIs with individual CBT, 
offering alternative SSRIs or switching to SNRIs (i.e. venlafaxine) [130].

In accordance with a recent meta-analysis [132], about 60% of patients undergo-
ing CBT as monotherapy do not achieve remission at post-treatment or at follow-up. 
Unsatisfactory response rates were also found after initial pharmacological treat-
ment with SSRIs [133, 134], with about 37–47% of patients failing to respond, and 
after proposing second-stage strategies, with more than 50% of patients remaining 
refractory [135].

 Endophenotypes/Biomarkers

Up to now, available data do not allow to identify clear neurobiological and psycho-
physiological endophenotypes/biomarkers in SAD.  However, there are several 
promising candidates that deserve further examination.

 Prediction of Disease Vulnerability

Behavioural Inhibition
BI is a particular temperamental trait defined by a particular pattern of emotional 
and behavioural responses to unfamiliar people or unusual situations. Fearfulness, 
shyness, hypersensitivity to novel sensorial stimuli, proximity to attachment figures 
and caution or avoidance in facing unfamiliar people or situations reflect the core 
features of inhibited children [136, 137]. Such patterns can be identified early in 
childhood (i.e. 2 years of age or earlier) and overlap with several characteristics of 
SAD [138]. Furthermore, such patterns are associated with specific physiological 
responses. Inhibited children, compared with non-inhibited children, present with 
signs of greater physiological arousal at rest, as reflected by higher cortisol levels, 
and in reaction to novel situations, as indicated by higher HR and HR acceleration, 
poorer HR habituation, pupillary dilation and laryngeal muscle tension [138].

BI has been consistently reported as a possible endophenotype for the develop-
ment of SAD. Prevalence of lifetime social anxiety (i.e. DSM-IV social phobia or 
DSM-III-R avoidant disorder) has been found to be elevated twofold in inhibited 
children versus non-inhibited children, without association with other ADs [139]. 
Moreover, a meta-analysis of longitudinal studies [136] reported that a BI classifica-
tion in toddlers or early childhood augmented the risk of developing SAD during 
childhood or adolescence, independently from study differences in temperament 
assessment, control group, familiar risk and age at anxiety diagnosis.
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Blood or Other Peripheral Measures
A growing body of studies suggests that endocrine systems may be involved in the 
aetiology of SAD [140–142]. According to van Honk et al. [142], hormonal altera-
tions, often established early in life, by the interplay between biological and envi-
ronmental factors, may predispose to socially fearful, avoidant and submissive 
behaviour.

The developmental plasticity of the social brain, and thus of social behaviour in 
adulthood, critically depends on peptide or steroid hormones, such as the oxytocin 
(OXT) or testosterone (T) hormones. In rodents, OXT and T have shown prosocial 
and anxiolytic properties (i.e. facilitation of relational approach and maintenance of 
closeness, increase of social exploration, decrease of social anxiety and avoidance) 
[143]. Furthermore, there are some intriguing data showing that OXT and T levels, 
measured in plasma or saliva, are lowered in SAD [144–146].

Other neuroendocrine studies described possible imbalance of the HPA axis in 
SAD.  In line with animal models of submissiveness, enhanced cortisol stress 
responses have been found in SAD in comparison with healthy or PTSD subjects, 
with high cortisol responses being related to elevated social avoidance behaviours 
on a social approach-avoidance (AA) task in patients with SAD [140].

Neuroimaging
Although longitudinal studies offer a window on developmental changes and, thus, 
can uniquely inform on the aetiology of SAD, most of what we know about the 
mechanisms involved is solely based on cross-sectional studies [147].

In a recent critical overview, Cremers and Roelofs [140] reported that patients 
with SAD are characterized by (1) hyperresponsive emotion network, which 
includes the amygdala, the bed nucleus of the stria terminalis (BNST), several 
brainstem nuclei, the insula and the fusiform gyrus, both in response to social 
threatening stimuli and at rest; (2) a diminished cognitive control and emotional 
regulation network, which involves PFC regions, during socially stressful situa-
tions; (3) an excessively active and extensively connected default-mode network 
(DMN), which traditionally encompasses the posterior cingulate and medial pre-
frontal regions, both at rest and during self-referential processes; and (4) an active 
motivational system, which comprises a set of regions in the brainstem, striatum 
and medial PFC (mPFC) integral to mesolimbic dopaminergic activity, especially in 
obtaining nonsocial rewards and avoiding social punishment.

Some fMRI studies evaluated the neural signatures of risk of SAD testing the 
role of BI in functional activation and connectivity in the brain regions mainly 
involved in SAD. The investigators [148] found that inhibited subjects had more 
activation of a prefrontal network when anticipating viewing fear faces, relative to 
uninhibited subjects (similar activity was identified in the amygdala). Furthermore, 
a greater negative connectivity between the rostral ACC and the bilateral amygdala 
was found in inhibited subjects, while a greater ACC activation and functional con-
nectivity between the ACC and amygdala was found in those with fewer social anxi-
ety symptoms and better emotion regulation skills. Another study [149] examined if 
defects in brain reward systems, which was hypothesized to be the brain basis of BI, 
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were evident early in inhibited children who were susceptible to develop 
SAD.  Greater caudate activation and stronger striatal connectivity was found in 
high, compared to low, BI children, with a relationship between caudate activation 
and presence of social anxiety symptoms. The authors concluded that elevated stria-
tal responsivity reliably manifests among highly BI children as early as age 10, 
reflecting hypersensitivity to reward or excessive tendency to avoid errors.

Electroencephalography
A recent family study [150] investigated electrocortical endophenotypes of SAD 
during a social judgment task in which they believed to be social accepted or 
rejected. The feedback-related electroencephalogram (EEG) brain potentials (N1, 
FRN, P3) and theta power were tested as candidate endophenotypes, based on the 
criteria of familiar co-segregation of the disorder and heritability. Findings showed 
that increases in N1 in response to expected rejection feedback and in P3 in response 
to acceptance feedback might be candidates as electrocortical endophenotypes, 
although the heritability analyses were not significant after multiple testing correc-
tion. The authors suggested that increased N1 probably represents hypervigilance to 
socially threatening stimuli, and increased P3 might indicate that positive feedback 
is more important for, and/or less expected by, patients with SAD. Finally, increased 
feedback-related negativity and theta power in response to unexpected rejection 
feedback, compared to the other conditions, co-segregated with SAD, but without 
heritability of these EEG measures.

A study [151] on autonomic arousal [HR, HRV, electrodermal activity (EDA) 
and blushing] in children of parents with or without lifetime SAD found that chil-
dren at risk for SAD exhibited extreme blushing in socially challenging situations 
when compared to those of parents without SAD. Furthermore, children of parents 
with more social anxiety symptoms had heightened EDA throughout the tasks. At 
last, a reduction in HRV and increases in blushing and EDA were associated with 
more severe child social anxiety. A subsequent investigation by the same research 
group [152] similarly found enhanced EDA in children of parents with more severe 
SAD throughout the task phases. Furthermore, increased HR and reduced HRV dur-
ing the stranger approach and elevated EDA throughout the task procedures were 
associated with later development social anxiety in childhood (i.e. from 2.5 to 4.5 
years old).

 Prediction of Treatment Outcome

Blood or Other Peripheral Measures
Although there are no studies that have directly examined blood or other peripheral 
measures as predictors of treatment outcome, some preliminary studies, on the 
potential therapeutic use of OXT and T in patients affected by SAD or in those with 
severe levels of social anxiety, deserve attention.

Intranasal OXT administration has been reported to decrease and, thus, normal-
ize attention bias for emotional faces in highly social-anxious subjects [153]. 
Furthermore, OXT has been proposed as a complementary intervention to exposure 
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therapy for SAD. Patients administered intranasal oxytocin exhibited improvement 
of positive evaluations of appearance and speech performance as exposure sessions 
progressed, though these effects did not generalize to improve general outcome 
from exposure therapy (they may be either short term or situation specific) [154]. 
Similarly, T administration can reduce gaze avoidance [155] and attentional bias for 
social threat (i.e. angry faces) in females with SAD [156].

Neuroimaging
Several studies on neuroimaging predictors of treatment response, which largely 
comprises antidepressants and CBT, found the role of amygdala and other putative 
brain structures, particularly linked to emotional regulation, as candidate sites of 
action for therapeutic improvement in patients with SAD.

In one of the pioneer investigations in generalized SAD, Kilts et al. [157] explore 
neurocortical effects of 8 weeks of nefazodone. Social anxiety-related brain activa-
tions were compared before and after nefazodone. Findings demonstrated greater 
activity in the precentral gyrus, insula, midbrain/hypothalamus and middle frontal 
and anterior cingulate gyrus prior to treatment and greater activity in the left middle 
occipital and bilateral lingual gyri, postcentral gyrus, gyrus rectus and hippocampus 
following treatment. An analysis on treatment-related changes in symptom severity 
resulted in differential neural responses associated with symptom remission vs par-
tial response.

Exaggerated amygdala activation in patients with SAD, which was positively 
associated with symptom severity, appeared to decrease after successful outcomes 
of citalopram or CBT [70]. A recent review [158] highlighted that activity of amyg-
dala and other regions, including frontal structures (e.g. ACC, mPFC) and areas 
implicated in visual processes (e.g. occipital regions, superior temporal gyrus), pre-
dicted SSRIs/CBT outcomes in SAD and was altered following treatments. In par-
ticular, pretreatment functional connectivity between amygdala and frontal areas 
was shown to predict benefits; treatment, regardless of modality, produced reduc-
tions in amygdala reaction and altered functional connectivity in amygdala path-
ways. These findings were expanded by a recent meta-analysis focused on CBT 
outcomes in SAD, which confirmed the predictive role of amygdala and frontal 
regions (i.e. dlPFC and ACC) and indicated insula activity as a putative predictor of 
treatment response [71].

Electroencephalography
Few studies focused on electroencephalographic endophenotypes of treatment 
outcome.

In the investigation of Slaap et al. (1996) [159], a disturbed autonomic nervous 
system was found in non-responders to drug treatment (i.e. brofaromine or fluvox-
amine), who exhibited higher HR and BP levels compared with responders. 
However, these results were not replicated by Stein et al. [160] in their follow-up 
study. Two other preliminary studies [161, 162] investigated EEG activity and 
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coupling between EEG delta and beta oscillations in adults with a primary diagnosis 
of SAD following CBT. Findings showed that patients shifted significantly from 
greater relative right to greater relative left resting neural brain activity throughout 
the treatment. Greater left frontal EEG activity at pretreatment predicted substantial 
reduction in social anxiety from pre- to post-treatment and lower post-treatment 
social anxiety [162]. Furthermore, responders also showed a depletion in delta-beta 
coupling at rest and speech anticipation, suggesting a normalization of the EEG 
cross-frequency profiles with treatment [161]. Finally, in a more recent investiga-
tion [163], it was assessed whether vMMN amplitude, i.e. an event-related potential 
sensitive to violations of learned statistical contingencies, predicts attention bias 
modification (ABM) therapy outcome. Findings supported vMMN as a putative 
brain marker for contingency learning in ABM, because vMMN amplitude pre-
dicted clinical improvement after ABM treatment.

 Genetics

The pathophysiology of SAD and the mechanisms of action of pharmacological/
psychotherapeutic therapies remain mostly unknown. However, family, twin and, to 
a lesser extent, adoption studies contribute to the hypothesis that genetic factors 
may be involved both in susceptibility and response to treatment in SAD.

 Prediction of Disease Vulnerability
There is strong evidence that familiar aggregation of SAD has a crucial role in 
determining vulnerability for this disorder [164], though the familiar risk differs 
across ages. The heritability rate for SAD/social anxiety symptoms measured in 
children is approximately 54%, with the remaining variance attributable to environ-
mental influences. In contrast, a lesser estimate of genetic influences was found in 
adults (27%), with the most variance attributable to non-shared environmental influ-
ences (69%) [165].

Although there is a high genetic risk for susceptibility to SAD [166], genetic 
research on candidate genes is too meagre to draw conclusions. A strong focus has 
been posited on genetic polymorphisms associated with components of the sero-
toninergic (5-HT) and dopaminergic pathways; however, to date, evidence on their 
role is scarce [138, 167–169].

 Prediction of Treatment Outcome
Research on genetic predictors of response to treatment is scarce.

Variations in the 5-HTTLPR and in a regulator of G-protein signalling 2 (RGS2) 
genes have been implicated to the outcomes after 10–12 weeks of drug treatment 
with SSRIs in patients with SAD [170, 171]. However, no genetic polymorphisms 
(5-HTTLPR, COMTvall58met, BDNFval66met and TPH2 G-703T] predicted or 
moderated outcomes in a study on patients with SAD treated with CBT [172, 173].
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 Epigenetics

 Prediction of Disease Vulnerability
Applying a multilevel epigenetic approach, Ziegler et  al. [174] have examined 
whether OXT receptor (OXTR) gene methylation may play a role in categorical, 
dimensional and intermediate neuroendocrinological phenotypes of social anxiety. 
The investigators found that a significant decrease of OXTR methylation (particu-
larly at CpG Chr3: 8 809 437) was linked to (1) the categorical phenotype of SAD, 
(2) enhanced Social Phobia Scale (SPS) and Social Interaction Anxiety Scale 
(SIAS) scores, (3) enhanced cortisol response to the TSST and (4) enhanced amyg-
dala responsiveness during social anxiety-related verbal stimuli. The authors sug-
gested that OXTR methylation patterns might serve as peripheral surrogates of 
oxytocin tone and aid in establishing accessible biomarkers of SAD susceptibility. 
Another intriguing study [175] showed differences in epigenetic regulation of the 
OXTR gene methylation during detection of, and orientation to, social information 
in non-clinical individuals. A functional epigenetic modification of the OXTR 
methylation was related to increased response within – and reduced functional cou-
pling between – brain regions responsible for guiding attention to social informa-
tion during selective social attention tasks. The authors suggest that OXTR 
methylation, reflecting a decrease in the extent to which social information auto-
matically captures attention, may be implicated in regulation of social behaviour 
and social anxiety traits.

Growing evidence argues an interactional model, in which intrinsic factors, such 
as genetic predisposition, interplay with environmental factors, such as childhood 
trauma (CT), to increase susceptibility to SAD [138]. Higher rates of CT experi-
ences, particularly emotional abuse/neglect, have been reported in patients affected 
by SAD, in comparison with healthy subjects [176] and patients with other ADs (i.e. 
PD) [177]. Reinelt et al. [178], examining a specific diathesis-stress model of SAD, 
found that the l/l genotype of 5-HTTLPR, emotional abuse/neglect, female sex and 
younger age were all linked to increased risk for SAD.

 Summary

Although not prolific, the current literature on endophenotypes/biomarkers, genet-
ics and epigenetics in SAD offer hope toward early prediction of vulnerability of 
SAD and improvement of outcomes resulting from the available pharmacological/
psychotherapeutic interventions. First, among the clinical endophenotypes, BI has 
been consistently recognized as playing a prominent role in development of 
SAD.  Second, studies on neurobiological endophenotypes found that particular 
neural activity in regions primarily devoted to emotion control and/or regulation 
(e.g. amygdala, brainstem, insula, ACC and PFC) may be indicative of disease vul-
nerability or predictive of negative treatment outcomes. Third, some preliminary 
electroencephalographic findings show that particular EEG activity and autonomic 
arousal (e.g. HR, HRV, EDA) may reflect the risk of developing SAD or failing to 
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respond to pharmacological/CBT treatments. Furthermore, research on blood or 
other peripheral measures, even if at an early stage, give intriguing inputs that dys-
regulations in hormonal systems, particularly related to OXT, T and the HPA axis, 
may be implicated in vulnerability and treatment response of SAD. Finally, although 
genetic and epigenetic studies can only give some preliminary cues, it makes sense 
that some genetic polymorphisms (e.g. 5-HTTLPR) and epigenetic mechanisms 
(e.g. OXTR methylation and CT) should receive further investigation in prediction 
of vulnerability and treatment outcome in SAD.

 Conclusions and Future Directions

Despite significant efforts expended into finding possible indicators of susceptibil-
ity for ADs, no result is robust enough to be considered acceptable to incorporate in 
the clinical practice. Why is this the case?

First, given that ADs develop from complex interaction between biological and 
environmental factors, it is implausible that a single biomarker might capture the 
multifaceted pathogenesis. A clearly multimodal approach based on a combination 
of different biomarkers will likely be implemented. At a more general level, more 
fruitful recent paradigms shift from a reductionist perspective toward a multiple 
biological system-based approaches. These approaches investigate complex pheno-
types, such as psychiatric disorders, by combining mathematical models, molecular 
information from in vitro/in vivo/in silico studies, and multi-omics data.

Second, the diagnostic taxonomy of mental disorders, as introduced by DSM and 
ICD, is only partially useful for personalized psychiatry, as it does not take into 
account all experimental findings regarding neurobiological and behavioural sys-
tems involved in mental disorders. To address this limitation, the National Institute 
of Mental Health initiated the Research Domain Criteria (RDoC) project. This 
ongoing project is aimed to establish a classification system for mental disorders 
based on neurobiological findings and behaviours, integrating biomarkers, neuro-
psychological assessment and brain imaging data. Currently, no results translatable 
to clinical practice are available.

Third, although the use of neuroimaging techniques, such as volumetric and 
functional MRI, may hold promise for advancing personalized psychiatry, several 
methodological limitations such as small study populations, comorbidities, vari-
ability in neuroimaging protocols, medication confounders and poor study design 
account for inconsistent and non-reproducible findings. The ENIGMA (Enhancing 
Neuroimaging Genetics through Meta-Analysis) network is now managing to over-
come some of these limitations through an imaging genomics consortium.

Finally, although GWAS has provided a powerful approach to address the main 
limitations of studies on putative genes, the susceptibility genes that have been 
found are not of diagnostic or predictive value in ADs, though polygenic risk factor 
scores may represent a significant advance. In order to obtain reliable results, large 
biological samples, collected on the basis of international cooperation of genetic 
researchers and analysed with the new methods of joint analysis, are needed.  
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In recent years, several statistical methods have been introduced to detect association 
using multiple phenotypes simultaneously. Traditionally, GWAS have been performed 
on individual phenotypes, but, to study complex diseases, several phenotypes related 
to each disorder should be taken into account and jointly analysed for increasing the 
chance of detecting variants with weak genetic effects.

As with research in other mental disorders, such as depression, there are still no 
neurobiological, genetic or epigenetic predictors of sufficient clinical utility to 
inform the selection of a specific pharmacological or psychotherapeutic treatment, 
or a compound, for an individual patient. Similarly, clinical characteristics of ADs, 
such as clinical subtypes and anxiety-relevant endophenotypes, have a marginal role 
in predicting disease vulnerability or treatment response. The Coordinated Anxiety 
Learning and Management (CALM) [179] study has offered a unique possibility to 
compare socio-demographic and clinical predictors between ADs undergoing simi-
lar baseline assessment and treatment in a primary care setting. The study has dem-
onstrated that, across multiple ADs, low socioeconomic condition was related to 
worse outcomes and positive treatment expectancy/belief in self-efficacy with treat-
ment response. SAD showed different predictors of treatment outcome compared 
with the other ADs, primarily including measures of perceived social support.

Current biomarker research progression is shifting toward the proteins that are 
the true effectors of physiological functions.Proteomics is the study of any protein 
expressed by a given cell, tissue or organism at a particular time under known and 
determined conditions and includes the modification of proteins under the influence 
of certain internal and environmental factors. Proteomic biomarker research is an 
area with enormous potential for easy accessibility of the source (blood, urine and 
saliva) of putative proteomic biomarker candidate, though the relationship of such 
findings to CNS processes remains to be determined.
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 Introduction

A well-established phenomenon is that anxiety and trauma and stressor-related dis-
orders disproportionately affect women [1]. For instance, women are over twice as 
likely as men to be diagnosed with post-traumatic stress disorder (PTSD) in their 
lifetime (male/female prevalence ratio 1:2.69). Lifetime prevalence rates of other 
anxiety disorders, such as generalised anxiety disorder (male/female prevalence 
ratio 1:1.83), panic disorder (male/female prevalence ratio 1:1.70) and specific pho-
bia (male/female prevalence ratio 1:1.96), are also significantly higher among 
women compared to men [2]. Additionally, anxiety disorders in women are associ-
ated with greater symptom severity and chronicity, higher rates of comorbidity and 
a higher burden of disease compared to men [2, 3].

Notably, sex differences in the prevalence of anxiety disorders appear to emerge 
after puberty (but see Anderson and colleagues [4] for evidence of sex differences 
emerging during childhood) and cease postmenopause [5–8]. Fluctuations in the 
prevalence of anxiety disorders in women also occur at other points in their repro-
ductive life span. For instance, while pregnancy was previously thought to be a 
protective factor against the development of anxiety disorders, recent statistics indi-
cate that the prevalence of anxiety disorders among pregnant women may be similar 
to, if not greater than that of, nonpregnant women [9]. Moreover, rates of gener-
alised anxiety disorder and obsessive-compulsive disorder are significantly higher 
among postpartum women compared to the general population [10]. This is of con-
cern not only due to the impact of having an anxiety disorder on the mother but also 
due to its impact on the development and well-being of the child [11]. Fluctuations 
in the prevalence of anxiety disorders across different stages of the female 
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reproductive life span indicate that sex hormones may be involved in the aetiology 
and maintenance of such disorders.

Given the high prevalence of anxiety disorders in women, it is important to 
ensure that current treatments are optimised for women, taking into account poten-
tial impacts of sex and sex hormones on treatment outcomes. Currently, cognitive 
behavioural therapy (CBT) is the gold-standard treatment for anxiety disorders, 
with numerous clinical studies and randomised controlled trials demonstrating the 
short-term efficacy and effectiveness of this treatment [12, 13]. However, despite 
the overall success of CBT, it is notable that a significant minority of patients either 
fail to respond to treatment or experience relapse following treatment [14]. This has 
prompted increased research into the neurobiological mechanisms underlying the 
treatment of anxiety, with the view that such research may provide insight into how 
treatment outcomes can be optimised [15]. To date, however, the majority of animal 
studies examining the neurobiological mechanisms underlying the treatment of 
anxiety have only included male subjects or have failed to take into account the 
hormonal status of female subjects [16]. A more comprehensive understanding of 
the hormonal and neurobiological mechanisms underlying the treatment of anxiety 
in females may be helpful in developing more effective treatments for this popula-
tion and will therefore serve as the focus of the current chapter.

 Laboratory Models of Anxiety and Its Treatment

Our current understanding of the mechanisms underlying the development and 
treatment of anxiety in females is primarily based on laboratory models, including 
Pavlovian fear conditioning and extinction. During Pavlovian fear conditioning, a 
neutral stimulus (conditioned stimulus, CS) is paired with an aversive outcome 
(unconditioned stimulus, US). In cued fear conditioning, the CS is a discrete cue 
(e.g. tone), whereas in contextual fear conditioning, the CS refers to a specific con-
text. After a number of paired CS-US presentations, the CS alone elicits a condi-
tioned fear response (CR) as subjects learn that the CS predicts the US. Freezing, 
defined as the absence of all movement aside from that which is required for respira-
tion [17], is a commonly measured fear response in rodents. In humans, fear 
responses are often measured using differential skin conductance responses (SCR), 
whereby the subject shows higher SCR responses to a neutral stimulus (CS+) that 
has been paired with a US compared to an unpaired stimulus (CS−). The fear 
responses produced by fear conditioning mimic the symptoms exhibited by indi-
viduals with an anxiety disorder [18].

CS-elicited fear responses that occur as a result of fear conditioning can be 
diminished by repeatedly presenting subjects with the CS in the absence of the 
US. This process is known as Pavlovian fear extinction. During extinction training, 
subjects learn that the CS no longer predicts the US, thus causing fear responses to 
subside over training [19]. Within-session extinction refers to the decrement in con-
ditioned responding that takes place over the course of extinction training. As with 
conditioning memories, extinction memories must undergo consolidation in order 
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to be retained. This time-dependent process involves molecular and neurological 
changes that facilitate the long-term stability of the memory [20]. Subjects’ memory 
of extinction can be tested by measuring their fear responses to the CS at a later time 
(extinction recall). High levels of conditioned responding during recall reflect poor 
consolidation or poor retrieval of the extinction memory.

Fear extinction is a useful model for understanding both the underlying pathol-
ogy and the treatment of anxiety disorders. Impairments in extinction acquisition 
and extinction recall are thought to partly contribute to the excessive fear that is 
characteristic of anxiety disorders. Indeed, such impairments have been demon-
strated in laboratory studies of a number of anxiety and trauma and stressor-related 
disorders, including PTSD, social anxiety disorder and panic disorder [21–24]. 
Impaired fear extinction may represent a number of dysregulated processes among 
those with an anxiety disorder, such as poor emotion regulation capacity [25] or 
poor safety learning (i.e. the persistence of fear responses in the presence of cues 
signalling safety; [26]). Understanding the neurobiological mechanisms underlying 
fear extinction can therefore provide insight into dysfunctional processes that may 
contribute to the development and maintenance of anxiety disorders.

Fear extinction models not only the underlying pathology of anxiety disorders 
but also their treatment. Specifically, fear extinction is a laboratory model for expo-
sure therapy, a key component of CBT that involves repeatedly presenting patients 
with anxiety-provoking stimuli in the absence of feared outcomes [27]. Over 
repeated exposures, patients exhibit reduced anxiety as they learn that the feared 
stimuli are, in fact, safe. Since fear extinction serves as a laboratory model for expo-
sure therapy, an understanding of the processes underlying the acquisition and recall 
of fear extinction may allow for improved exposure therapy outcomes. For instance, 
an understanding of the neurobiology of fear extinction may aid the development/
identification of pharmacological adjuncts that enhance the learning that takes place 
during exposure [28]. Importantly, it is also necessary to consider whether proposed 
pharmacological adjuncts to exposure therapy are equally effective in both sexes, 
particularly given that the neurobiology of fear extinction may be sex-specific, as 
will be examined below.

 Hormonal Contributions to Fear Extinction in Females

As noted earlier, the prevalence of anxiety disorders among women fluctuates across 
the reproductive life span, indicating that sex hormones may be involved in the 
aetiology and maintenance of such disorders. The two major sex hormones in 
women are oestrogens and progesterone. Estradiol (the primary form of oestrogen) 
and progesterone co-fluctuate during a woman’s menstrual cycle, with low levels of 
these hormones seen during the early follicular phase and high levels of these hor-
mones seen during the mid-luteal phase [29]. In rodents, estradiol and progesterone 
levels are low during the metestrus phase, and high during the proestrus phase of the 
estrous cycle [30]. In the past decade, there has been a growing literature indicating 
that fluctuations in levels of estradiol and progesterone across the estrous/menstrual 
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cycle influence fear extinction in both female rodents and women, as will be 
described below.

The current literature examining the role of sex hormones in fear extinction has 
consistently demonstrated that estradiol facilitates the consolidation of extinction 
memories in females. While female rats extinguished during the metestrus (low 
estradiol) phase of their estrous cycle show impaired extinction recall, this impair-
ment is not evident in female rats extinguished during the proestrus (high estradiol) 
phase of their cycle [16, 31–35]. Systemic administration of estradiol or selective 
oestrogen receptor agonists pre- or post-extinction training improve extinction 
recall [16, 35–40], while systemic administration of an oestrogen receptor antago-
nist pre-extinction training impairs extinction recall [16], suggesting that estradiol 
not only enhances but is also necessary for fear extinction.

The enhancing effect of both endogenous and exogenous estradiol on fear extinc-
tion has also been demonstrated in healthy and clinical samples of naturally cycling 
women [33, 38, 40–45]. For instance, it has been shown that both spider phobic and 
healthy women extinguished during periods of low estradiol demonstrate impaired 
extinction recall, while phobic and healthy women extinguished periods of high 
estradiol do not demonstrate such impairments [41]. Moreover, Glover and col-
leagues [43] demonstrated that women with PTSD who undergo extinction during 
periods of low estradiol exhibit significantly higher levels of fear-potentiated startle 
during extinction training compared to women undergoing extinction during peri-
ods of high estradiol. However, it is of note that Pineles and colleagues [46] found 
that women with PTSD exhibited poor extinction recall when extinguished during 
the mid-luteal phase (typically associated with high estradiol levels) compared to 
the early follicular phase (typically associated with low estradiol levels). Opposite 
findings were made in trauma-exposed women without PTSD.  However, when 
absolute hormone levels were analysed in place of menstrual phase, results indi-
cated that fear extinction was most impaired at times of low estradiol and high 
progesterone among women with PTSD and times of low estradiol and low proges-
terone among healthy women.

As discussed earlier, estradiol and progesterone co-fluctuate across a female’s 
estrous or menstrual cycle. However, the increase in progesterone levels observed 
during proestrus in rats and the mid-luteal phase in women occurs shortly after the 
increase in estradiol levels. When progesterone levels reach their peak, levels of 
estradiol rapidly decline as a female begins to move into metestrus or the early fol-
licular phase [47, 48]. Studies examining the involvement of progesterone in fear 
extinction in females have yielded inconsistent findings. A number of studies have 
shown no involvement of progesterone in fear extinction in female rats and women 
[36, 38, 42, 49], while other studies have demonstrated that progesterone may facili-
tate fear extinction. For instance, Milad and colleagues [16] demonstrated that 
impairments in extinction consolidation associated with extinguishing female rats 
during metestrus (low estradiol/progesterone phase) can be overcome with pre- 
extinction administrations of progesterone. They also found that pre-extinction 
administration of a progesterone receptor antagonist significantly decrease the high 
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levels of extinction recall that are normally observed when a female is extinguished 
during proestrus [16]. Given that increases in estradiol precede increases in proges-
terone during proestrus, it is possible that progesterone regulates fear extinction in 
females through its interaction with estradiol. Indeed, Graham and Daher [34] dem-
onstrated that progesterone initially potentiates, before rapidly reversing the enhanc-
ing effects of estradiol on fear extinction in ovariectomised rats, thus suggesting that 
both sex hormones are critical in modulating fear extinction in females.

Further support for the notion that estradiol and progesterone regulate fear 
extinction in females comes from studies examining the effect of hormonal contra-
ceptive pills on fear extinction. Combined oral contraceptive pills, which are used 
by at least 100 million women worldwide [50], inhibit ovulation by reducing the 
production of ovarian estradiol and progesterone [51]. Women using this form of 
contraception therefore experience reduced levels of these hormones [52]. The 
chronically low levels of oestrogens resulting from the use of hormonal contracep-
tives have been shown to result in impaired extinction recall [40, 49] and an impaired 
ability to discriminate between the CS+ and CS− after extinction training [53] 
among women. Graham and Milad [40] further demonstrated that impairments in 
extinction recall associated with the use of hormonal contraceptives could be allevi-
ated by administering selective oestrogen receptor agonists or terminating the use of 
hormonal contraceptives prior to extinction training in rats. Together, the findings 
reviewed above suggest that low levels of estradiol and progesterone resulting from 
the use of hormonal contraceptives may impair fear extinction in female rats and 
women.

Given that fear extinction forms the basis of exposure therapy, one may predict 
that exposure therapy outcomes in women are also dependent on estradiol and/or 
progesterone levels. Indeed, there is preliminary evidence in support of this predic-
tion in women with spider phobia [54]. In this study, spider phobic women under-
went a single session of exposure therapy. Women who underwent exposure while 
using hormonal contraceptives exhibited higher behavioural avoidance of spiders 
(as measured using a task in which participants were required to approach a live 
spider) compared to naturally cycling women at both post-treatment and follow-up, 
despite not demonstrating any differences in avoidance pre-treatment. Avoidance of 
phobic stimuli is a defining symptom of anxiety disorders (American Psychiatric 
[55]). Graham and colleagues [54] also found that women using contraceptive pills 
exhibited slower improvement in symptoms across the exposure session and partici-
pated in fewer self-initiated exposure tasks post-treatment. Moreover, correlational 
analyses across the whole sample demonstrated that estradiol levels were positively 
correlated with improvement in symptoms across the exposure session and nega-
tively correlated with self-reported spider fear and behavioural avoidance at post- 
treatment. Together, such findings indicate that low estradiol levels, particularly 
from the use of hormonal contraceptive pills, may be associated with reduced 
responsiveness to exposure therapy.

In summary, both preclinical and clinical studies have demonstrated that the sex 
hormones estradiol and progesterone may be involved in fear extinction in females. 
Estradiol, in particular, appears to be necessary for fear extinction in this population. 
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Low levels of estradiol either from cyclic fluctuations or the use of contraceptive 
pills are likely to impair fear extinction and, potentially, exposure therapy 
outcomes.

 Potential Mechanisms by Which Estradiol Facilitates Fear 
Extinction

As reviewed above, there is a substantial body of evidence to suggest that estradiol 
enhances fear extinction in females. It is possible that estradiol enhances fear extinc-
tion by regulating activity in the neural fear circuit. When female rats are adminis-
tered estradiol immediately pre- or post-extinction training, there is increased 
activity in the infralimbic (IL) subregion of the prefrontal cortex (PFC) at extinction 
recall [37, 38]. Similarly, women extinguished during the high estradiol phase of 
their menstrual cycle show higher activation of the ventromedial PFC (the func-
tional homologue of the IL in humans) and the hippocampus during extinction 
recall compared to those extinguished during the low estradiol phase of their cycle 
[38, 56]. Increased activation of the IL and hippocampus are associated with lower 
fear responses during extinction recall in adult male rats [57]. Additionally, high 
endogenous estradiol has been shown to be associated with reduced activity in the 
lateral nuclei of the amygdala [58], while administration of estradiol prior to extinc-
tion training has been shown to reduce activity in the amygdala during extinction 
recall [38]. The amygdala is a key structure involved in the acquisition, storage and 
expression of fear conditioning memories [59]. Together, these findings indicate 
that estradiol may enhance fear extinction by increasing activity in brain regions 
involved in fear inhibition and reducing activity in brain regions involved in fear 
expression.

One way in which estradiol may alter activity in the brain regions involved in 
fear extinction is through its effect on N-methyl-D-aspartate (NMDA) receptors. In 
adult male rats, studies have consistently demonstrated that NMDA receptors are 
critically involved in the acquisition and consolidation of extinction memories [28, 
60]. The pharmacological blockade of NMDA receptors prior to or immediately 
after extinction training impairs extinction recall [61–65], while administration of 
an NMDA receptor agonist immediately post-extinction enhances extinction recall 
[66, 67]. Recently, we have shown that the pharmacological blockade of NMDA 
receptors prior to extinction training also impairs extinction recall in female rats 
[68], indicating that the activation of these receptors may be required for fear extinc-
tion in females, as it is in male rats.

The dependence of fear extinction on both estradiol [16] and NMDA receptors 
[68] in females suggests that estradiol might enhance the consolidation of extinction 
through its interactions with NMDA receptors. When administered onto hippocam-
pal brain slices, estradiol increases NMDA receptor expression, binding and phos-
phorylation and the amplitude of NMDA receptor-mediated excitatory postsynaptic 
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potentials [69–73]. Estradiol also increases the magnitude of long-term potentiation 
(LTP) via increasing NMDA receptor transmission in the hippocampus [74]. LTP is 
a process that involves the strengthening of synapses following instances of learning 
and other forms of stimulation and is thought to be one of the ways in which memo-
ries are formed in the brain [75]. NMDA receptors have been heavily implicated in 
LTP. The molecular cascade that follows the activation of these receptors results in 
gene transcription and structural and functional changes that allow for the strength-
ening of synapses [76]. Based on the literature reviewed above, it is possible that 
estradiol enhances the consolidation of fear extinction in females by upregulating 
NMDA receptor activity and subsequent NMDA receptor-mediated LTP. Consistent 
with this notion is research demonstrating that the blockade of NMDA receptor 
activity inhibits estradiol-induced improvements in other memory tasks, such as the 
object recognition task [77, 78].

Estradiol may enhance fear extinction not only through its effects on cell activity 
but also through its effects on dendritic spine density. Dendritic spines are the 
microscopic projections on a neuron’s dendrites that receive synaptic input from 
other neurons and are thought to be the storage site for synaptic plasticity [79]. 
There is evidence to suggest that both endogenous and exogenous estradiol increase 
dendritic spine density in various parts of the neural circuitry. For instance, hippo-
campal dendritic spine density is high during proestrus and low during metestrus 
[80–82]. Moreover, ovariectomy is associated with a decrease in hippocampal den-
dritic spine density  – an effect that is reversed following oestrogen replacement 
[83–86]. Estradiol-induced spinogenesis has also been found in the PFC and amyg-
dala [87–90]. Since dendritic spine density in the frontal association cortex during 
extinction is positively correlated with levels of extinction recall [91], it is possible 
that estradiol facilitates extinction consolidation through its effect on these micro-
scopic projections. Graham and Daher [34] provided indirect evidence in support of 
this premise by examining the effect of different oestrogen and progesterone 
replacement regimens on extinction consolidation in ovariectomised female rats. 
The oestrogen replacement regimens they used produced high or low dendritic 
spine densities at different time points, as demonstrated by Woolley and McEwen 
[92]. Extinction consolidation was enhanced when rats were extinguished during 
periods of high dendritic spine density and impaired when rats were extinguished 
during periods of low dendritic spine density. Estradiol-induced increases in den-
dritic spine density are dependent on NMDA receptor activation [93]. It therefore 
follows that the enhancements in fear extinction that are typically observed when 
ovariectomised rats are given an oestrogen replacement regimen that produces high 
dendritic spine densities are diminished when an NMDA receptor antagonist is 
administered alongside this regimen [39]. Such findings provide further support for 
the notion that estradiol may facilitate fear extinction in females through its effect 
on NMDA receptors. Continued focus on the mechanisms by which estradiol facili-
tates extinction may help to develop novel means of improving exposure therapy for 
women via hormonal manipulations.
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 The Impact of Reproductive Experience

While it is promising that the last decade has seen a growing interest in the mecha-
nisms underlying fear extinction in females, it is of note that the existing literature 
is limited by the fact that most animal studies examining fear extinction only use 
reproductively inexperienced subjects. Moreover, most human studies have used 
young women, aged 18–30, whose reproductive status is unknown. This problem-
atic given that 84% of women will become mothers by the age of 44 [94]. 8–12% of 
these women will experience an anxiety disorder during the postpartum period [95], 
and an unknown percentage of these women will experience an anxiety disorder 
after the postpartum period. As will be outlined below, pregnancy and motherhood 
are times of vast hormonal, neural and behavioural change. Many of these changes 
persist long after weaning and may alter the mechanisms by which reproductively 
experienced females regulate fear.

 Hormonal Changes Associated with Reproductive Experience

Pregnancy and motherhood are times of profound hormonal change. The most dis-
tinguishing hormonal feature of pregnancy relates to changes in levels of estradiol 
and progesterone. Levels of both of these hormones increase continually throughout 
pregnancy in both female rats and women [96]. Specifically, there is a 100-fold 
increase in estradiol production and a 20-fold increase in progesterone production 
across the course of pregnancy [96]. Importantly, a female will not be exposed to 
such an extended surge in levels of these hormones at any other time in her life. 
Levels of both estradiol and progesterone decrease dramatically following parturi-
tion, returning to pre-pregnancy levels by the fifth postpartum day in women [97]. 
There is also research demonstrating that there are long-term changes to endoge-
nous estradiol levels post-weaning. For example, rodent studies have shown that 
reproductive experience significantly reduces levels of circulating estradiol during 
proestrus [33, 98]. Similar findings have also been made in women [99].

Pregnancy and motherhood are also associated with changes in levels of other 
hormones, including oxytocin and glucocorticoids. Levels of both of these hor-
mones increase over the course of pregnancy, before drastically decreasing follow-
ing parturition [96, 100, 101]. However, there are brief increases in oxytocin levels 
in response to suckling during the postpartum period [96]. There is a substantial 
body of evidence showing that both oxytocin and glucocorticoids are involved in 
fear extinction. For instance, pre-extinction administrations of oxytocin facilitate 
extinction learning in male rodents [102] and extinction consolidation in humans 
[103]. Moreover, pre-extinction administrations of glucocorticoid receptor agonists 
improve extinction recall in male rodents, whereas glucocorticoid receptor antago-
nists block extinction recall [104]. The administration of glucocorticoids prior to 
exposure therapy in humans has also been found to reduce fear responses at post- 
treatment and follow-up [105].

S. Tang and B. M. Graham



531

Given that the hormonal milieu of pregnancy and motherhood is largely charac-
terised by the presence of hormones known to play a role in facilitating fear extinc-
tion, it is possible that such experiences will alter the characteristics of fear 
extinction. For instance, changes in levels of estradiol and progesterone both during 
and after pregnancy may alter the involvement of these hormones in fear extinction 
in mothers. Evidence in support of this premise will be reviewed later in this 
chapter.

 Neurological Changes Associated with Reproductive Experience

The hormonal changes accompanying pregnancy and motherhood result in vast 
morphological changes in the female brain. Such changes are apparent not only in 
brain structures involved in maternal behaviour but also in areas associated with 
learning, memory and anxiety [106]. For instance, Lemaire and colleagues [107] 
found that both NMDA and non-NMDA receptor-mediated LTP in the CA1 region 
of the hippocampus are enhanced in primiparous (one prior reproductive experi-
ence) females compared to nulliparous (virgin) females. Moreover, Tomizawa and 
colleagues [108] found evidence to suggest that motherhood reduces the threshold 
for LTP induction in the hippocampus.

In addition to inducing functional changes in the hippocampus, pregnancy and 
motherhood are also associated with morphological changes in this brain region. 
Late-pregnant females, lactating mothers and multiparous (more than one reproduc-
tive experience) females exhibit higher dendritic spine density in the CA1 region of 
the hippocampus compared to nulliparous females tested during both the high and 
low estradiol phases of their estrous cycle [109, 110]. Such increases in dendritic 
spine density are also evident in ovariectomised rats treated with a pregnancy- 
mimicking hormone replacement regimen consisting of estradiol and progesterone 
[110], demonstrating that these hormones play a key role in motherhood-induced 
neurological changes. Increases in spine density associated with reproductive expe-
rience are also observable in other parts of the neural fear circuit, including the 
medial PFC and the amygdala [111, 112].

Reproductive experience has also been shown to alter the expression and activity 
of oestrogen receptors. For instance, Byrnes and colleagues [113] demonstrated that 
the expression of oestrogen receptors differs between nulliparous and primiparous 
females across various brain regions, including the medial preoptic area and the 
medial amygdala. They also found that primiparous rats require a higher dose of 
estradiol to elicit an increase in prolactin levels compared to nulliparous rats, sug-
gesting that oestrogen receptor sensitivity may decrease following reproductive 
experience [98]. Further supporting this idea is the finding that while a low dose of 
estradiol biases nulliparous females towards using response memory over place 
memory, no such effect is detected in primiparous females [114]. However, it has 
also been shown that 17α-estradiol, 17β-estradiol and estrone each trigger signifi-
cant increases in hippocampal cell proliferation in multiparous rats, but not in nul-
liparous rats [115]. Moreover, Byrnes and colleagues [116] demonstrated that the 
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administration of an oestrogen receptor-alpha agonist reduces anxiety-like behav-
iour on the elevated plus maze in primiparous females, but not nulliparous females. 
It is therefore possible that reproductive experience alters the function of oestrogen 
receptors, rather than their sensitivity.

 Behavioural Changes Associated with Reproductive Experience

The hormonal and neurological changes accompanying pregnancy and motherhood 
are reflected in the behaviour of parous females [117]. This is particularly true of 
tasks involving the hippocampus and the amygdala – brain structures that, as dis-
cussed earlier, undergo anatomical and functional modifications as a result of repro-
ductive experience. For instance, mothers have been found to show enhanced spatial 
working and reference memory, outperforming virgins in such tasks as the dry land 
maze, Morris water maze and radial arm maze [107, 118–120]. Importantly, these 
enhancements persist long after weaning [107, 118]. Pregnancy and motherhood 
also augment females’ performance in the object placement and object recognition 
tasks, both of which involve the hippocampus [83, 121]. Multiparous rats spend 
significantly more time with an object placed in a novel location, and more time 
with a novel object, than nulliparous rats [122, 123].

Parous females also differ from nulliparous females in their behavioural response 
to stress and anxiety-provoking situations. Compared to nulliparous females, parous 
females show decreased fearfulness, evident by the greater amount of time they 
spend in the open arms of an elevated plus maze and their reduced anxiety-like 
behaviour in an open field [107, 118, 124–127]. Additionally, the effect of stress on 
learning that is observed in nulliparous females is absent in parous females [128]. 
When nulliparous rats are exposed to an acute stressor, they show impairments in 
subsequent associative eyeblink conditioning. Parous females, however, show a 
resistance to the effect of stress on learning, even long after they have given birth 
[129]. This effect is not evident in parous females who were separated from their 
pups at birth, but is evident in nulliparous females that fostered pups, suggesting 
that mothering alone plays an essential role in facilitating enhanced learning. 
Attenuated stress responses among parous females may be attributable to functional 
changes in the brain following pregnancy and motherhood. Specifically, it has been 
demonstrated that primiparous (one prior reproductive experience) and multiparous 
females show reduced activity in the basolateral amygdala and CA3 region of the 
hippocampus after being exposed to an anxiety-provoking situation, as compared to 
nulliparous females [125].

 The Impact of Reproductive Experience on Fear Conditioning 
and Extinction

The vast and persistent hormonal, neurological and behavioural changes associated 
with pregnancy and motherhood raise the possibility that fear conditioning and 
extinction may differ between mothers and non-mothers. Currently, the limited 
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studies examining the effect of reproductive experience on fear conditioning show 
mixed results. A study by Rima and colleagues [130] found that parous females 
show lower levels of conditioned fear compared to nulliparous (virgin) female rats. 
Such results may suggest that reproductive experience increases a female’s resil-
ience to developing an anxiety disorder. However, Milligan-Saville and Graham 
[33] demonstrated no differences in fear conditioning between nulliparous and pri-
miparous females, evident by similar levels of freezing during fear conditioning, 
and at the beginning of extinction training between these groups. Contrastingly, 
Tang and Graham [68] found that primiparous females showed enhanced fear con-
ditioning relative to nulliparous females. Given these mixed findings, further inves-
tigations into the impact of reproductive experience on fear conditioning are 
necessary.

Changes associated with pregnancy and mothering have also been shown to 
affect the features of fear extinction in females. Specifically, it has been shown that 
while estrous phase affects fear extinction in nulliparous female rats (i.e. these rats 
show impaired extinction recall when extinguished during metestrus), it has no such 
effect in primiparous female rats. Primiparous females extinguished during metes-
trus show comparable levels of extinction recall to those extinguished during proes-
trus [33, 131]. Similar findings have been observed in women, whereby there is a 
positive correlation between estradiol levels and extinction recall in non-mothers, 
but no such correlation in mothers [33]. These findings indicate that fear extinction 
may be estrous-dependent in females without prior reproductive experience, but not 
in females with prior reproductive experience.

In addition to differences in the hormonal features of fear extinction, nulliparous 
and primiparous females differ in their behavioural features of fear extinction. 
Nulliparous female rats extinguished during proestrus showed fear relapse when 
presented with the CS outside of the extinction context (renewal) and when exposed 
to an unsignalled presentation of the US (reinstatement). Primiparous females, how-
ever, show neither renewal nor reinstatement, regardless of the phase in which they 
underwent extinction training [33]. However, in contrast to the findings of Milligan- 
Saville and Graham [33], Tang and Graham [68] found that, when extinguished 
during proestrus, primiparous females show poorer extinction recall compared to 
nulliparous females. This inconsistency may be due to a variety of factors, such as 
individual differences in the quality and characteristics of the pregnancy and moth-
erhood experience. Indeed, there is evidence to show that stress during the postpar-
tum period may have persistent effects on fear extinction in female rats. Specifically, 
Graham [131] compared extinction recall between primiparous rats whose pups had 
been removed for 3 h daily from postpartum 2 to 14 (i.e. maternal separation; MS) 
and primiparous rats whose pups were standard reared (SR). When tested approxi-
mately 3 months post-weaning, MS rats were shown to exhibit reduced conditioned 
fear at the beginning of extinction training and poor extinction recall relative to SR 
rats. Such findings indicate that postpartum stress may lead to long-term impair-
ments in fear extinction.

Given that the hormonal and behavioural features of fear extinction are altered as 
a consequence of reproductive experience, it is unsurprising that the neural features 
of fear extinction also differ between mothers and non-mothers. As noted earlier, 
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the activation of NMDA receptors is required for the consolidation of fear extinction 
in nulliparous female rats, as it is in male rats [68]. However, it has been demon-
strated that blocking the activation of NMDA receptors prior to extinction training 
does not impair extinction recall in primiparous females, indicating that NMDA 
receptors are not required for extinction in primiparous rats [68]. Given that fear 
extinction does not appear to be modulated by estradiol (no impact of estrous cycle 
[33, 131]), or NMDA receptors [68] in primiparous females, it is possible that pri-
miparous females rely on a different molecular signalling process for fear extinction 
compared to nulliparous females. However, further research is required to explore 
this possibility. The potential clinical implications of alterations in the hormonal 
and neurobiological mechanisms underlying fear extinction following pregnancy 
and motherhood will be discussed next.

 Potential Clinical Implications

In light of the research findings reviewed in this chapter, one may speculate that 
exposure therapy outcomes in women are partly influenced by estradiol and proges-
terone levels. For instance, given that low levels of estradiol are associated with 
impaired fear extinction, it is possible that women undergoing exposure therapy 
while using hormonal contraceptives or during a low estradiol phase of their men-
strual cycle are less able to consolidate the learning that takes place during expo-
sures that occur both in-session and between treatment sessions. Low estradiol 
levels may also impair the learning that takes place when women are incidentally 
exposed to anxiety-provoking stimuli in the absence of a negative outcome in their 
day-to-day lives, thereby preventing the natural extinction of fear. Therefore, it is 
possible that timing exposure therapy with respect to a woman’s menstrual cycle, or 
addressing the impact of hormonal contraceptives on estradiol levels (e.g. by ceas-
ing their use for the duration of treatment or administration of estradiol prior to 
exposure sessions), may be beneficial in enhancing exposure therapy outcomes. 
However, these potential clinical implications are purely speculative at this stage 
and require further research.

The literature discussed in this chapter also highlighted that the hormonal, behav-
ioural and molecular features of fear extinction appear to be altered by reproductive 
experience; it is therefore possible that reproductive status is important to consider 
when determining how to enhance exposure therapy outcomes. For instance, given 
that fear extinction appears to be independent of cyclic fluctuations in estradiol in 
mothers, it may not be of benefit to time exposure therapy to periods of high estra-
diol in this population. Moreover, changes in the signalling processes underlying 
fear extinction resulting from reproductive experience may indicate that the effec-
tiveness of pharmacological adjuncts to psychological therapy could differ between 
mothers and non-mothers. For instance, D-cycloserine (DCS; a partial NMDAR 
agonist) has recently been proposed as a pharmacological adjunct to exposure ther-
apy given that it enhances extinction recall in adult male rats and humans. Indeed, 
the administration of DCS prior to CBT has been shown to improve outcomes in the 
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treatment of various anxiety disorders, such as PTSD and specific phobia [28]. 
However, given that primiparous females may not rely on NMDARs for fear extinc-
tion, it is possible that DCS may not be as effective in augmenting exposure therapy 
outcomes in mothers. Similarly, while estradiol may be an effective pharmacologi-
cal adjunct to exposure therapy in non-mothers, it may not be effective in mothers 
given that fear extinction appears to be independent of endogenous fluctuations of 
estradiol in this population. Again, it is of note that these potential clinical implica-
tions are purely speculative at this stage. Further investigation of the hormonal and 
neurobiological mechanisms underlying fear extinction in both non-mothers and 
mothers is necessary to determine how to best enhance treatment outcomes in these 
populations.

 Conclusion

In summary, it appears that the extinction-based mechanisms on which exposure 
therapy relies are modulated by estradiol and progesterone in female rodents and 
women. There is converging evidence to suggest that high levels of these hormones 
facilitate fear extinction, while low levels of these hormones impair fear extinction. 
Estradiol and progesterone appear to interact with various signalling processes, 
including those involving NMDA receptors, within the neural fear circuit to facili-
tate the consolidation of fear extinction. Notably, however, the involvement of estra-
diol and progesterone, and the signalling processes with which they interact, may be 
altered by long-term changes stemming from pregnancy and motherhood. Namely, 
it appears that fear extinction may be independent of cyclic fluctuations in estradiol 
and progesterone, and the activation of NMDA receptors, in reproductively experi-
enced females. Given that fear extinction models both the underlying pathology and 
treatment of anxiety disorders, such findings indicate that both hormonal and repro-
ductive status may alter the way in which anxiety disorders are maintained and 
treated in women. Continuing to build upon our understanding of the hormonal and 
neurobiological mechanisms underlying fear extinction in females may facilitate 
the development of more tailored and effective treatments for anxiety disorders 
among women.
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 Introduction

Most youth have appropriate adaptive anxiety response to any given situation or 
environment. In those who have maladaptive responses, an anxiety disorder may 
ensue. Anxiety in young children causes impairment, interferes with family func-
tioning and parent-child and peer relationships, and negatively impacts quality of 
life resulting in having low self-esteem and poor academic performance [1–3]. 
Continuous research in this field identifies risk factors and key steps to early detec-
tion and prevention. There are several evidence-based treatments for anxiety disor-
ders available, yet affected individuals are less likely to seek treatment, lack response 
to treatment, or experience a new anxiety episode over time. Studying risk factors 
for anxiety disorders in childhood and adolescence allow earlier identification of 
at-risk children for provision of prevention strategies.

 Prevalence

Of the psychiatric illnesses, anxiety is one of the most common diagnosed mental 
illnesses in children and adolescents with known persistence into adulthood [2–4]. 
From the 2016 National Survey of Children’s Health (NSCH), among children 
3–17 years old, 7.1% currently had anxiety symptoms, compared to 3.2% having 
depression, both most common in the adolescent age group 12–17 years [5]. From 
the National Comorbidity Study-Adolescent Supplement (NCS-A) in the United 
States, lifetime prevalence of anxiety disorders was 31.9% in adolescents aged 
13–18 years, much higher compared to 19.1% for behavior disorders, 14.3% for 
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mood disorders, and 11.4% for substance use disorders (SUD), with 2 in 5 adoles-
cents with at least 1 mental disorder [6]. Actual rates could be higher than reported 
due to subclinical anxiety. Prevalence for specific subtypes of anxiety disorders 
from the NCS-A was 2.2% for generalized anxiety disorder (GAD), 2.3% for panic 
disorder (PD), 2.4% for agoraphobia, 5% for posttraumatic stress disorder (PTSD), 
7.6% for separation anxiety disorder (SAD), 9.1% for social phobia, and 19.3% for 
specific phobia. PTSD, PD, social phobia, and GAD prevalence increased with age. 
Of the total sample of adolescents, severe anxiety disorders were seen in 8.3% 
majority of which are those individuals with agoraphobia and PDs [6].

 Risk and Protective Factors

Though there are children without known predisposing factors, development of 
anxiety disorders is a complex interplay of genetics, temperament in childhood, 
sociodemographic traits, environmental triggers, and physiologic factors. According 
to the National Institute of Mental Health, risk factors can be generalized for all 
subtypes of anxiety disorders [7]. These include associated introversion traits or 
behavioral inhibition in childhood, having a family history of anxiety or other psy-
chopathological conditions, and presence of negative life experiences. From a 
national sample, Blanco et al. also identified other common risk factors: disturbed 
family environment, sexual abuse in childhood, low self-esteem, and lower aca-
demic achievement [8].

 Developmental Stages

Kingston et al. looked at the association between specific prenatal, postnatal, and 
early life predictors by examining the demographic, obstetrical, psychosocial, med-
ical, behavioral, and infant factors on development of anxiety in childhood by age 5 
[9]. The authors found that at 5 min of life having an APGAR score of 7 or less was 
a significant predictor of childhood anxiety symptoms likely from neural circuitry 
disruption [9]. Psychological distress in the mother during the first 5 years of life 
was another significant predictor, though mechanisms may be poorly understood. 
Protective factors for a child born to a mother <20 years old, having more than one 
child, and prematurity were found to be protective [9].

Essau et al. examined the incidence, recurrence, and comorbidity rates of anxiety 
disorders using four developmental periods: childhood (5 to <13  years), adoles-
cence (13 to <18 years), emerging adulthood (18 to <24 years), and adulthood (24–
30 years) [4]. Incidence rates were found to be significantly higher in childhood due 
to separation anxiety and adulthood due to PD. Increased recurrence rates noted in 
individuals ages 13 and up. Total incidence in adulthood was identified to be signifi-
cantly increased likely due to having child and adolescent anxiety increased likeli-
hood of having anxiety during the emerging adulthood period [4].
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Social anxiety has been especially common during in early adolescence and can 
result in poor academic performance and social skills. Appearance of social anxiety 
symptoms was found to be dependent on gender and puberty. Girls with advance 
physical changes were found to have higher levels of anxiety, likely due to body 
dissatisfaction, anticipated unwanted weight gain, and beginning sexuality [10].

 Comorbidities

An estimated 20–25% of youth in the United States will have a mental health diag-
nosis with associated severe impairment with lifetime comorbidity present in over 
80% of cases [6]. Comorbidity of current and lifetime anxiety and mood disorders 
have been significantly high overtime [11], while comorbidity with illicit drug and 
alcohol use was around 50% [12]. From the NSCH, 1 in 3 children age 3–17 years 
with anxiety had comorbid depression, while 3 in 4 children with depression had 
comorbid anxiety [5]. Other important comorbid conditions include attention- 
deficit/hyperactivity disorder (ADHD), behavioral problems, learning disorders, 
and certain medical conditions [3]. Assessment of anxiety disorders necessitates 
identifying underlying physical health conditions that can possibly cause or worsen 
them, such as thyroid and heart diseases and SUD.

Anxiety disorders have both homotypic and heterotypic continuity, described as 
likelihood of having the disorder by the same disorder and by another disorder, 
respectively [13]. The separation anxiety hypothesis was thought to explain the 
proximity of having PD and SAD, since both have mutual somatic symptoms. SAD 
is one of the most common subtypes seen in school-age children and found to be 
predictive of increased risk of adult PD [4, 13]. What has been shown is that having 
anxiety previously is the best predictor of anxiety persistence [2]. There is strong 
heterotypic continuity from depression to anxiety and vice versa that is most pro-
nounced in the female gender [14]. Essau et al. demonstrated this finding and as 
well stated that degree of comorbidity between anxiety disorders, major depressive 
disorder, and SUD was statistically significant across all four developmental stages 
with exception of the adolescence stage for SUD [4].

 Sociodemographic Risk Factors

Results from a nationally representative survey showed that the median age of onset 
for anxiety disorders was 11 years old, though from the NCS-A found earlier onset 
in childhood around age 6 plateauing off after 12 years of age [6, 15]. Though from 
both studies, anxiety disorders appear much earlier compared to mood disorders, 
behavior disorders, and SUD. There is a wide range of distributions for different 
subtypes. Specific phobia and SAD had earlier ages of onset compared to social 
phobia and other anxiety disorders [15], though one recent meta-analysis found 
21.3 years as the mean age of onset for all anxiety disorders, with SAD, specific 
phobia, and social phobia having earlier onset at age 15 years, compared to a later 
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onset between 21 and 35 years old for agoraphobia, obsessive-compulsive disorder 
(OCD), PTSD, PD, and GAD [16]. Anxiety disorders that started in adolescence 
had a more negative progression compared to those with childhood onset resulting 
in poor adjustments at work and relationships, low satisfaction and coping skills, 
and increased stress as an adult [4]. What has been consistent is that onset in child-
hood has been associated with more severe psychopathology, psychiatric comorbid-
ity, avoidance behaviors, and increased suicide rates [14–17].

Women were found to have two- to threefold increased risk for anxiety compared 
to men, though Lijster et al. found no gender difference from their meta-analysis [4, 
8, 15, 16]. From a nationally representative sample of adolescents in the United 
States as published in the NCS-A, all subtypes of anxiety disorder were more com-
mon in females with the highest difference seen PTSD [6]. Being female was asso-
ciated with higher prevalence, persistence, and incidence rates of anxiety, especially 
following a traumatic event and having PD [2, 8, 18, 19]. Analyzing course of devel-
opment, initial overall anxiety symptoms were higher in girls, followed by slight 
decrease in GAD, PD, and SAD, while boys had a more stable course on all sub-
types [20]. Essau et al. found that being female was not predictive of anxiety recur-
rence during the developmental periods of adolescence and emerging adulthood [4]. 
Maeng and Milad found that stress, fear, and sex hormones related to amplified 
stress sensitivity and extinction memory impairment are correlated with hypoestro-
genism in females [19]. A two-hit hypothesis explaining one’s susceptibility to 
anxiety was identified by Catuzzi and Beck. The authors found evidence that the 
female sex and behavioral inhibition temperament are cumulative resulting in more 
development of anxiety disorders [21].

Results from NCSH showed anxiety problems prevalent among non-Hispanic 
White children, while results from the NCS-A found non-Hispanic Black adoles-
cents to have increased rates compared to peers [5, 6]. In an adult sample popula-
tion, White race was found to have increased anxiety and MDD [8].

 Childhood Temperament

Temperament in children is variable and can be characterized in two as presented by 
Mian et al. [1]. Behavioral inhibition is one and a significant risk factor for develop-
ing later anxiety. It is described as the unfailing tendency to exhibit fear, withdrawal, 
or caution in new or uncomfortable situations. The other risk factor that is more 
correlated with later depression is negative emotionality described as irritability, 
challenge of ease, negative mood, and undesirable emotional responses. The authors 
in their longitudinal, prospective study found certain anxiety symptoms and tem-
perament in childhood to be strongly predictive of anxiety outcomes in kindergarten 
and second grade students, also mediating impact of maternal and family risk fac-
tors [1].

Anxiety sensitivity, on the other hand, defined as fear of experiencing symptoms 
of anxiety emerging in middle childhood and said to be cognitive bias, predicted 
similar future anxiety symptoms, commonly seen in PDs. This risk factor exhibits 
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homotypic continuity as mentioned earlier. Waszczuk et al. found that anxiety sen-
sitivity at age 8 significantly predicts symptoms in 2 years. Such is a strong broad 
risk factor with specific predilection for occurrence of somatic/panic and separation 
anxiety symptoms, less so for having generalized anxiety and social phobia [13].

 Family History and Parental Characteristics

Anxiety tends to aggregate within families. Having a parent with psychiatric disor-
ders significantly increases the child’s risk for similar psychopathologies compared 
to those whose parents have no history [22]. Maternal depression, anxiety, and neg-
ative child attachment were associated with anxiety-related symptoms that medi-
ated temperament in early childhood [1–3, 23]. Much of available studies on 
parental anxiety highlight the maternal role, whereas the paternal role was thought 
to boost the child’s autonomy, exploration, and adaptability through spontaneous 
and competitive play by providing sets of skills to overcome stressful situations. 
Yet, arguably paternal overinvolvement was said to be predictive of development of 
anxiety in young children. One study identified an indirect link of paternal anxiety 
to future anxiety in the child as mediated by maternal restriction of independence, 
but not by paternal parenting behaviors [24].

Considerable amount of literature focuses on parenting behaviors and its impact 
on childhood anxiety. Parental overcontrol involves restriction of autonomy and 
independence and overprotection, with the latter found to increase levels of anxiety 
[2]. One study looked at three major domains of factors (parental, child, and parent-
child relationship) and if certain negative life events made these domains worse, and 
in turn resulted in worse anxiety symptoms [25]. The authors found that levels of 
parenting stress, parental anxious nurturing, and parent-child dysfunctional interac-
tion mediated the association between stressful life events and severity of anxiety 
symptoms [25]. An interesting concept was presented by Gouze et al. that anxiety 
in younger children drives parental behavior, and when older, it would be the paren-
tal behavior mediating anxiety symptoms [26]. In their study, they examined recip-
rocal relations between parental regard for autonomy, hostility, and support in 
relation to childhood anxiety development at a critical transitional school period and 
found that parenting and anxiety interact mutually over time. One finding was 
parental support at age 5 lowered anxiety at age 6–7, while high anxiety at age 5 
lowered parental support at age 6–7 [26].

Parental insecure relationships and parental problems at any time during one’s 
life period and low income levels were found to have high correlation with anxiety 
disorders [2], though from the NCS-A, parental poverty level and urbanicity were 
not associated with any mental illness diagnosis [6]. Higher rates of anxiety disor-
der were seen in adolescents with divorced or separated parents and whose parents 
did not receive a college degree had higher rates [6].
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 Non-traumatic and Traumatic Stressful Life Events 
and Experiences

Stressful life events considered non-traumatic or traumatic lead to increased pre-
ponderance for anxiety disorders. There is neural evidence of early stress and child-
hood emotional maltreatment leading to adult anxiety [27]. Examples of 
non-traumatic life events include parental divorce or separation, arrival of a steppar-
ent, loss or death of a family member, moving to a new home or school or accultura-
tion, and teasing. Anxiety was increased in those with divorced parents [6]. One 
study looked at divorce occurring at different times in a child’s life and found that 
its occurrence during elementary school was correlated with increased adverse 
effects on internalizing and externalizing problems, noting anxiety or fear of aban-
donment and guilt in the affected child [28].

On the other hand, traumatic life events include victimization, interpersonal vio-
lence, discrimination, and child abuse. Peer victimization, such as rejection and 
ostracism, in adolescence has been found to correlate with short- and long-term 
anxiety and depression symptoms due to persistent psychological stress [29]. 
Exposure to violence in the community was associated with childhood anxiety 
symptoms and temperament [1]. A systematic review looked at the role of child 
sexual abuse in the development of anxiety disorders. The authors found that sexual 
abuse in childhood is indeed a very important risk factor, especially those with 
PTSD, and said to be unrelated to how severe the abuse was. Males have the same 
risk profile as females for anxiety-related symptoms due to abuse [30].

 Sleep

Sleep is especially important in brain development specifically memory and learn-
ing. One review showed preliminary evidence highlighting increased sleep and 
anxiety difficulties arising during late childhood to early adolescence, relating to the 
sleep changes occurring in this developmental transition [31]. Common reason for 
poor sleep is media exposure and its digital imprints on the child’s emotional regu-
lation. Hoge et al. summarized the growing areas of interest with the use of technol-
ogy devices relating to anxiety and depression [32]. They have described current 
states of fear and anxiety to both traditional and substituted media, concomitant 
social anxiety, and lacking social interactions and being disconnected, such with 
victimization from being cyberbullied [32].

 Intolerance of Uncertainty

Intolerance of uncertainty, as the name implies, is considered a core feature of worry 
and has been studied more in adults. Not much has been described in the pediatric 
population despite children’s awareness of such uncertainty and ability to respond 
despite being young. Since such neuronal processes persist through middle childhood 
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and adolescence, one meta-analysis did find similar results of strong correlation 
between intolerance of uncertainty and anxiety and worry in young individuals [33].

 Special Populations
Anxiety in youth with chronic disease had been correlated with negative health and 
psychosocial outcomes and unfortunately found to be either underrecognized or 
undertreated. This has been true for children with special health care needs, and 
adolescents with congenital heart disease [34], asthma, mixed connective tissue dis-
orders and diabetes mellitus, with higher rates in those using insulin pump [35]. One 
study looked at anxiety symptoms among teens who survived childhood cancer. 
Anxiety was far more common than depression, and the authors found the subtype 
PTSD as the most common form of anxiety with rates higher than the general popu-
lation but lower than those who experienced other significant traumas [36]. Social 
anxiety in this study group was likely due to illness outcome, poor body image, and 
long interval posttreatment.

Lo and Cheng found Latinos, more than Blacks and Asians, to have higher preva-
lence of anxiety and mood disorders [37]. They also found that protective factors in 
minority individuals include being male, good financial status, being marriage, 
being more educated, and experiencing few discriminations [37]. Sexual minority 
youth are known to express more anxiety than their heterosexual counterparts. One 
prospective birth cohort study from the United Kingdom identified this at-risk youth 
to have higher risk of anxiety disorders at age 17.5 with contributing factors such as 
bullying during middle adolescence and poor self-esteem [38].

 Prevention of Anxiety Disorders

Prevention of anxiety symptoms and disorders should be considered within the 
broader context of promotion of mental health and prevention of mental disorders in 
general. A dynamic interplay of multiple risk and protective factors contributes to 
the development, severity, progression, remission, resolution, and prevention of 
mental disorders across the life span of an individual. As described by Mrazek and 
Haggerty (1994), the prevention of mental disorders aims at “reducing incidence, 
prevalence, recurrence of mental disorders, the time spent with symptoms, or the 
risk condition for mental illness, preventing or delaying recurrences and also 
decreasing the impact of illness in the affected person, their families and the soci-
ety” [39, 40].

The assessment of risk and protective factors is the first step in the development 
and application of the most appropriate preventive intervention. Effective preven-
tive intervention focuses on eliminating or reducing the impact of risk factors and 
facilitating and strengthening the positive impact of protective factors on the symp-
toms of anxiety or anxiety disorder. Both risk and protective factors are specific 
characteristics, experiences, or events that occur at individual, family, community, 
or state or policy level. Biological factors play a specific role at individual level. 
Risk factors are associated with a higher likelihood of subsequent development of a 
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disorder and generally precede the development of symptoms or disorder, whereas 
protective factors are associated with a lower likelihood of development of a disor-
der or its symptoms and generally mitigate the negative influence of risk factors 
[40]. In a broader sense, risk factors are associated with negative outcomes, while 
protective factors are associated with positive outcomes. It is also useful to recog-
nize that while some risk and protective factors are constant and non-modifiable, 
others are more fluid and variable over time. For example, an individual’s inherent 
genetic and biological characteristics remain constant over time, whereas an indi-
vidual’s socioeconomic status, peer group, or adverse childhood experiences may 
vary over time [39–41].

While the risk and protective factors at in individual level may be less variable, 
the increased likelihood of variability beyond individual level necessitates prioriti-
zation of particular risk and protective factors to be addressed based on the degree 
of their impact. When designing and evaluating a preventive intervention program, 
certain general characteristics of risk and protective factors should be taken into 
account – multiple contexts, correlational and cumulative characteristics, outcomes 
characteristics, and long-term and life span influence [39–41].

 Multiple Contexts

Risk and protective factors exist in multiple contexts [39, 40]. Specific biological 
and psychological characteristics of an individual contribute to either a higher or a 
lesser likelihood for him or her for developing a mental disorder such as an anxiety 
disorder. Each person has specific relationship within the community in which he or 
she resides and to the broader society. Because of such relationships, an individual’s 
biological and psychological characteristics exist in multiple contexts, rather than in 
isolation. Multiple risk and protective factors operate within each such context and 
may influence each other. Design and evaluation of preventive interventions need 
consideration of addressing risk and protective factors in multiple contexts at the 
same time.

For example, within the context of individual and family relationships, risk 
factors include alcohol use by parents, parents with mental illness, abuse and 
neglect of child, or lack of suboptimal adult supervision of children. On the other 
hand, protective factors in this context include appropriate and optimal parental 
involvement, good parental mental and physical health, and absence of substance 
use. Within the context of the community, examples of risk factors include neigh-
borhood poverty and violence, whereas protective factors could include the 
availability of faith-based resources and after-school activities [39, 40]. At the 
society level, examples of risk factors can include norms and laws favorable to 
substance use, as well as racism and a lack of economic opportunity, whereas 
protective factors in this context would include hate crime laws or policies limit-
ing the availability of alcohol [39, 40].
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 Correlational and Cumulative Characteristics

A given risk factor tends to be positively correlated with one or more additional risk 
factors while negatively correlated with one or more protective factors [39, 40]. An 
individual with some risk factors is more likely to have additional risk factors while 
at the same time less likely to have protective factors. Both risk and protective fac-
tors have been shown to have a long-term cumulative impact on the likelihood of 
development of an anxiety or other mental health disorders. Consideration of the 
impact of the correlation and cumulative characteristics of risk and protective fac-
tors provides the fundamental basis for the critical importance of early screening, 
identification and preventive intervention programs during prenatal period, and 
infancy and early childhood [39–41].

 Outcomes Characteristics

One or more risk factors can increase the likelihood of development of one or more 
mental health disorder, for example, adverse life experiences have been associated 
with the development of depression, anxiety, or substance abuse [40]. Similarly, one 
or more protective factors can reduce the likelihood of development of one or more 
mental health disorder, for example, healthy parenting practices and positive child-
hood experiences have been shown to reduce the likelihood of or protect against 
development of multiple negative outcomes later in life. Preventive interventions 
that address multiple risk and protective factors are more desirable and tend to influ-
ence outcomes in multiple areas.

 Long-Term and Life Span Influence

Multiples studies provide evidence that both risk and protective factors have life-
long influence on an individual’s mental and physical health and long-term out-
comes [39, 40]. Adverse early childhood experiences have been shown to have 
long-term negative mental health consequences [42]. The influence of risk or pro-
tective factors often transcend between different contexts; for example, effective 
parenting has been shown to mediate the effects of multiple risk factors, including 
poverty, divorce, parental bereavement, and parental mental illness.

 Types of Prevention Interventions

Not all people or populations are at the same risk of developing mental health prob-
lems. Prevention interventions are most effective when they are matched to their 
target population’s level of risk. Three types of preventive interventions have been 
described [39–41]:
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 1. Universal prevention is defined as those interventions that are targeted at the 
general public or to a whole population group that has not been identified on the 
basis of increased risk.

 2. Selective prevention targets individuals or subgroups of the population whose 
risk of developing a mental disorder is significantly higher than average, as evi-
denced by biological, psychological, or social risk factors.

 3. Indicated prevention targets high-risk people who are identified as having mini-
mal but detectable signs or symptoms foreshadowing mental disorder or biologi-
cal markers indicating predisposition for mental disorder but who do not meet 
diagnostic criteria for disorder at that time.

For each of the three types of preventive interventions described, which are 
widely applied in the development of prevention programs, multiple factors need 
specific consideration. Universal prevention takes a broad approach and is applied 
to larger groups or populations, such as communities, workplaces, or school sys-
tems. Universal prevention programs are generally more expensive and require 
broad collaboration and participation at community and state level. Because the 
universal intervention is applied to persons who do not have a given mental health 
condition or may not be at risk for developing a disorder, it is challenging to con-
vince a high percentage of the population to participate. A high level of participation 
increases sample representativeness and reduces cost of program administration. 
For both selective and targeted preventive interventions, the relative cost is less than 
universal programs. For both the selective and indicated prevention programs, a 
methodological consideration is protecting confidentiality while at the same time 
encouraging participation.

In addition to the type of preventive intervention, the timing of intervention 
should be considered. The risk for developing anxiety disorder varies at different 
times during childhood and adolescence based on exposure to specific life events 
and environmental factors. Also, the appropriate level of intervention – individual, 
family, community, or multiple – should be a consideration in the development of 
preventive strategy.

 Cognitive Behavioral Therapy-Based Approaches

Multiple studies provide evidence to support variable effectiveness of cognitive 
behavioral therapy-based prevention interventions for symptoms of anxiety or anxi-
ety disorder. Evidence is insufficient to support other prevention approaches. Several 
investigators have conducted comprehensive systematic reviews and meta-analytic 
reviews of published studies of CBT-based prevention interventions for anxiety 
disorders.

Topper et al. (2017) reported findings of their randomized controlled trial that 
evaluated the efficacy of a preventive intervention for anxiety disorders and depres-
sion by targeting excessive levels of repetitive negative thinking (RNT; worry and 
rumination) in adolescents and young adults [43]. A total of 257 study participants 
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(83.7% female) reported to have repetitive negative thinking, worry, and rumination 
were randomly allocated to a 6-week cognitive behavioral training delivered in a 
group, via the Internet, or to a waitlist control condition. Self-control measures were 
collected at pre-intervention, post-intervention, and 3-month and 12-month follow-
 up. Both modes of preventive intervention were found to significantly reduce RNT 
(d = 0.53–0.89) and symptom levels of anxiety and depression (d = 0.36–0.72). 
Effects were maintained until 12-month follow-up. The interventions resulted in a 
significantly lower 12-month prevalence rate of depression (group intervention, 
15.3%; Internet intervention, 14.7%) and generalized anxiety disorder (group inter-
vention, 18.0%; Internet intervention, 16.0%), compared to waitlist (32.4% and 
42.2%, respectively). Mediation analyses demonstrated that reductions in RNT 
mediated the effect of the interventions on the prevalence of depression and general-
ized anxiety disorder. Topper et al.’s (2017) study provides evidence for the efficacy 
of cognitive behavioral intervention in preventing repetitive negative thinking and 
rumination in adolescents and young adults.

Moreno-Peral et al. (2017) conducted a systematic review, meta-analysis, and 
meta-regression study to evaluate the effectiveness of preventive psychological and/
or educational interventions for anxiety disorders in varied populations [44]. The 
review included 29 studies representing 10,430 patients from 11 countries on 4 
continents. Based on an extensive analysis of the data, the authors reported that 
psychological and/or educational interventions had a small but statistically signifi-
cant benefit for anxiety prevention in all populations evaluated.

Rasing et al. (2017) conducted a meta-analytic review of the effects of school- 
based and community-based prevention programs that are based on cognitive 
behavioral therapy with the primary goal of preventing depression, anxiety, or both 
in high-risk adolescents [45]. Thirty-six studies met the inclusion criteria, 23 on 
depression, and 13 on anxiety. For anxiety prevention aimed at high-risk adoles-
cents, no short-term or 12-month follow-up effect was found. Three to six months 
after the prevention intervention, symptoms of anxiety were significantly decreased. 
The analysis showed that CBT-based prevention programs for anxiety appear to be 
effective after 3–6 months, but this effect disappears after 12 months.

Fisak et al. (2011) conducted a meta-analytic review of the effectiveness of child 
and adolescent anxiety prevention programs [46]. The analysis included 35 studies 
that met inclusion criteria. Of these, 30 studies included a comparison group and 5 
studies included pretest-posttest data only. Four of the studies provided follow-up 
data to previously published studies. Mean weighted effect sizes were calculated, 
and studies were encoded for potential moderator variables. A statistically signifi-
cant effect size of.18 was obtained at post-intervention. However, the effect sizes 
obtained at follow-up yielded mixed results. Significant moderators of program 
effectiveness were provider type (professional versus lay provider) and the use of 
FRIENDS program [47]. Program duration, participant age, gender, and program 
type (universal versus targeted) were not found to moderate program effectiveness.

A substantial number of studies identified by Fisak et al. (2011) for inclusion in 
their analysis utilized Barrett’s FRIENDS program [46, 47]. FRIENDS program is 
a well-established and effective program for the prevention of general anxiety 
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symptoms. Studies utilizing the FRIENDS program were found to be more effective 
than programs not utilizing FRIENDS. Particular strengths of the FRIENDS pro-
gram include the following: the program is manualized and well-structured, and it 
can be easily integrated into school curriculums. Overall, based on their analysis, 
Fisak et al. (2011) found that almost all of the prevention program for anxiety were 
either behavioral or cognitive behavioral and Barrett’s manualized FRIENDS pro-
gram [46, 47].

Zalta (2011), in a meta-analysis, assessed efficacy of cognitive behavioral inter-
ventions in preventing anxiety symptoms [48]. A systematic review identified 15 
independent pretest-posttest randomized or quasi-randomized efficacy trials for 
analysis. At posttest, intervention groups demonstrated significantly greater symp-
tom reduction compared to control groups resulting in weighted mean effect sizes 
of 0.25 for general anxiety after removal of outliers. These effects appeared to 
diminish over 6- and 12-month follow-up. Exploratory moderator analyses indi-
cated that individually administered media interventions were more effective than 
human-administered group interventions at preventing general anxiety and depres-
sion symptoms. Deady et al. (2017) reported findings of a systematic review and 
meta-analysis of eHealth interventions for the prevention of depression and anxiety 
in the general population [49]. Ten trials were included in the systematic review and 
meta-analysis. All studies utilized cognitive behavioral techniques. For anxiety out-
come studies, at posttreatment, the overall mean difference between the intervention 
and control groups was 0.31 (95% confidence interval: 0.10, 0.52; p = 0.004), indi-
cating a small but positive effect of the eHealth interventions. The effect sizes for 
universal and indicated interventions were similar. However, there was inadequate 
evidence to suggest that such interventions have an effect on long-term disorder 
incidence rates.

Clarke et al. (2015) conducted a systematic review to provide a narrative synthe-
sis of the evidence on the effectiveness of online mental health promotion and pre-
vention interventions for youth aged 12–25 years [50]. Their analysis included 28 
studies conducted between 2000 and 2015. The results from the online prevention 
interventions indicate the significant positive effect of computerized cognitive 
behavioral therapy on adolescents’ and emerging adults’ anxiety and depression 
symptoms. The rates of non-completion were moderate to high across a number of 
studies. Implementation findings provide some evidence that participant face-to- 
face and/or web-based support was an important feature in terms of program com-
pletion and outcomes. Additional research examining factors affecting exposure, 
adherence, and outcomes is required. The quality of evidence across the studies 
varied significantly, thus highlighting the need for more rigorous, higher-quality 
evaluations conducted with more diverse samples of youth. Although future research 
is warranted, this study highlights the potential of online mental health promotion 
and prevention interventions in promoting youth well-being and reducing mental 
health problems.
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 Conclusion

With anxiety being prevalent in childhood and adolescence, identification of differ-
ent risk and protective factors (Tables 27.1 and 27.2) has been crucial in understand-
ing treatment approaches [8, 9, 25, 30, 40, 41, 42, 51, 52]. Anxiety disorders have a 
multifactorial etiology from genetics to environmental triggers, with considerable 
individual and familial factors that either mediate or moderate the symptoms. 
Because persistent anxiety symptoms and anxiety disorders can have long-term and 
lifelong adverse impact and outcomes, it is important to develop and implement 
effective prevention programs. Prevention interventions should be guided by assess-
ment of risk and protective factors for anxiety disorders. Effective preventive 

Table 27.1 Risk factors for the development of anxiety disorders in childhood and adolescence

Risk factors

Individual Academic underachievement
Anxiety sensitivity
Avoidant coping style
Behavior problems
Child abuse and neglect
Childhood temperament – behavioral inhibition
Chronic illness
Exposure to violence
Heritability of anxiety disorder
Learning disabilities
Low perceived self-control
Other mental health disorders – such as depression, attention deficit 
hyperactivity disorder
Poverty
Sleep problems
Stressful life events and loss
Subclinical anxiety symptoms

Familial Divorce or separation
Familial psychopathologies
Insecure attachment
Lower parental education
Lower socioeconomic status
Parental avoidant problem-solving strategies
Parental chronic illness or disability
Parental mental illness
Parental social inhibition, negative affectivity
Parenting overprotection
Perinatal complications
Prenatal exposure to substances

Community Access to illicit substances
Isolation and estrangement
Lack of resources: Education, transportation, housing
Neighborhood violence
Poor social support network
Social injustice and discrimination
Unemployment
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intervention should focus on either eliminating or reducing the impact of risk fac-
tors and facilitating and strengthening the positive impact of protective factors on 
the symptoms of anxiety or anxiety disorder. The risk for developing anxiety disor-
ders varies among individuals, and therefore preventive interventions should be 
appropriately matched with specific type of intervention programs  – universal, 
selective, or indicated. Numerous studies have provided evidence to support vari-
able effectiveness of cognitive behavioral therapy-based prevention interventions 
for symptoms of anxiety or anxiety disorder; however, evidence is insufficient to 
support other prevention approaches.
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 Introduction

Anxiety disorders are the most prevalent psychiatric disorders in the United States 
and worldwide. In the United States, it has a lifetime prevalence of 31.1%, with 
19.1% of adults being affected in the last year. In older age group, anxiety disorders 
remain highly prevalent causing a wide range of functional impairment and distress. 
Recent data has linked anxiety and its disorders in late life to increased morbidity 
and mortality, especially related to a higher cardiovascular burden and an increased 
cognitive decline. However, late-life anxiety disorders are underdiagnosed and 
undertreated in clinical practice, and research in this area has lagged behind.

In this chapter, we will review epidemiology, including prevalence, age of onset, 
and course of late-life anxiety disorders, comorbidities, and risk factors as well as 
the neurobiological basis of anxiety disorders in late life. We will emphasize new 
perspectives on late-life anxiety, including its role in risk for dementia and several 
cardiovascular diseases. Then, we will discuss assessment and treatment of late-life 
anxiety disorders.

 Epidemiology

 Prevalence

Prevalence reports of anxiety disorders in late life vary between 1.2% and 15% in 
community samples and between 1% and 28% in medical settings [1]. The preva-
lence of clinically relevant anxiety symptoms was between 15% and 52% in 
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community samples and 15% and 56% in medical settings [1]. This wide variety 
stems most likely from methodological differences such as discrepancies in sam-
pling procedures, differences in assessment tools, exclusion of individuals with more 
than one anxiety disorders, different age cutoffs [2], but also phenomenological dif-
ferences in anxiety symptoms reported by older adults [3]. The prevalence of anxiety 
disorders also varies across different cultures or different cultural groups [4].

It is generally agreed that the prevalence of anxiety disorders appears to decrease 
in late life, except for GAD which maintains similar prevalence rates in young and 
old [5–7]. However, the prevalence of anxiety disorders in late life is considered 
underestimated due to the challenges of assessing and diagnosing anxiety in the 
elderly, which we will discuss in detail later in this chapter.

The high prevalence of late life anxiety is emerging as a significant public health 
burden since higher severity of anxiety symptoms in late life is associated with 
greater disability and poorer health-related quality of life after controlling for medi-
cal burden and depressive symptoms [8]. According to the 2013 State of Health 
report in the United States, anxiety was one of the four diseases with the largest 
number of years lived with disability (YLDs) in 2010 following low back pain, 
other musculoskeletal disorders, and major depressive disorder [9].

 Age of Onset and Course

While the majority of anxiety disorders develop sometime between childhood and 
young adulthood and are carried over in midlife [2], generalized anxiety disorder 
(GAD) and agoraphobia have a relatively later onset [10]. Almost half of older 
patients with GAD report the onset of their disorder after age 50. Compared with 
older adults with late-onset GAD, older adults with an early-onset GAD appear to 
have a more severe course, characterized by more profound and impairing patho-
logical worry [11, 12]. In contrast, late-onset GAD was distinguished from early- 
onset GAD by a more frequent association with medical comorbidities (e.g., 
hypertension), greater disability, and a poorer health-related quality of life [8, 12]. 
Several age-related stressors are specific risk factors for late onset of GAD, includ-
ing chronic illness and disability, caregiver status, social isolation, institutionaliza-
tion, and bereavement [13].

Major longitudinal studies of late-life anxiety disorders demonstrated the high 
risk of relapse, with recurrence and chronicity rate up to 39–52% after 3–6 years 
[14–16]. For late-life GAD, the main source of relapse and chronicity appears to be 
the persistence of pathologic worry even when other associated symptoms respond 
to treatment [17, 18]. Although severe worry represents the cardinal criterion of 
GAD, only 20% of older adults with severe worry qualify for a GAD diagnosis [19]. 
Comparison between tertiary center trials and community samples shows that the 
anxiety disorders are under-recognized and undertreated especially in the nonspe-
cialist setting [20] and only 36.3% of the patients with late-life GAD receive treat-
ment [21].
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 Psychiatric Comorbidity

Anxiety and depressive disorders are frequently comorbid. They share several 
symptoms, such as irritability, restlessness, decreased concentration, sleep changes, 
and fatigue. The comorbidity persists in the older age. 13–23% of older adults with 
anxiety disorders also met criteria for major depressive disorder [22, 23], and 26.1% 
met criteria for any depressive disorder [24]. Likewise, 47.5% of patients with a 
major depressive disorder also had a current anxiety disorder diagnosis [24], and 
27.5% of depressed elderly would meet diagnostic criteria for GAD [25].

Late-life GAD comorbid with depressive symptoms is associated with greater 
risk for chronicity [15], lower social functioning, and higher severity of GAD symp-
toms [26]. Likewise, the presence of GAD symptoms among depressed older adults 
has been associated with greater suicidal risk, greater somatic symptoms, and 
increased risk of cognitive impairment [25, 27, 28].

Comorbidity of depression and anxiety negatively affects response to treatment 
[29]. Older adults with depression and concurrent anxiety symptoms required 50% 
more time to respond to antidepressants and were more likely to discontinue treat-
ment [29, 30]. Anxiety symptoms often persist after remission of depression and 
increase risk for depressive relapse [29, 31, 32].

 Late-Life Anxiety and Cognitive Decline

It is well-established in cross-sectional studies and observational research that anxi-
ety in the elderly is frequently comorbid with changes in neuropsychological func-
tioning. Older adults with clinically significant anxiety have poorer cognitive 
function [33], and those with late-life GAD show deficits in multiple cognitive 
domains including language, processing speed, immediate and delayed memory, 
and executive function [34]. Several studies have shown that anxiety symptoms or 
disorders in the elderly may increase the risk of cognitive decline [28, 35–37].

The association between dementia and anxiety symptoms rendered ambiguous 
results with some studies reporting no significant difference in the prevalence of 
anxiety symptoms in the elderly with dementia compared to non-demented subjects 
[38] while others reporting a positive association [39, 40]. The wide range of reports 
may result from the diagnostic difficulties in the patients with dementia as well as 
from the methodological differences between the studies. The symptoms that are 
seen in both anxiety disorders and dementia, such as restlessness, fatigue, and poor 
concentration, make it difficult to distinguish anxiety in the context of dementia [2]. 
Additionally, AD subjects may have difficulties relaying information about them-
selves, making researchers to rely on caregiver reports which are not well suited to 
capture internal symptoms, such as worry and rumination [41].

The causal relationship between anxiety and cognitive decline may be bidirec-
tional; chronic anxiety may contribute to cognitive decline through various stress- 
related pathways that increase allostatic load [17, 42–46], but also worsening 

28 Anxiety Disorders in the Elderly



564

cognition may trigger increased anxiety and worry [47–49]. Thus, higher amyloid 
burden was recently associated with increasing anxiety and depressive symptoms 
over time in cognitively normal older individuals, suggesting that emerging symp-
toms (e.g., anxiety) may represent an early manifestation of preclinical AD [50].

More evidence is becoming available to support the association between anxiety 
and neurodegeneration. Several groundbreaking recent studies have reported on the 
association between anxiety/worry and amyloid burden, including a moderating 
effect of anxiety on the association between beta-amyloid burden and cognitive 
decline [50–53]. Higher worry severity in older adults has been positively associ-
ated with cortical atrophy – more precisely with decreased cortical thickness and 
decreased mean diffusivity (a marker of grey matter integrity) in the prefrontal cor-
tex [54]. Overall, the recent studies support a link between chronic anxiety/severe 
worry and cognitive decline. However, the pathways through which anxiety/severe 
worry alters cognitive decline remain complex and may include chronic stress, 
increased cerebrovascular burden, chronic inflammation, and unopposed glutamin-
ergic excitotoxicity in vulnerable brain regions (e.g., hippocampus and prefrontal 
cortex) [42, 55–57].

 Medical Comorbidity

Anxiety disorders are a well-known public health burden as they are associated with 
greater disability and poorer health-related quality of life [8]. Subjects with anxiety 
disorders have overall increased mortality both from natural and unnatural causes 
[58]. Certain medical conditions have a higher association with anxiety symptoms, 
such as gastrointestinal problems, hypo- or hyperthyroidism, diabetes, cardiovascu-
lar disease, and respiratory disorders [59–62].

More recently, the link between cardiovascular disease and anxiety has been the 
focus of several studies. Anxiety is a risk factor for mortality after coronary bypass 
surgery [63], and panic disorders have been found to increase risk for cardiovascular 
morbidity and mortality [64], after controlling for other risk factors including major 
depression. According to a recent meta-analysis, anxiety was associated with a sig-
nificantly elevated risk of cardiovascular mortality [relative risk 1.41], coronary 
heart disease [relative risk 1.41], stroke [relative risk 1.71], and heart failure [rela-
tive risk 1.35]) [56]. In a prospective longitudinal study, higher anxiety symptom 
levels were associated with increased risk for incident stroke independent of other 
risk factors, including depression [65]. Also, GAD was significantly associated with 
major cardiovascular events at 5 years in patients following coronary artery bypass 
surgery [63].

All these studies emphasize a highly relevant but relatively poorly recognized 
comorbidity between anxiety and cardiovascular disease risk. This association is 
even more salient for older anxious subjects. The recognized role and treatment 
priority received by depression associated with cardiovascular disease should be 
extended to anxiety disorders [66].
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 Substance Use and Late-Life Anxiety

Another category of disorders that are highly comorbid with anxiety is substance 
use disorder. According to the National Comorbidity Survey Replication in 2005, 
one in five substance use disorders also meets the criteria for an anxiety disorder. 
Substance use disorders in older adults are an emerging public health concern in the 
United States and in the world as population ages [67]. However, there is a scarcity 
of research in this area. There have been increases in treatment admissions for illicit 
and prescription drug abuse in older adults in the United States [68, 69]. Among 
prescription drug misuse, opioid and benzodiazepine misuse is a particular concern 
given risk of fatal overdoses [69, 70]. Older patients are more likely to receive opi-
oid and benzodiazepine prescriptions, and they are more likely to have side effects 
such as increased risk of falls and cognitive impairment [71–74]. More recently, 
interest in the medicinal use of cannabis has been increased. Use of cannabis/can-
nabinoids is particularly relevant for older individuals due to the increased fre-
quency of symptoms such as chronic pain, insomnia, and mood symptoms [75]. 
However, so far there is very little evidence of its efficacy in older adults, and the 
potential of side effects and drug-drug interactions should not be underestimated.

The comorbidity between anxiety and substance use disorders (SUD) compli-
cates treatment and worsens prognosis of SUD. Although the mechanisms underly-
ing the relationship between anxiety and substance use disorders are unclear, there 
are several hypotheses: self-medication hypothesis (substances used to self-treat 
anxiety), substance-induced anxiety (anxiety caused by other intoxication or with-
drawal), and common factors theory (shared personality/neurobiological vulnera-
bilities between anxiety and substance use disorders) [76, 77].

 Assessment

The standard epidemiological instruments in mental health are often not well suited 
for older adults. Because of diagnostic challenges in late-life anxiety, diagnostic 
criteria and screening tools have lower sensitivity and cannot efficiently detect and 
observe anxiety disorders or relevant anxiety symptoms in older adults [78]. Both 
older adults and clinicians may mistakenly view anxiety/fear/avoidance as a part of 
normal aging process. Older adults are less accurate in identifying anxiety symp-
toms compared to younger adults as they tend to minimize symptoms and to use 
different languages to describe anxiety to attribute symptoms to physical illness or 
they may simply have difficulties remembering or identifying symptoms [79]. Older 
people may experience anxiety differently in terms of autonomic responses (e.g., 
panic response) as central and peripheral physiology change with aging [80]. 
Functional impairment due to anxiety symptoms may require to be tailored to the 
functional limitations and overall abilities of older people. Lastly, some aging- 
specific anxiety conditions may not be detected by the standard anxiety screening 
questions. These atypical anxiety syndromes often encountered in late-life include 
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fear of falling [81], hoarding syndrome [82], PTSD in the elderly, as well as less 
well-defined but frequent somatic symptoms such as dizziness and shakiness, anxi-
ety/agitation in the context of dementia, COPD, heart disease [61], Parkinson’s dis-
ease, irritable bowel syndrome, and vestibular symptoms [49].

While the majority of the most commonly used anxiety measures lack sufficient 
evidence to validate their use in older adults, Beck Anxiety Inventory, Penn State 
Worry Questionnaire, Generalized Anxiety Disorder Severity Scale, and Geriatric 
Mental Status Examination have been validated in assessing anxiety in older adults 
[78, 83]. Some anxiety measures that were specifically designed to assess late-life 
anxiety, such as the Geriatric Anxiety Scale and Geriatric Anxiety Inventory, are 
also reliable to use in older adults [84].

 Treatment

The treatment response rates in late-life anxiety disorders are generally lower than 
in younger adults. Course of disease is more likely to be chronic, with frequent 
relapses and uncommon remission [17].The treatment of late-life anxiety disorders 
raises several specific challenges. Thus, older adults are more reluctant to seek help 
from mental health professionals [85], and they are more likely to drop out of treat-
ment due to perceived stigma related to mental health [86]. Compared with younger 
adults, older adults also seem to have different treatment preference as a group. In 
one study, older adults were more reluctant about participating in group therapy but 
were willing to attend psychoeducational classes [87]. In another study, psycho-
therapy was selected as the preferred treatment by the majority of older adults who 
answered a survey about anxiety treatment [88]. Adequate treatment of late-life 
anxiety disorders is particularly important given the morbidity and mortality risks 
associated with untreated anxiety [85].

 Pharmacotherapy

According to a meta-analysis of 32 studies, pharmacotherapy is more effective than 
psychotherapy for late-life anxiety [89]. Several pharmacological trials showed 
favorable results for active pharmacological treatments compared with control con-
ditions [90]. Pharmacotherapy for older individuals requires a comprehensive 
assessment, as elderly patients have several pharmacokinetics and dynamics changes 
related to reduced glomerular filtration and hepatic metabolization, lower cardiac 
output, and decreased activity of target receptors [91]. These physiologic changes 
increase the risk of medication-related side effects, such as anticholinergic (urinary 
retention, constipation, delirium, cognitive difficulties), antiadrenergic (orthostatic 
hypotension), and antihistaminergic effects (drowsiness, dizziness, confusion) 
[92–94].

Benzodiazepines remain the most pharmacological option for anxiety in late life 
[95–97]. Some studies have found benzodiazepines efficacious in reducing anxiety 
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symptoms in late life [98, 99]. However, the mass scale use of benzodiazepines in 
late-life anxiety remains problematic due to well-known risks such as falls, cogni-
tive impairment [73, 74], and the risk for misuse [68–70].

SSRIs and SNRIs are considered the first-line treatment for late-life anxiety dis-
orders. Three randomized controlled trials showed that SSRIs are efficacious in 
treating late-life anxiety disorders, predominantly GAD [100–102]). Venlafaxine 
XR and duloxetine have been found to be equally efficacious in older adults, with 
side effect profile similar to younger adults [103, 104]. Importantly, SSRIs and 
SNRIs are relatively well tolerated. However, in the elderly populations, there are 
several specific potential risks that need to be monitored such as the increasing risk 
for falls in the very old [105–107], gastrointestinal bleeding [108], bone loss [109], 
and hyponatremia [110]. For higher doses of SNRIs (especially venlafaxine), it is 
recommended a closer monitoring of blood pressure [111].

Few studies have focused on second-line pharmacological strategies. Pregabalin 
was found efficacious in older adults with GAD, although it is difficult to assess the 
clinical impact of pregabalin (i.e., pregabalin was associated with a two-point 
greater reduction on the Hamilton Anxiety Scale than placebo) [112]. A recent study 
found that buspirone was as effective and well tolerated as sertraline for the treat-
ment of late-life GAD [113].

Off-label use of antipsychotic drugs in the treatment of late-life anxiety is often 
practiced in the community. The only antipsychotic with some evidence of efficacy 
is quetiapine in generalized anxiety disorder, with doses between 50 and 150 mg 
being as efficacious as 20  mg of paroxetine or 10  mg of escitalopram [114]. 
Quetiapine has demonstrated efficacy and tolerability both as monotherapy and as 
adjunctive to SSRIs [115]. In a large study (N = 450), quetiapine XR monotherapy 
(50–300 mg/day) was efficacious in treating GAD in the elderly (number needed to 
treat = 8) [116]. The study reported multiple side effects such as drowsiness, dry 
mouth, dizziness, headache, and nausea [116]. One small study of risperidone 
showed its efficacy as an augmentation strategy [117]. Importantly, clinicians need 
to balance the potential benefits of second-generation antipsychotics in the elderly 
with substantial metabolic side effects, including weight gain, hyperglycemia, and 
increased cholesterol [118–120] as well as the increased risk of sudden death and 
cardiovascular events [121].

Mirtazapine (Remeron) is a popular choice for the treatment of anxiety in late- 
life mainly because of its effects on sleep and appetite, but the evidence for its effi-
cacy is limited and inconsistent [122].

Other antidepressant drugs, such as tricyclic antidepressants (TCA) and irrevers-
ible monoamine oxidase inhibitors (MAOI) may be efficacious, but they should be 
considered only for cases resistant to other treatment options due to their side effect 
profile and safety concerns.

Two studies in late-life panic disorder examined the efficacy of several SSRIs. 
Escitalopram was found superior over citalopram in time to response [123], and 
sertraline showed favorable results [124]. Few studies involving mixed-age popula-
tions have suggested that citalopram [125] and mirtazapine [126] and prazosin 
[127] are effective in late life PTSD.
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 Psychotherapy

Cognitive behavioral therapy (CBT) for late-life GAD has been studied the most 
extensively. The results remain mixed, with some trials and meta-analyses showing 
a moderate efficacy of CBT in late-life GAD [128, 129], while others have failed to 
prove the superiority of CBT over supportive therapy or waiting lists [130–132].

One study has indicated that for older patients, relaxation therapy may be the 
most efficacious module of CBT [131]. Although there is evidence that older adults 
with GAD can learn new cognitive skills and use them effectively [132], the cogni-
tive reappraisal may be more challenging in a population with diminishing cogni-
tive abilities [133–135]. Importantly, naturalistic follow-up studies of CBT in 
late-life GAD indicated that many patients maintained CBT gains for up to 1 year 
after treatment was completed [129]. Similarly, another study showed that com-
pared with supportive therapy, CBT remained more beneficial at 1-year follow-up 
than immediately following treatment in patients who received at least 3 months of 
pharmacotherapy prior to receiving CBT. Their results indicate that CBT in older 
adults continues to bring long-term benefits [136].

Some modifications can be made to fit the needs of older subjects, such as 
between-session reminder phone calls, weekly review of concepts, in-home assign-
ments, and inclusion of relatively easily instructed component and more simplified 
approach [137]. Also, more group-specific adjustments can be implemented to facil-
itate the impact of psychotherapeutic interventions. Incorporating religions and/or 
spirituality for older African American subjects was proven to be effective [137]. 
Telephone-delivered CBT for rural populations was superior to telephone-delivered 
nondirective supportive therapy in reducing worry, additional GAD symptoms, and 
depressive symptoms in older adults with GAD [138]. Older adults were more 
likely to complete Internet-delivered CBT than younger adults, although younger 
adults had more robust response [139].

The comparison between psychotherapy and another active control condition 
(e.g., discussion group) was not significant. There was no difference between differ-
ent types of psychotherapy [90]. Also, although psychotherapy is not proven to be 
more effective than pharmacotherapy, it might be clinically relevant to question 
whether combining CBT and medication would be more effective. Augmenting 
SSRI treatment with CBT improved worry symptoms and reduced relapse rates in 
older adults with GAD [140].

Different innovative psychotherapeutic approaches are actively being examined 
recently. For example, modular CBT uses a personalized protocol that takes into 
account the specific symptoms of the patients and allows flexibility to tailor the 
treatment components to meet the specific need of each patient [141]. Mindfulness- 
based stress reduction (MBSR) is proven to reduce anxiety symptoms in older 
adults [142]. MBSR for anxious elderly patients with cognitive dysfunction has also 
shown promising preliminary results [18]. Acceptance and Commitment therapy 
has also showed improvement in worry severity in elderly [143]. These promising 
results suggest the need of further investigation and validation on larger samples.
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 Conclusion and Key Points

In conclusion, anxiety in late-life remains highly prevalent, causing a wide range of 
functional impairment and distress. Recent studies support a link between chronic 
anxiety/severe worry and cognitive decline as well as between anxiety and cardio-
vascular disease. These new data reflect a larger impact of anxiety and its disorders 
beyond the classic comorbidity with mood and substance use disorders. These links 
are singularly relevant for an increasingly older population burdened by cardiovas-
cular disease and higher rates of Alzheimer’s disease. Clinically, anxiety symptoms 
may be more difficult to elicit in older adults who are less accurate in identifying 
anxiety symptoms and tend to minimize symptoms and to attribute symptoms to 
physical illness. SSRIs remain the first-line treatment for anxiety in late life, but 
benzodiazepines continue to be the most commonly used pharmacological treat-
ment for late-life anxiety. Although SSRIs are proven more effective than psycho-
therapy in late-life anxiety, many elderly anxious subjects prefer psychotherapeutic 
interventions. These interventions appear to work best when tailored for the needs, 
expectations, and cultural background of older anxious subjects.
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