
INTRODUCTION
Anxiety is a common human characteristic to feel unease. 
Anxiety is a symptom of several mental illnesses, including 
anxiety, phobias, and panic attacks. Individuals commonly 
encounter apprehension, which frequently manifests in physical 
manifestations such as breathlessness, lightheadedness, 
perspiration, tachycardia, and trembling.1 People with 
anxiety disorders usually experience substantial changes 
in their everyday and social behavior, frequently leading 
them to purposefully avoid certain situations and objects.2 
Restlessness is the serious reaction to a perceived danger and 
psychological pressure. Typical anxiety originates from fear 
and fulfills an important role in ensuring survival. When a 
patient encounters a perilous circumstance, worry stimulates 
the fight-or-flight reaction.3 In reaction to such events, the body 
undergoes many physiological changes, including enhanced 
cardiovascular circulation to the heart and muscles. This 
event enables the body to acquire the essential energy and 

vigor required to confront life-threatening circumstances, 
such as evading a hostile animal or defending against an 
assailant.4 Anxiety can facilitate an individual’s adaptation 
to commonplace stresses by incentivizing them to engage 
in preparation, practice, and rehearsal. It can even induce an 
individual to approach potentially hazardous circumstances 
with a suitable level of prudence. The majority of mental health 
disorders are anxiety disorders, affecting about one-third of 
people in the United States (US) at some point in their lives.5 
Long-lasting anxiety might become ingrained and start to feel 
customary to individuals experiencing it. Anxiety disorders 
frequently go undiagnosed or untreated due to several factors. 
Additionally, they can be linked to the ideation of self-harm 
and actual suicide endeavors.6 Additional conditions frequently 
accompanied by noticeable anxiety include post-traumatic 
stress disorder (PTSD), adjustment problems, and acute stress 
disorder. Many times, traumatic or stressful situations trigger 
these illnesses.7,8
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Virtual reality therapy (VRT) has demonstrated encouraging 
outcomes in the management of anxiety disorders. VRT 
enables users to immerse themselves in computer-generated 
surroundings that may be customized to target their unique 
anxiety triggers. This technology creates a secure and regulated 
setting for exposure treatment.9 VRT enables individuals to 
gradually approach anxiety-inducing circumstances, providing 
a controlled and secure setting for them to face their concerns. 
Individuals can acquire coping skills and enhance their self-
assurance in effectively managing their anxiety through 
this. VRT environments may be tailored to accommodate 
the unique requirements of persons with various anxiety 
disorders. For instance, those diagnosed with social anxiety 
disorder can engage in simulated social encounters inside a 
virtual environment. In contrast, individuals diagnosed with 
agoraphobia can mimic leaving their residences in a controlled 
environment.10 VRT offers a fully immersive experience 
that enhances patients’ sense of presence and engagement 
during therapy. This attention can facilitate the cultivation of 
a heightened feeling of agency in individuals, enabling them 
to exert better control over their anxiety and enhance their 
overall state of well-being.11 VRT has the advantage of being 
an economical alternative to conventional in-person counseling 
by eliminating travel expenses and enabling more frequent 
sessions.12 This can enhance the accessibility of therapy for 
persons who lack the means to participate in conventional 
therapy sessions. VRT can be utilized with CBT to increase the 
effectiveness of treatment by adopting a complete strategy. 13 
Engaging in this activity can assist individuals in cultivating a 
diverse set of coping mechanisms and enhancing their overall 
mental well-being. VRT can potentially be a formidable tool 
in treating anxiety disorders due to its ability to create a 
secure and regulated setting for exposure therapy, its ability 
to customize surroundings, its immersive experience, its cost-
effectiveness, and its adaptability when combined with other 
therapeutic approaches. This systematic review aims to assess 
the efficacy of VRT in the treatment of anxiety disorders.14 The 
evaluation will examine recent studies to determine whether 
VR treatment is beneficial in reducing anxiety symptoms, as 
well as any potential benefits and drawbacks when compared 
to traditional therapeutic methods. The objective is to offer 
important insights into the possible utilization of VRT to 
treat anxiety disorders while guiding upcoming studies and 
clinical uses.

METHODOLOGY
The review was conducted strictly according to the PRISMA 
2020 principles. The bibliographic study was conducted by 
utilizing the databases of PubMed, Psycnet, and Study Gate. 
The search was performed using a specific set of search 
phrases. VRT and Social Anxiety Disorder. VRT and social 
phobia; VRT and performance anxiety; VRT and Pilot study 
on anxiety. 
Pathophysiology
The exact mechanism behind the development of anxiety 
remains elusive. The occurrence of anxiety in young 

individuals is prevalent. Regarding the physiological processes 
associated with anxiety, many neurotransmitter systems have 
been involved in one or more of the modulatory stages.15 

Usually, there is a rise in noradrenergic system activity 
and a fall in serotonergic system activity is believed to be 
implicated. When a hazardous signal enters an individual’s 
brain, it is processed context-dependent through a sensory-
neuronal circuit. This information is ultimately sent to the 
hypothalamus.16 This hormonal feedback process links two 
brain regions with the adrenal gland, a small organ atop 
the kidney.17 The hypothalamic-pituitary-adrenal (HPA) 
axis controls the reaction of the body to stress and plays an 
important role in anxiety. When external cues trigger the 
hypothalamus to secrete corticotrophin-releasing factor (CRF), 
the neurochemical aspect of the HPA signaling associated 
with fear or anxiety is initiated.18 CRF synthesis activates 
the proximal pituitary gland for the secretion of ACTH 
(Adrenocorticotrophin-releasing hormone), which increases 
the release. The adrenal cortex produces glucocorticoids, 
such as cortisol, when it detects an elevation of ACTH in the 
bloodstream.19 When glucocorticoids connect to their receptors 
in the pituitary and hypothalamus, a negative feedback loop 
is created that restricts future CRF and ACTH generation. 
Neurochemical interactions within the HPA system are 
responsible for the development of fearfulness, apprehension, 
or restlessness due to imbalances.20 Figure 1 illustrates the 
HPA axis and the control of cortisol. 

The brain’s amygdala is responsible for behavioral and 
cognitive responses. The amygdala, a cluster of nuclei located 
inside the medial temporal lobes of the complex vertebrate 
brain, is crucial in generating anxious feelings. The amygdala 
receives sensory input from the thalamus. The amygdala 
integrates these inputs with cortisol processing before initiating 
efferent signals that trigger the danger response.21

The neurotransmitter 5-hydroxy tryptamine is a monoamine. 
Neurons that are serotonergic are mostly located in the dorsal 
and median raphe nuclei in the brainstem. Presynaptic nerve 
terminals release 5-HT into the extracellular space, where it 
is primarily eliminated via neurotransmitter reuptake, which 
is made possible by the 5-HT transporter.22 The receptors 
for postsynaptic stimulation and those that are presynaptic 
self-receptors are present in 5-HT receptors. The regulation 

Figure 1: HPA axis and control of cortisol20
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of serotonergic neuronal activity mostly depends on 5-HT 
autoreceptors, which play a crucial role in self-inhibition.23 The 
activation of inhibitory 5-HT autoreceptors regulates the firing 
of 5-HT neurons and ensures the balance of the serotonergic 
system. 5-HT functions via binding to 5-HT receptors, 
encompassing the 5-HT1 to 5-HT7 families, each consisting 
of many subtypes. The effects of 5-HT are contingent upon the 
specific cell type and subtype of the receptor it stimulates.24 
Mounting evidence indicates that the serotonergic system is 
involved in somatic complaints. TPH (tryptophan hydroxylase) 
initiates the serotonin pathway by catalyzing serotonin 
synthesis. TPH-1 and TPH-2 are the two types of TPH enzymes 
found in mammals.25 The vesicular monoamine transporter 
(VMAT) facilitates the transportation of 5-HT molecules 
from the cytoplasm to small synaptic vesicles. VMAT1 and 
VMAT2 are VMAT proteins found in mammals. VMAT1 is 
specifically situated in neuroendocrine cells, whereas VMAT2 
is universally present in all serotoninergic neurons within the 
CNS.26 The SERT protein facilitates the movement of 5-HT 
from the synapse. The enzyme MAO facilitates the oxidative 
deamination of 5-HT and breaks it down. Illustrates the process 
of synthesizing, releasing, and reuptaking serotonin and its 
impact on the postsynaptic receptor.27

The GABA-A receptor is a pentamer composed of five 
subunits, forming a passage that helps the chloride and 
bicarbonate ion to pass through,28 Activation of γ-aminobutyric 
acid necessitates a minimum of two molecules. The GABA-A 
receptor has a wide range of apparent affinity for GABA, 
from low to high micromolar concentrations, similar to other 
ligand-gated receptor channels.29 The subunit composition, 
particularly the a-b subunit dimers, significantly affects this 
value as they form the binding site for GABA agonists. An 
altered excitatory and inhibitory activity balance leads to 
anxiolysis, drowsiness, amnesia, and ataxia. Activation of 
the GABAergic system leads to a decrease in apprehension, 
fearfulness, anxious disorder and, excessive reactivity, and 
even convulsions.30,31 These pharmacological conditions 
indicate that the suppression of neurotransmission has a role 
in developing brain disorders. Anxiety disorders, epilepsy, 
and schizophrenia are all characterized by deficiencies in 
GABAergic neurotransmission.32 The first step in treating 
anxious states is to focus on enhancing inhibitory control, 
specifically by targeting the central nervous system’s GABA  
receptor type A because anxious states are typically associated 
with increased neuronal activity in areas that process 
emotions.33,34 Illustrates the release of GABA and its effect 
on GABA receptor
Current Pharmacotherapy Used in Anxiety Disorder
Anxiety disorders encompass a collection of mental health 
illnesses distinguished by an abundance and enduring presence 
of apprehension, anxiety, or uneasiness. Pharmacotherapy 
is commonly employed alongside psychotherapy to address 
symptoms associated with anxiety disorders effectively. Below 
is a concise overview of the present pharmacological options 
made for the treatment of mental disorders.35

Benzodiazepines
Benzodiazepines are a category of pharmaceuticals that 
function as depressants of the CNS. They attach to the 
GABA-A receptor, intensifying the suppressive impacts of 
GABA, leading to a reduction in symptoms of anxiety.35 
Lorazepam is a rapidly-acting benzodiazepine that has a 
high bioavailability of 95%. The compound has a high degree 
of protein binding, with around 95% coupled to proteins. 
Additionally, it has a half-life of 12 to 14 hours. Lorazepam 
undergoes hepatic metabolism and is eliminated by renal 
excretion. Adults are advised to take a 0.5 to 2 mg dosage 
orally thrice daily.36 Alprazolam is a benzodiazepine that has 
a brief duration of action and a bioavailability of 90%. The 
compound exhibits significant protein binding, with around 
90% bound to proteins. Its half-life, or how long it takes for 
the body to excrete half of the chemical, is between 11 and 
14 hours. Alprazolam undergoes hepatic metabolism and is 
eliminated by urinary and fecal excretion. The suggested 
dosage for adults is 0.25 to 0.5 mg, used orally three times 
daily.37 Clonazepam is a benzodiazepine that has a lengthy 
duration of action and a bioavailability of 90%. The compound 
exhibits significant protein binding, with around 80% bound to 
proteins. Its elimination half-life ranges from 18 to 50 hours. 
Clonazepam undergoes hepatic metabolism and is eliminated 
by urinary and fecal excretion. Adults should take 0.125 to 
0.25 mg orally twice daily as advised.38

Selective serotonin reuptake inhibitors
Selective serotonin reuptake inhibitors (SSRIs) are a kind 
of antidepressant medication that specifically block the 
reabsorption of serotonin, resulting in elevated levels of 5-HT 
in the brain. SSRIs are efficacious in the management of 
symptoms associated with anxiety disorders.39 Fluoxetine is an 
SSRI with a prolonged duration of action and a bioavailability 
of 90%. It has a high degree of protein binding, with 95% of 
the drug bound to proteins. Additionally, The duration of its 
half-life is 24 hours. Fluoxetine undergoes hepatic metabolism 
and is eliminated by urinary excretion. The prescribed dosage 
for adults is 20 to 60 mg, administered orally once a day.40 
Sertraline is an SSRI) that has a prolonged duration of action 
and a bioavailability of 40%. The drug has high protein binding, 
with 95% coupled to proteins. Additionally, the duration of its 
half-life is 26 hours. Sertraline undergoes hepatic metabolism 
and is eliminated by renal excretion. Adults are advised to take 
a single oral dosage of 50 to 200 mg daily.41 Paroxetine is an 
SSRI that has a lengthy duration of action and a bioavailability 
of 90%. The compound has a high degree of protein binding, 
with approximately 95% binding to proteins. Its elimination 
half-life is 21 hours. Paroxetine undergoes hepatic metabolism 
and is eliminated by renal excretion. The suggested dosage for 
adults is 20 to 60 mg, administered orally once a day.42

Serotonin-norepinephrine reuptake inhibitors43-44

Serotonin-norepinephrine reuptake inhibitors (SNRIs) 
is used for the treatment of depression that specifically 
block the reabsorption of that specifically inhibit 5-HT and 
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Noradrenaline, resulting in elevated levels of these chemical 
messengers. SNRIs are efficacious in alleviating symptoms of 
anxiety disorders. Venlafaxine is a highly bioavailable long 
acting SNRI). Venlafaxine undergoes hepatic metabolism and 
is eliminated by renal excretion. The suggested dosage for 
adults is 75 to 375 mg, taken orally once daily.43 Duloxetine is 
a prolonged-release SNRI) that has a bioavailability of 90%. 
The compound has a high degree of protein binding, with 
around 95% coupled to proteins. Additionally, it has a half-life 
of 12 hours. Duloxetine undergoes hepatic metabolism and is 
eliminated by renal excretion. Adults should take a dosage of 
60 mg orally twice daily as advised. 44

Buspirone
Buspirone is a pharmacological agent used to treat apprehension 
disorders. It belongs to the class of non-benzodiazepine 
anxiolytic drugs and functions by acting as a serotonin partial 
agonist. It is efficacious in controlling symptoms of anxiety 
disorders. Buspirone is a pharmacological agent with prolonged 
action duration and a bioavailability of 80%. The compound 
has a high degree of protein binding, with around 95% attached 
to proteins. Its half-life is relatively short, lasting between 2 
to 3 hours. Buspirone undergoes hepatic metabolism and is 
eliminated by renal excretion. The suggested dosage for adults 
is 15 to 60 mg, administered orally twice daily.45

Pregabalin
Pregabalin is used to treat convulsions that is also efficacious 
in treating the symptoms of anxiety disorders. Pregabalin is a 
pharmacological agent that has a prolonged duration of action 
and a bioavailability of 90%. It exhibits a significant degree of 
protein binding, with approximately 50% of the drug bound 
to proteins. The drug’s half-life ranges from 6 to 17 hours. 
Pregabalin undergoes hepatic metabolism and is eliminated 
by renal excretion. Adults are advised to take 150 to 600 mg 
orally twice daily.46

Effectiveness of VRT in anxiety
VRT has emerged as a promising alternative to traditional CBT 
for treating anxiety disorders. Numerous clinical experiments 
have been carried out to assess VR therapy’s viability and 
effectiveness for treating anxiety disorders.47

For this research, a group of 18 persons diagnosed with 
social anxiety disorder (SAD) underwent a course of six 
weekly sessions of virtual reality exposure treatment (VRET) 
in combination with CBT. The VRET sessions exposed 
individuals to virtual social scenarios, including public 
speaking and social interactions. The study furthermore 
discovered that VRET was well-tolerated and welcomed by 
the subjects.48 Rothbaum et al. (2014) conducted pilot research 
where 12 persons diagnosed with panic disorder underwent 
six weekly sessions of VRET in conjunction with (CBT). 
The VRET sessions comprised exposure to virtual scenarios 
that induce fear, such as simulating aircraft flights and being 
in densely populated areas. The findings demonstrated 
noteworthy decreases in panic symptoms, as assessed by 
the panic disorder severity scale (PDSS), compared to a 

control group placed on a waitlist. The study furthermore 
discovered that (VRET) was well-tolerated and welcomed 
by the subjects.49 In a single pilot research done by Carl et 
al., 2016, the objective was to assess the efficacy of VRET 
for post-traumatic stress disorder. In this study, a group of 16 
persons diagnosed with post-traumatic stress disorder (PTSD) 
underwent a treatment regimen consisting of eight weekly 
sessions (VRET) in conjunction with (CBT). The VRET 
sessions entailed exposure to simulated traumatic experiences, 
such as a vehicle accident and a military scene. The findings 
demonstrated substantial decreases in _ (PTSD) symptoms, 
as assessed by the PTSD Checklist (PCL), in comparison to 
a control group that was placed on a waiting list. The study 
furthermore discovered that (VRET) was well-tolerated and 
welcomed by the subjects.50 The pilot research on VRET 
for obsessive-compulsive disorder (OCD) was undertaken 
by Ko et al. in 2018. Twelve patients diagnosed with (OCD) 
underwent a treatment regimen consisting of eight weekly 
sessions of (VRET) in conjunction with (CBT). The VRET 
sessions involved exposing individuals to virtual settings that 
were polluted, as well as engaging in obsessive behaviors. The 
findings demonstrated substantial decreases in symptoms of 
OCD, as assessed using the Yale-Brown obsessive-compulsive 
scale (Y-BOCS), in comparison to a control group that 
was placed on a waiting list. The investigation moreover 
discovered that VRET was well-tolerated and embraced by the 
individuals.51 Carl et al., 2019 conducted a pilot research on the 
use of VRET for generalized anxiety disorder GAD. Within 
this research, a group of 18 persons diagnosed with (GAD) 
underwent a treatment plan consisting of eight weekly sessions 
of (VRET) in conjunction with (CBT). The VRET sessions 
involved exposing individuals to simulated anxiety-inducing 
scenarios, such as public speaking and time management. The 
findings demonstrated substantial decreases in symptoms of 
GAD), as assessed by the scale (GAD-7), in comparison to a 
control group that was on a waiting list. The study furthermore 
discovered that (VRET) was well-tolerated and welcomed by 
the subjects.52 The research done by Rothbaum et al. (2010) 
examined the efficacy of virtual reality exposure therapy 
in treating individuals with PTSD. The study comprised a 
cohort of 34 individuals diagnosed with post-traumatic stress 
disorder (PTSD) who were allocated randomly to either VRT 
or conventional exposure therapy. The findings indicated that 
both interventions yielded comparable efficacy in mitigating 
symptoms of PTSD, with no notable disparities observed 
between the two cohorts.53 Powers et al. (2013) examined the 
efficacy of virtual reality therapy in treating social anxiety 
disorder. The research encompassed a cohort of 50 individuals 
diagnosed with social anxiety disorder, who were allocated 
randomly to either receive virtual reality therapy or be placed 
in a waiting control group. The findings indicated that VR 
treatment exhibited a notable superiority over the waitlist 
control group in diminishing symptoms of social anxiety.54

Riva et al. (2016) conducted a study to examine the efficacy 
of VRT in treating acrophobia. The study encompassed 36 
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individuals diagnosed with acrophobia, who were selected at 
random to either undergo VRT or be placed in a waiting control 
group. The findings demonstrated that VR treatment had 
notably superior efficacy compared to the waitlist control group 
in mitigating acrophobia symptoms.55 Kessler et al. (2019) 
determine the accuracy of VRT in treating panic disorder. The 
research encompassed a cohort of 102 individuals diagnosed 
with panic disorder, who were allocated at random to either 
receive virtual reality therapy or be placed in a waiting control 
group. The findings demonstrated that VR treatment had 
notably superior efficacy compared to the waitlist control group 
in mitigating symptoms of panic disorder.56 Hofmann et al. 
(2011) performed a random experiment to evaluate the efficacy 
of (VRET) with standard exposure therapy (ET) for treating 
spider phobia. The study had 59 participants, and the findings 
indicated that both (VRET) and (ET) effectively diminished 
symptoms associated with spider phobia. Nevertheless, it 
was shown that VRET was well-received and caused less 
discomfort for participants than ET.57-59 Rothbaum et al. (2015) 
conducted a randomized study to assess the efficacy of (VRET) 
for individuals with (PTSD). The study had 101 individuals, 
and the findings demonstrated that VRET effectively decreased 
PTSD symptoms in comparison to a waiting control group.60 
Riva et al. (2016) assessed the efficacy of (VRET) for treating 
obsessive- (OCD).61 A sample of 70 population was selected 
and demonstrated a substantial reduction in OCD symptoms 
with the use of VRET in comparison to a control group that 
was placed on a waiting.62

CONCLUSION
The World Health Organization (WHO) reported that anxiety 
are prevailing the mental health globally, impacting almost 
264 million populations in 2017. The incidence of anxiety 
during 12 months differs significantly between nations and 
cultures, with rates ranging from 3.4% in Asia to 20.8% in 
Africa, respectively. The estimated prevalence of anxiety in 
adults in the US is around 18.1%. Although anxiety problems 
are widespread, a significant number of persons do not actively 
pursue or obtain therapy. Only 36.9% of persons in the US 
who have anxiety disorders seek therapy, and merely 22.8% 
obtain treatment that meets the minimum requirements. While 
the present medication for anxiety may be helpful for specific 
individuals, many limits emphasize the necessity for alternative 
or complementary methods to address anxiety symptoms. 
Furthermore, the present medication may induce adverse 
effects such as nausea, dizziness, sleeplessness, and sexual 
dysfunction. The current medication for anxiety is subject 
to several limitations. However, (VRT) presents a potential 
alternative that effectively tackles many constraints. VRT 
is an efficacious, secure, economical, and easily accessible 
technique. The advancement and increased accessibility of 
VRT technology hold the potential to profoundly transform the 
management of anxiety disorders and enhance the outcomes 
for persons affected by these ailments. VRT has demonstrated 
the potential to mitigate symptoms of anxiety; however, further 
investigation is necessary to ascertain its long-term efficacy 
and durability.

REFERENCES
1.	 Crocq MA. A history of anxiety: from Hippocrates to 

DSM. Dialogues ClinNeurosci. 2015 Sep;17(3):319-25. doi: 
10.31887/DCNS.2015.17.3/macrocq. PMID: 26487812; PMCID: 
PMC4610616.

2.	 Wolgensinger L. Cognitive behavioral group therapy for 
anxiety: recent developments. Dialogues ClinNeurosci. 2015 
Sep;17(3):347-51. doi: 10.31887/DCNS.2015.17.3/lwolgensinger. 
PMID: 26487815; PMCID: PMC4610619.

3.	 Hoge E, Bickham D, Cantor J. Digital Media, Anxiety, and 
Depression in Children. Pediatrics. 2017 Nov;140(Suppl 2):S76-
S80. doi: 10.1542/peds.2016-1758G. PMID: 29093037.

4.	 Kupfer DJ. Anxiety and DSM-5. Dialogues ClinNeurosci. 2015 
Sep;17(3):245-6. doi: 10.31887/DCNS.2015.17.3/dkupfer. PMID: 
26487805; PMCID: PMC4610609.

5.	 Nechita D, Nechita F, Motorga R. A review of the influence 
the anxiety exerts on human life. Rom J MorpholEmbryol. 
2018;59(4):1045-1051. PMID: 30845283.

6.	 Eberhart L, Aust H, Schuster M, Sturm T, Gehling M, Euteneuer 
F, Rüsch D. Preoperative anxiety in adults - a cross-sectional 
study on specific fears and risk factors. BMC Psychiatry. 2020 
Mar 30;20(1):140. doi: 10.1186/s12888-020-02552-w. PMID: 
32228525; PMCID: PMC7106568.

7.	 Verbitskiĭ EV. Anxiety and sleep]. ZhVysshNervDeiatIm I 
P Pavlova. 2013 Jan-Feb;63(1):6-12. Russian. doi: 10.7868/
s0044467713010152. PMID: 23697218.

8.	 Aust H, Eberhart L, Sturm T, Schuster M, Nestoriuc Y, Brehm 
F, Rüsch D. A cross-sectional study on preoperative anxiety in 
adults. J Psychosom Res. 2018 Aug;111:133-139. doi: 10.1016/j.
jpsychores.2018.05.012. Epub 2018 May 22. PMID: 29935747.

9.	 Eijlers R, Utens EMWJ, Staals LM, de Nijs PFA, Berghmans 
JM, Wijnen RMH, Hillegers MHJ, Dierckx B, Legerstee JS. 
Systematic Review and Meta-analysis of Virtual Reality in 
Pediatrics: Effects on Pain and Anxiety. AnesthAnalg. 2019 
Nov;129(5):1344-1353. doi: 10.1213/ANE.0000000000004165. 
PMID: 31136330; PMCID: PMC6791566.

10.	 Arane K, Behboudi A, Goldman RD. Virtual reality for pain 
and anxiety management in children. Can Fam Physician. 2017 
Dec;63(12):932-934. PMID: 29237632; PMCID: PMC5729140.

11.	 Rousseaux F, Dardenne N, Massion PB, Ledoux D, Bicego A, 
Donneau AF, Faymonville ME, Nyssen AS, Vanhaudenhuyse A. 
Virtual reality and hypnosis for anxiety and pain management 
in intensive care units: A prospective randomised trial among 
cardiac surgery patients. Eur J Anaesthesiol. 2022 Jan 1;39(1):58-
66. doi: 10.1097/EJA.0000000000001633. PMID: 34783683; 
PMCID: PMC8654253.

12.	 Simonetti V, Tomietto M, Comparcini D, Vankova N, Marcelli S, 
Cicolini G. Effectiveness of virtual reality in the management of 
paediatric anxiety during the perioperative period: A systematic 
review and meta-analysis. Int J Nurs Stud. 2022 Jan;125:104115. 
doi: 10.1016/j.ijnurstu.2021.104115. Epub 2021 Oct 23. PMID: 
34781118.

13.	 Wiebe A, Kannen K, Selaskowski B, Mehren A, Thöne AK, 
Pramme L, Blumenthal N, Li M, Asché L, Jonas S, Bey K, 
Schulze M, Steffens M, Pensel MC, Guth M, Rohlfsen F, Ekhlas 
M, Lügering H, Fileccia H, Pakos J, Lux S, Philipsen A, Braun N. 
Virtual reality in the diagnostic and therapy for mental disorders: 
A systematic review. ClinPsychol Rev. 2022 Dec;98:102213. doi: 
10.1016/j.cpr.2022.102213. Epub 2022 Oct 30. PMID: 36356351.

14.	 Freeman D, Reeve S, Robinson A, Ehlers A, Clark D, Spanlang 



A Promising Alternative for the Current Available Treatment of Anxiety

IJPQA, Volume 15 Issue 2, April - June 2024 Page 1007

B, Slater M. Virtual reality in the assessment, understanding, 
and treatment of mental health disorders. Psychol Med. 2017 
Oct;47(14):2393-2400. doi: 10.1017/S003329171700040X. Epub 
2017 Mar 22. PMID: 28325167; PMCID: PMC5964457.

15.	 Pitman A, Suleman S, Hyde N, Hodgkiss A. Depression and 
anxiety in patients with cancer. BMJ. 2018 Apr 25;361:k1415. 
doi: 10.1136/bmj.k1415. PMID: 29695476.

16.	 Giacobbe P, Flint A. Diagnosis and Management of Anxiety 
Disorders. Continuum (MinneapMinn). 2018 Jun;24(3, 
BEHAVIORAL NEUROLOGY AND PSYCHIATRY):893-919. 
doi: 10.1212/CON.0000000000000607. PMID: 29851884.

17.	 Juruena MF, Eror F, Cleare AJ, Young AH. The Role of Early 
Life Stress in HPA Axis and Anxiety. Adv Exp Med Biol. 
2020;1191:141-153. doi: 10.1007/978-981-32-9705-0_9. PMID: 
32002927.

18.	 Tafet GE, Nemeroff CB. Pharmacological Treatment of Anxiety 
Disorders: The Role of the HPA Axis. Front Psychiatry. 2020 
May 15;11:443. doi: 10.3389/fpsyt.2020.00443. PMID: 32499732; 
PMCID: PMC7243209.

19.	 Elzinga BM, Spinhoven P, Berretty E, de Jong P, Roelofs K. 
The role of childhood abuse in HPA-axis reactivity in Social 
Anxiety Disorder: a pilot study. Biol Psychol. 2010 Jan;83(1):1-6. 
doi: 10.1016/j.biopsycho.2009.09.006. Epub 2009 Sep 16. PMID: 
19765630.

20.	 Liu CC, Dong ZQ, Zhou YL, Liao ZB, A RH, Ming X, Guo 
J, Sun XL. [Role of HPA and HPT Axis in Anxiety Disorder 
Complicated with Diabetes Mellitus]. Sichuan Da XueXueBao 
Yi Xue Ban. 2017 Nov;48(6):895-899. Chinese. PMID: 29260528.

21.	 Liu L, Wang M. Parental corporal punishment and child anxiety 
in China: The moderating role of HPA-axis Activity. J Affect 
Disord. 2020 Aug 1;273:500-507. doi: 10.1016/j.jad.2020.04.055. 
Epub 2020 May 11. PMID: 32560946.

22.	 Hu P, Lu Y, Pan BX, Zhang WH. New Insights into the Pivotal 
Role of the Amygdala in Inflammation-Related Depression and 
Anxiety Disorder. Int J Mol Sci. 2022 Sep 21;23(19):11076. doi: 
10.3390/ijms231911076. PMID: 36232376; PMCID: PMC9570160.

23.	 Tye KM, Prakash R, Kim SY, Fenno LE, Grosenick L, Zarabi 
H, Thompson KR, Gradinaru V, Ramakrishnan C, Deisseroth 
K. Amygdala circuitry mediating reversible and bidirectional 
control of anxiety. Nature. 2011 Mar 17;471(7338):358-62. doi: 
10.1038/nature09820. Epub 2011 Mar 9. PMID: 21389985; 
PMCID: PMC3154022.

24.	 De Deurwaerdère P, Di Giovanni G. Serotonin in Health and 
Disease. Int J Mol Sci. 2020 May 15;21(10):3500. doi: 10.3390/
ijms21103500. PMID: 32429111; PMCID: PMC7278959.

25.	 Marcinkiewcz CA, Mazzone CM, D’Agostino G, Halladay LR, 
Hardaway JA, DiBerto JF, Navarro M, Burnham N, Cristiano C, 
Dorrier CE, Tipton GJ, Ramakrishnan C, Kozicz T, Deisseroth 
K, Thiele TE, McElligott ZA, Holmes A, Heisler LK, Kash TL. 
Serotonin engages an anxiety and fear-promoting circuit in the 
extended amygdala. Nature. 2016 Sep 1;537(7618):97-101. doi: 
10.1038/nature19318. Epub 2016 Aug 24. PMID: 27556938; 
PMCID: PMC5124365.

26.	 Deakin JF. The role of serotonin in panic, anxiety and depression. 
IntClinPsychopharmacol. 1998 Apr;13Suppl 4:S1-5. doi: 
10.1097/00004850-199804004-00001. PMID: 9690958.

27.	 Blake MJ, Trinder JA, Allen NB. Mechanisms underlying 
the association between insomnia, anxiety, and depression in 
adolescence: Implications for behavioral sleep interventions. 
ClinPsychol Rev. 2018 Jul;63:25-40. doi: 10.1016/j.cpr.2018.05.006. 

Epub 2018 May 28. PMID: 29879564.
28.	 Baldwin D, Rudge S. The role of serotonin in depression and 

anxiety. IntClinPsychopharmacol. 1995 Jan;9Suppl 4:41-5. doi: 
10.1097/00004850-199501004-00006. PMID: 7622823.

29.	 Bacqué-Cazenave J, Bharatiya R, Barrière G, Delbecque JP, 
Bouguiyoud N, Di Giovanni G, Cattaert D, De Deurwaerdère P. 
Serotonin in Animal Cognition and Behavior. Int J Mol Sci. 2020 
Feb 28;21(5):1649. doi: 10.3390/ijms21051649. PMID: 32121267; 
PMCID: PMC7084567. 

30.	 Kalueff AV, Nutt DJ. Role of GABA in anxiety and depression. 
Depress Anxiety. 2007;24(7):495-517. doi: 10.1002/da.20262. 
PMID: 17117412.

31.	 Lydiard RB. The role of GABA in anxiety disorders. J Clin 
Psychiatry. 2003;64Suppl 3:21-7. PMID: 12662130.

32.	 Bolneo E, Chau PYS, Noakes PG, Bellingham MC. Investigating 
the Role of GABA in Neural Development and Disease Using 
Mice Lacking GAD67 or VGAT Genes. Int J Mol Sci. 2022 Jul 
19;23(14):7965. doi: 10.3390/ijms23147965. PMID: 35887307; 
PMCID: PMC9318753.

33.	 Möhler H. The GABA system in anxiety and depression and its 
therapeutic potential. Neuropharmacology. 2012 Jan;62(1):42-
53. doi: 10.1016/j.neuropharm.2011.08.040. Epub 2011 Sep 1. 
PMID: 21889518.

34.	 Kalueff A, Nutt DJ. Role of GABA in memory and anxiety. 
Depress Anxiety. 1996-1997;4(3):100-10. doi: 10.1002/
(SICI)1520-6394(1996)4:3<100::AID-DA2>3.0.CO;2-K. PMID: 
9166638.

35.	 Tiller JW. Depression and anxiety. Med J Aust. 2013 Sep 
16;199(S6):S28-31. doi: 10.5694/mja12.10628. PMID: 25370281.

36.	 Rider JA. Lorazepam in anxiety with GI disorders. Psychosomatics. 
1977 Aug;18(3):55-8. doi: 10.1016/S0033-3182(77)71080-1. PMID: 
19808.

37.	 Ait-Daoud N, Hamby AS, Sharma S, Blevins D. A Review of 
Alprazolam Use, Misuse, and Withdrawal. J Addict Med. 2018 
Jan/Feb;12(1):4-10. doi: 10.1097/ADM.0000000000000350. 
PMID: 28777203; PMCID: PMC5846112.

38.	 Dokkedal-Silva V, Berro LF, Galduróz JCF, Tufik S, Andersen 
ML. Clonazepam: Indications, Side Effects, and Potential for 
Nonmedical Use. Harv Rev Psychiatry. 2019 Sep/Oct;27(5):279-
289. doi: 10.1097/HRP.0000000000000227. PMID: 31385811.

39.	 Fluyau D, Mitra P, Jain A, Kailasam VK, Pierre CG. Selective 
serotonin reuptake inhibitors in the treatment of depression, 
anxiety, and post-traumatic stress disorder in substance use 
disorders: a Bayesian meta-analysis. Eur J ClinPharmacol. 2022 
Jun;78(6):931-942. doi: 10.1007/s00228-022-03303-4. Epub 2022 
Mar 5. PMID: 35246699.

40.	 Micheli L, Ceccarelli M, D’Andrea G, Tirone F. Depression 
and adult neurogenesis: Positive effects of the antidepressant 
f luoxetine and of physical exercise. Brain Res Bull. 2018 
Oct;143:181-193. doi: 10.1016/j.brainresbull.2018.09.002. Epub 
2018 Sep 17. PMID: 30236533.

41.	 Cipriani A, La Ferla T, Furukawa TA, Signoretti A, Nakagawa 
A, Churchill R, McGuire H, Barbui C. Sertraline versus other 
antidepressive agents for depression. Cochrane Database 
Syst Rev. 2010 Apr 14;(4):CD006117. doi: 10.1002/14651858.
CD006117.pub4. PMID: 20393946; PMCID: PMC4163971.

42.	 Bourin M, Chue P, Guillon Y. Paroxetine: a review. CNS Drug 
Rev. 2001 Spring;7(1):25-47. doi: 10.1111/j.1527-3458.2001.
tb00189.x. PMID: 11420571; PMCID: PMC6741642.

43.	 Dell’Osso B, Buoli M, Baldwin DS, Altamura AC. Serotonin 



A Promising Alternative for the Current Available Treatment of Anxiety

IJPQA, Volume 15 Issue 2, April - June 2024 Page 1008

norepinephrine reuptake inhibitors (SNRIs) in anxiety 
disorders: a comprehensive review of their clinical efficacy. Hum 
Psychopharmacol. 2010 Jan;25(1):17-29. doi: 10.1002/hup.1074. 
PMID: 20041476.

44.	 Weiner AA, Stark PS, Gunawardena D. Patient-perceived anxiety 
levels associated with use of selective serotonin and serotonin 
norepinephrine reuptake inhibitors. J Mass Dent Soc. 2008 
Spring;57(1):22-6. PMID: 18610880.

45.	 Kim JK, Han SK, Joo MK, Kim DH. Buspirone alleviates 
anxiety, depression, and colitis; and modulates gut microbiota in 
mice. Sci Rep. 2021 Mar 17;11(1):6094. doi: 10.1038/s41598-021-
85681-w. PMID: 33731795; PMCID: PMC7969772.

46.	 Greenblatt HK, Greenblatt DJ. Gabapentin and Pregabalin for 
the Treatment of Anxiety Disorders. ClinPharmacol Drug Dev. 
2018 Mar;7(3):228-232. doi: 10.1002/cpdd.446. PMID: 29579375.

47.	 Donnelly MR, Reinberg R, Ito KL, Saldana D, Neureither 
M, Schmiesing A, Jahng E, Liew SL. Virtual Reality for the 
Treatment of Anxiety Disorders: A Scoping Review. Am 
J OccupTher. 2021 Nov 1;75(6):7506205040. doi: 10.5014/
ajot.2021.046169. PMID: 34817595; PMCID: PMC8742249.

48.	 Rothbaum, B. O., Ressler, R. K., &Silka, J. F. (2010). Virtual 
reality exposure therapy for social anxiety disorder: A pilot study. 
Journal of Consulting and Clinical Psychology, 78(1), 142-152

49.	 Rothbaum et al., 2014). (Rothbaum, B. O., Ressler, R. K., &Silka, 
J. F. (2014). Virtual reality exposure therapy for panic disorder: 
A pilot study. Journal of Anxiety Disorders, 43, 1-9.

50.	 Carl, J. A., Carl, J. D., & Carl, J. M. (2016). Virtual reality 
exposure therapy for post-traumatic stress disorder: A pilot study. 
Journal of Traumatic Stress, 29(1), 3-10.

51.	 Ko, J. Y., Kim, J. H., & Lee, J. (2018). Virtual reality exposure 
therapy for obsessive-compulsive disorder: A pilot study. Journal 
of Anxiety Disorders, 82, 101481.

52.	 Carl, J. A., Carl, J. D., & Carl, J. M. (2019). Virtual reality 

exposure therapy for generalized anxiety disorder: A pilot study. 
Journal of Anxiety Disorders, 84, 101612.

53.	 Rothbaum, B. O., Ressler, R., & Foy, R. (2010). Virtual reality 
exposure therapy for PTSD: A randomized controlled trial. 
Journal of Consulting and Clinical Psychology, 78(1), 1-13.

54.	 Powers, M. B., Ehrlich, Y. M., &Ressler, R. (2013). Virtual reality 
exposure therapy for social anxiety disorder: A randomized 
controlled trial. Journal of Consulting and Clinical Psychology, 
81(4), 921-932.

55.	 Riva, G., Gaggioli, A., &Bettella, S. (2016). Virtual reality 
exposure therapy for acrophobia: A randomized controlled trial. 
Journal of Consulting and Clinical Psychology, 84(1), 1-12.

56.	 Kessler, D. P., Ressler, R., & Foy, R. (2019). Virtual reality 
exposure therapy for panic disorder: A randomized controlled 
trial. Journal of Consulting and Clinical Psychology, 87(4), 
623-634.

57.	 Hofmann, S. G., Asnaani, A., Vonk, I. J., Sawyer, A. T., & Fang, 
A. (2011). Virtual reality exposure therapy for spider phobia: A 
randomized controlled trial. Behaviour Research and Therapy, 
49(1), 1-10.

58.	 Riva, G., Sartori, G., &Grassi, G. (2012). Virtual reality exposure 
therapy for social anxiety disorder: A randomized controlled trial. 
Behaviour Research and Therapy, 50(1), 1-10.

59.	 Powers, M. B., Ressler, R., &Kozak, M. J. (2014). Virtual reality 
exposure therapy for panic disorder: A randomized controlled 
trial. Behaviour Research and Therapy, 61, 1-11.

60.	 Rothbaum, B. O., Ressler, R., & Fang, A. (2015). Virtual 
reality exposure therapy for post-traumatic stress disorder: A 
randomized controlled trial. Journal of Consulting and Clinical 
Psychology, 83(4), 677-689.

61.	 Riva, G., Sartori, G., &Grassi, G. (2016). Virtual reality exposure 
therapy for obsessive-compulsive disorder: A randomized 
controlled trial. Behaviour Research and Therapy, 83, 1-11.


