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Nature Experience-based Virtual Reality Improves Depressive
Symptoms in a Young Population: A Pilot Study

Da-Been Lee'”, Seung-Lim Yoo, Sang Shin Pyo4’**, Jinkwan Kim>*"*, Bo-Gyu Kim™",
Suhng-Wook Kim""**, Byung-Jung Ko>"** and Dae Wui Yoon™ """

'Department of Health and Safety Convergence Science, Graduate School, Korea University, Seoul 02841, Korea
ZSleep Medicine Institute, Jungwon University, Goesan, Chungcheongbuk-do 28204, Korea
*Department of Biomedical Laboratory Science, Jungwon University, Goesan, Chungcheongbuk-do 28204, Korea
*Department of Biomedical Laboratory Science, Shinhan University, Gyeonggi-do 11644, Korea
5Department of Theater and Film, Jungwon University, Goesan, Chungcheongbuk-do 28204, Korea

Although there have been several attempts to use virtual reality (VR) in the treatment of depression, the results have
been inconsistent and existing studies have mostly relied on subjective measures to assess the effectiveness of VR in
improving depression. The aim of this study was to investigate the effect of nature experience-based VR intervention
on depressive symptoms in a young population using both subjective and objective measurements. The study population
included 15 participants who had more than 14 identifiers of the Korean Beck Depression Inventory (K-BDI)-II. Participants
received three weeks (four times per week) of VR intervention. The effectiveness of VR was assessed through changes
in K-BDI-II scores and depression-related blood biomarkers. Nature experience-based VR intervention led to an
approximately 50% reduction of K-BDI-II score (before 25.71+7.7 vs. after 12.51+8.3 (P<0.001)). Of these, loss of
pleasure and fatigue showed the largest amount of improvement. However, levels of cortisol, brain-derived neurotrophic
factor, and interleukin-6 did not differ from those at baseline. The findings of our pilot study suggest that nature experience-
based VR can be a useful adjunctive treatment method for improving depressive symptoms in individuals who have
difficulty accessing the real outside natural environment.
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(Willner et al., 2013). Depression can be long-lasting or

INTRODUCTION recurrent, and it can have a significant impact on a person's

ability to function at work or school or to cope with every-

Depression is a very common psychiatric disorder that day life. This mental disorder is one of the greatest public
negatively impacts daily life. It is characterized by prolonged health problems, affecting approximately 320 million people

periods of sadness or loss of pleasure or interest in activities worldwide (World Health Organization, 2022). The pre-
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valence of depression in a population varies by region, age,
and gender, and the estimated number of depressed people
is increasing. According to a World Health Organization
(WHO) report (World Health Organization, 2022), depres-
sion is more prevalent in Southeast Asian and Western
metropolitan regions, and it is more prevalent among women
than men and among older people than younger people.

Several clinical studies and animal studies have been
conducted to understand the pathophysiology of depression.
Associations have been identified between depression and
reduced levels of monoamines, increased level of blood
cortisol, increased levels of inflammatory cytokines, de-
creased neuroplasticity and neurogenesis-regulating factor,
specific gene variants, and epigenetic factors (Malhi and
Mann, 2018).

Psychological treatment (e.g., behavioral activation, cogni-
tive behavioral therapy, and problem-solving therapy), anti-
depressant medication (e.g., selective serotonin reuptake
inhibitors), and brain stimulation therapy can be effective
means of treating depression. Among them, psychotherapy
is typically considered the primary treatment option (WHO,
2000; Segal et al., 2001). Recently, several studies have been
conducted using virtual reality (VR) to treat depression as
part of a psychological treatment plan, and the reported
results were positive (Beevers et al., 2017; Dehn et al., 2018).

VR is a computer-generated simulation of life-like scenes
and objects that enables users to immerse themselves in
certain surroundings. Using specialized electronics equipped
with a head-mounted display (HMD), computer, speakers,
and headphones, the user can see, hear, and even feel in a
virtual or simulated environment. Over the past few decades,
VR has been employed as an effective treatment option for
several medical symptoms or psychiatric diseases (Ioannou
et al., 2020; Park et al., 2019). Through several case reports,
clinical trials, and meta-analyses, beneficial effects of VR
exposure therapy (VRET) have been reported for depression,
specific phobias (Garcia-Palacios et al., 2002; Wallach and
Bar-Zvi, 2007), anxiety disorders (Carl et al., 2019; Opris
al., 2012), posttraumatic distress disorders (McLay et al.,
2012), and schizophrenia (Park et al., 2011).

Experience in nature has many benefits for healthy

psychological functioning. Various studies have shown that
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exposure to natural environments (e.g., walking in outdoor
nature areas or even viewing nature images or videos) can
reduce stress levels while increasing positive affect (Bratman
et al., 2012). Based on these promising findings, several
attempts have been undertaken to use VR technology to
provide nature experiences for promoting feelings of re-
laxation and relieving pain, anxiety, or distress in patients
undergoing certain medical procedures (Furman et al., 2009;
Mosso et al., 2009; Scates et al., 2020). Significant improve-
ments in patient affect have been observed.

To the best of our knowledge, most studies have assessed
the impact of VR on depressive symptoms in subjective
approaches, such as questionnaires, and few have examined
the positive effects of VR on depressive symptomes through
blood markers. Therefore, in this study, we explored the
impact of a nature experience-based VR on depressive symp-
toms through subjective assessments (depression question-
naire) and objective measurements (blood markers associated

with depressive symptoms).

MATERIALS AND METHODS
Participants

Eighty individuals who lived in the Chungcheongbuk-do
area of South Korea were initially screened between May
2023 and July 2023 for this study. All subjects completed
an online questionnaire about their depressive symptoms
before participating in the study. Inclusion criteria were no
history of previous diagnosis, no depression treatment of
any type, score higher than 14 on the Korean version of the
Beck Depression Inventory (K-BDI)-II, and age between
20 and 50 years. Exclusion criteria were age under 20 years;
heavy alcohol use; history of seizures or epilepsy in VR; or
use of devices such as a pacemaker, hearing aids, or defibril-
lator. Subjects older than 50 years were excluded because
they are more susceptible to VR sickness than younger users.
People who have experienced undesirable symptoms, such
as dizziness or headaches, when using an HMD with VR
technology were also excluded. Among the 80 individuals
who were assessed for eligibility, 65 were excluded because
they did not meet our inclusion criteria (n=52), they declined

to participate (n=4), or other reasons (n=9). After these ex-



clusions, 15 subjects were finally included. Our study was
based on previous research that evaluated the effectiveness
of VR for elderly subjects with mild depression (Yang et
al., 2017). The flow of participant selection for our study is
shown in Fig. 1. All participants provided informed consent,
and the study was approved by the Institutional Review
Board of Jungwon University (No. 1044297-HR-202303-
002-02). This study was registered at the Clinical Research
Information Service (CRIS) of the Korea National Institute
of Health (NIH), Republic of Korea (KCT0009142).

Study design and procedures

The overall study design and procedures are shown in
Fig. 2. In a baseline examination, participants completed a
questionnaire about their disease and medication history.
Body weight and height were measured. A venous blood
sample of 10 mL was obtained to measure depression-
related blood markers. Following the basic instructions on
operation of the VR device (Pico 4 All-in-One VR, China),
participants were asked to take the HMD device home and
to view the VR content in a comfortable sitting or reclining
position for 10 min per day, four times per week, for three
weeks. The researchers followed up with the participants by
phone once a week to ensure that they were using the VR
as prescribed and to check for any discomfort. Three weeks
later, participants returned to Jungwon University for a
follow-up examination. To minimize the impact of the non-
use period, we scheduled a follow-up visit within one week
of the initial use. At the follow-up visit, participants again
completed the K-BDI-II questionnaire and had venous blood
drawn. After centrifugation of whole blood, the serum was
isolated and maintained at -80°C before measurement. To

reduce the effect of circadian rhythms, the blood draw times

Baseline

did not differ by more than 3 clock hours at baseline and

follow-up visits.

VR device and development of nature experience-based
VR content

The VR device consisted of an HMD with a speaker and
a pair of haptic motion controllers. The nature experience-
based VR content was developed in collaboration with
Gocrates, Inc. (Seoul, Republic of Korea). The VR content
included the following in video format: a view of a recre-
ational forest in autumn, a conversation between a monk

and a man at a temple, and a man walking quietly near a
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flowing river. The VR contents were obtained with a high-
quality 360-degree camera, and visual effects were added
after editing to create a three-dimensional environment by

experts in Dexter Studios, Inc. (Seoul, Republic of Korea).

Measurement of depressive symptoms and free BDNF,

cortisol, and IL-6 levels

The level of depressive symptoms was assessed with the
21-item K-BDI-II, which is the Korean translated version
of the BDI-II (Steer et al., 1999; Strunk and Lane, 2017).
The reliability and validity of the K-BDI-II were demon-
strated in a previous study (Sung et al., 2008). To determine
the levels of free brain-derived neurotrophic factor (BDNF),
cortisol, and interleukin-6 (IL-6), venous blood samples were
drawn from the participants before and after VR use. The
blood was centrifuged to acquire serum at 3,000 rpm and
4°C for 10 min. Concentrations of these blood markers were
determined using a commercial enzyme-linked immunosor-
bent assay (ELISA) kit (Quantikine ELISA, R&D systems,
Minneapolis MN, USA) according to the manufacturer's

instructions.
Evaluation of VR sickness symptoms

Cybersickness symptoms of nature experience-based VR
were analyzed through interviews at the follow-up visit.
Participants were asked to record physical and visual side
effects, including general discomfort, fatigue, boredom,
drowsiness, headache, dizziness, concentration problems,
tired eyes, aching eyes, eyestrain, blurred vision, and diffi-
culties focusing during the VR intervention, as in the Virtual
Reality Symptom Questionnaire (VRSQ) (Ames et al., 2005).
At the follow-up visits, the side effects were recorded through
interviews. Multiple responses were allowed for the side-

effect questions.
Statistical analysis

All data were expressed as mean (SD). The y* test was
used for analysis of categorical variables. To compare the
values of the questionnaire-based depressive symptoms and
blood markers before and after VR intervention, the paired
t-test was performed. All statistical analyses were performed
using SPSS version 20.0 (SPSS; Chicago, IL, USA), and a

4.

P-value less than 0.05 was considered statistically significant.

RESULTS
Baseline characteristics of the study participants

Table 1 presents the baseline characteristics of the study
participants. The average age of the participants was the
mid-20s. There were slightly more male subjects (60%) than
female, and all subjects were current drinkers, not married,

and had no history of disease. Non-smokers comprised the

Table 1. Baseline characteristics of participants

Variables Values

Participants, 15
Age (y), mean (SD) 25.7(6.2)
Gender, 1 (%)

Female 6 (40)

Male 9 (60)
Education, n (%)

< high school 0(0)

> college 15 (100)
Drinker, n (%)

Past drinker 0(0)

Current drinker 15 (100)
Smoker, 7 (%)

Non-smoker 7 (46.7)

Past smoker 4(26.7)

Current smoker 4(26.7)
Marital status, n (%)

Single 15 (100)

Married 0(0)
Disease, 1 (%)

Yes 0(0)

No 15 (100)
Medication use, 7 (%)

Antidepressant 0(0)

Antipsychotic 0(0)

Mood stabilizer 0(0)

Benzodiazepine 0(0)

Other psychotropic medication 0(0)
Sleep duration (min), mean (SD) 408 (114.4)
K-BDI-II score, mean (SD) 25.7(71.7)

Abbreviations: SD, standard deviation; K-BDI-II, Korean version
of the Beck Depression Inventory-II



Table 2. Effects of nature-based VR intervention on individual depression inventory components

Depression inventory

components Before, mean (SD) After, mean (SD) 95% C1 P-value
Sadness 0.9 (0.5) 0.7 (0.6) -0.03 to 0.43 0.082
Pessimism 1.3(0.7) 0.9 (0.9) -0.28t0 0.95 0.265
Past failures 1.1(0.7) 0.7 (0.8) 0.00 to 0.93 0.048
Loss of pleasure 1.7 (0.5) 0.7 (0.6) 0.53to 1.47 <0.001
Guilt 1.4 (0.8) 0.8 (0.6) 0.10to 1.10 0.023
Feelings of punishment 1.3 (1.0) 0.5(0.8) 0.10to 1.50 0.028
Self-loathing 1.4 (0.7) 0.7 (0.7) 0.34t0 1.12 0.001
Self-criticism 1.4 (0.7) 0.7 (1.0) 0.20 to 1.27 0.010
Suicidal thoughts or ideation 0.7 (0.6) 0.2 (0.4) 0.11t0 0.82 0.014
Crying 0.9 (0.9) 0.3(0.7) -0.09to 1.29 0.082
Restlessness 1.2(0.9) 0.5 (0.7) 0.20 to 0.27 0.010
Loss of interest 1.8 (0.9) 1.0 (0.8) 0.17to0 1.43 0.017
Indecisiveness 1.4(0.9) 0.7 (0.6) 0.09to0 1.25 0.027
Feelings of worthlessness 1.4(0.9) 0.7 (0.6) 0.09to0 1.25 0.027
Loss of energy 1.2(0.8) 0.8 (0.7) -0.06 to 0.86 0.082
Changes in sleep pattern 1.4 (0.9) 0.7 (0.8) 0.02to0 1.32 0.045
Irritability 1.1(0.7) 0.4 (0.6) 0.17to 1.16 0.120
Changes in appetite 1.2(0.7) 0.6 (0.6) 0.19t0 1.01 0.007
Difficulty concentrating 1.3(0.7) 0.6 (0.7) 0.24t01.22 0.006
Fatigue 1.3(0.7) 0.6 (0.7) 0.40 to 1.06 <0.001
Loss of interest in sex 0.7 (0.7) 0.2 (0.4) 0.04 to 0.97 0.068

Abbreviations: VR, virtual reality; SD, standard deviation; CI, confidence interval

largest proportion (46.7%) of the study sample. None of the
study subjects was using psychiatric medication. The average
daily sleep duration was 6.8 h. The average K-BDI-II score

was 25.7, which indicates moderate depression.

Effects of nature experience-based VR intervention on
depressive symptoms

Nature experience-based VR intervention led to an
approximately 50% reduction in the depressive symptom
score (before 25.7%7.7 vs. after 12.5£8.3 (P<0.001)) (Fig.
3A). We further analyzed individual depression inventory
component scores to investigate which aspects of depressive
symptoms were improved by our VR therapy (Table 2).
Fifteen of the 21 items showed significant improvement after
the three-week VR intervention. Of these, loss of pleasure

and fatigue experienced the largest improvement (£<0.001).

Table 3. VR sickness symptoms during nature-based VR inter-
vention

Symptoms Frequency of response (%)
Nausea 3(20)
Dizziness 2(10)
Tired eyes 2 (10)
General discomfort 15

Abbreviations: VR, virtual reality

Effects of nature experience-based VR intervention on

depression-related blood markers

There were no significant differences in serum levels of
cortisol (before 58.4124.3 vs. after 56.9115.2), free BDNF
(before 3643.91£654.5 vs. after 3067.71£979.3), and IL-6
(before 0.6112.96 vs. after 1.4713.14) following VR inter-
vention (Fig. 3B-3D).
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Fig. 3. Comparison of K-BDI-II scores (A) and levels of cortisol
(B), BDNF (C), and IL-6 (D) before and after nature experience-
based VR intervention.

VR sickness symptoms

Twenty percent of participants (#=3) reported VR sick-

ness symptoms (Table 3). Nausea was the most common VR

symptom after viewing nature experience-based VR content.

Dizziness (10%) and tired eyes (10%) were also complaints

from participants.

DISCUSSION

We found that our nature experience-based VR treatment
significantly improved depressive symptoms with a low fre-
quency of VR sickness. However, the levels of depression-
related blood markers did not decrease by VR intervention,
showing a discrepancy between subjective (questionnaire)
and objective (blood marker measurements) outcomes.
Although the restorative effects of nature can be influenced
by a number of factors, including type of contact, duration
of exposure, and means of nature experience delivery, the
impact is broad and robust (Bratman et al., 2015). According

to stress reduction theory, the possible mechanism by which
nature experiences induce positive emotions is through para-
sympathetic nervous system (PNS) activation (Ulrich, 1981),
which can reduce stress and autonomic arousal.

The pathophysiology of depression involves multiple
metabolic pathways, the immune system, the nervous system,
and the hypothalamic—pituitary—adrenal axis. Therefore, the
biomarkers related to activation or inhibition of these path-
ways may be predictors of outcomes in patients with de-
pression (Jani et al., 2015; Strawbridge et al., 2015). BDNF
is a protein that plays an important role in synaptic plasti-
city, neurodevelopment, and maturation of neurotransmitter
systems (Carvalho et al., 2008; Martinowich and Lu, 2008;
Reichardt, 2006), and serum BDNF level is negatively cor-
related with the severity of depressive symptoms (Karege
et al., 2002). Levels of pro-inflammatory cytokines, such as
IL-6, IL-1pB, and TNF-q, are often higher in depressed than
in non-depressed subjects (Dowlati et al., 2010; Strawbridge
et al., 2017), while antidepressant treatment reduces their
levels (Hannestad et al., 2011; Sutcigil et al., 2007).

Contrary to expectation, however, we failed to observe
significant reductions of depression-related blood markers
by nature experience-based VR intervention, whereas the
subjective measures of depressive symptoms were improved.
Several possible reasons exist for this discrepancy. First, it
may take longer for improvements in depressive symptoms
by VR exposure to actually translate into improvements
in blood markers. Second, the nature experience-based VR
in this study may not be sufficient to induce physiological
changes of multiple body systems in terms of components,
duration of exposure, or mode of delivery. Third, because
only three blood markers were assessed to investigate the
effects of our VR system, it is possible that improvements
in depressive symptoms that were not reflected by blood
markers were overlooked.

Exposure to VR is known to cause various side effects in
many people, such as nausea, headache, and eye fatigue
(Chen et al., 2015; Ohyama et al., 2007), also known as
VR sickness. Participants in our nature experience-based
VR complained of several types of VR sickness. A conflict
between accommodation and vergence depth cues on stereo-

scopic displays (Carnegie and Rhee, 2015), display over-



heating in enclosed spaces, and blue light exposure are
important causes of discomfort in VR applications. Nausea
and dizziness are the most common symptoms of motion
sickness in VR, and our study found similar results. In-
dividual differences exist in susceptibility to VR sickness
(Mittelstaedt, 2020), and women are more susceptible to
nausea in a VR environment than men. This is supported
by the finding that all subjects in our study who complained
of nausea were women.

Our study had several limitations. First, we did not in-
clude an appropriate matched control group, such as an
urban experience-based VR intervention group. Therefore,
the possibility of a placebo effect existed. Second, the age
range of our participants was 20~50 s. Consequently, it was
difficult to extrapolate these results to older people. Third,
depressive symptoms were evaluated by only the K-BDI-II
questionnaire. In addition to BDI-II, several instruments
have been widely used to evaluate depressive symptoms in
adult populations, such as the Center for Epidemiological
Studies Depression Scale (CES-D) (Radloff, 1977) and the
Geriatric Depressive Scale (GDS) (Yesavage et al., 1982).
However, BDI-II is one of the most widely used self-rating
scales for screening of depression and is used to measure
the behavioral manifestations and severity of depression.
Furthermore, it has many advantages, including its simpli-
city and rapidity of administration (via questionnaire), high
validity and reliability, and applicability to a wide range of
ages.

In conclusion, our nature-based VR experience is an
effective adjunctive treatment for alleviating depressive
symptoms in subjects who have difficulty accessing the real
natural environment. Further research with a randomized
controlled trial design and a larger number of subjects is
needed to confirm the effectiveness of our proposed approach

in alleviating depressive symptoms.

ACKNOWLEDGEMENTS

The authors thank Ms. Hee-Jeong Joo, Ji-Yoon Kwak,
Da-In Kim for assisting study procedures.

This research was supported by "Regional Innovation
Strategy (RIS)" through the National Research Foundation
of Korea (NRF) funded by the Ministry of Education (MOE)

(2021RIS-001).

CONFLICT OF INTEREST
The authors have no potential conflicts of interest to

disclose.

REFERENCES

Ames SL, Wolffsohn JS, McBrien NA. The development of a
symptom questionnaire for assessing virtual reality viewing
using a head-mounted display. Optom Vis Sci. 2005. 82: 168-
176.

Bratman GN, Hamilton JP, Daily GC. The impacts of nature
experience on human cognitive function and mental health.
Ann N'Y Acad Sci. 2012. 1249: 118-136.

Bratman G, Daily G, Levy B, Gross J. The benefits of nature
experience: Improved affect and cognition. Landscape and
Urban Planning. 2015. 138: 41-50.

Beevers CG, Pearson R, Hoffman JS, Foulser AA, Shumake J,
Meyer B. Effectiveness of an internet intervention (Deprexis)
for depression in a united states adult sample: A parallel-
group pragmatic randomized controlled trial. J Consult Clin
Psychol. 2017. 85: 367-380.

Carl E, Stein AT, Levihn-Coon A, Pogue JR, Rothbaum B,
Emmelkamp P, Asmundson GJG, Carlbring P, Powers MB.
Virtual reality exposure therapy for anxiety and related dis-
orders: A meta-analysis of randomized controlled trials. J
Anxiety Disord. 2019. 61: 27-36.

Carnegie K, Rhee T. Reducing Visual Discomfort with HMDs
Using Dynamic Depth of Field. [IEEE Comput Graph Appl.
2015. 35: 34-41.

Carvalho AL, Caldeira MV, Santos SD, Duarte CB. Role of the
brain-derived neurotrophic factor at glutamatergic synapses.
Br J Pharmacol. 2008. 153(Suppl 1): S310-324.

Chen W, Chao JG, Chen XW, Wang JK, Tan C. Quantitative orien-
tation preference and susceptibility to space motion sickness
simulated in a virtual reality environment. Brain Res Bull.
2015. 113: 17-26.

Dehn LB, Kater L, Pietke M, Botsch M, Driessen M, Beblo T.
Training in a comprehensive everyday-like virtual reality
environment compared to computerized cognitive training
for patients with depression. Computers in Human Behavior.
2018. 79: 40-52.

Dowlati Y, Herrmann N, Swardfager W, Liu H, Sham L, Reim EK,



Lanctét K. A meta-analysis of cytokines in major depression.
Biol Psychiatry. 2010. 67: 446-457.

Furman E, Jasinevicius TR, Bissada NF, Victoroff KZ, Skillicorn
R, Buchner M. Virtual reality distraction for pain control
during periodontal scaling and root planing procedures. J] Am
Dent Assoc. 2009. 140: 1508-1516.

Garcia-Palacios A, Hoffman H, Carlin A, Furness TA, 3rd, Botella
C. Virtual reality in the treatment of spider phobia: a controlled
study. Behav Res Ther. 2002. 40: 983-993.

Hannestad J, DellaGioia N, Bloch M. The effect of antidepressant
medication treatment on serum levels of inflammatory cyto-
kines: a meta-analysis. Neuropsychopharmacology. 2011. 36:
2452-2459.

loannou A, Papastavrou E, Avraamides MN, Charalambous A.
Virtual Reality and Symptoms Management of Anxiety,
Depression, Fatigue, and Pain: A Systematic Review. SAGE
Open Nurs. 2020. 6: 2377960820936163.

Jani BD, McLean G, Nicholl BI, Barry SJ, Sattar N, Mair FS,
Cavanagh J. Risk assessment and predicting outcomes in
patients with depressive symptoms: a review of potential role
of peripheral blood based biomarkers. Front Hum Neurosci.
2015.9: 18.

Karege F, Perret G, Bondolfi G, Schwald M, Bertschy G, Aubry
IM. Decreased serum brain-derived neurotrophic factor levels
in major depressed patients. Psychiatry Res. 2002. 109: 143-
148.

Malhi GS, Mann JJ. Depression. Lancet. 2018. 392: 2299-2312.

Martinowich K, Lu B. Interaction between BDNF and serotonin:
role in mood disorders. Neuropsychopharmacology. 2008. 33:
73-83.

McLay RN, Graap K, Spira J, Perlman K, Johnston S, Rothbaum
BO, Difede J, Deal W, Oliver D, Baird A, Bordnick PS,
Spitalnick J, Pyne JM, Rizzo A. Development and testing of
virtual reality exposure therapy for post-traumatic stress dis-
order in active duty service members who served in Iraq and
Afghanistan. Mil Med. 2012. 177: 635-642.

Mittelstaedt JM. Individual predictors of the susceptibility for
motion-related sickness: A systematic review. J Vestib Res.
2020. 30: 165-193.

Mosso JL, Gorini A, De La Cerda G, Obrador T, Almazan A,
Mosso D, Nieto JJ, Riva G. Virtual reality on mobile phones
to reduce anxiety in outpatient surgery. Stud Health Technol
Inform. 2009. 142: 195-200.

Ohyama S, Nishiike S, Watanabe H, Matsuoka K, Akizuki H,

Takeda N, Harada T. Autonomic responses during motion

sickness induced by virtual reality. Auris Nasus Larynx. 2007.
34:303-306.

Opris D, Pintea S, Garcia-Palacios A, Botella C, Szamoskdzi S,
David D. Virtual reality exposure therapy in anxiety disorders:
a quantitative meta-analysis. Depress Anxiety. 2012. 29: 85-93.

Park KM, Ku J, Choi SH, Jang HJ, Park JY, Kim SI, Kim JJ. A
virtual reality application in role-plays of social skills training
for schizophrenia: a randomized, controlled trial. Psychiatry
Res. 2011. 189: 166-172.

Park MJ, Kim DJ, Lee U, Na EJ, Jeon HJ. A Literature Overview
of Virtual Reality (VR) in Treatment of Psychiatric Disorders:
Recent Advances and Limitations. Front Psychiatry. 2019. 10:
505.

Radloff LS. The CES-D Scale: A Self-Report Depression Scale for
Research in the General Population. Applied Psychological
Measurement. 1977. 1: 385-401.

Reichardt LF. Neurotrophin-regulated signalling pathways. Philos
Trans R Soc Lond B Biol Sci. 2006. 361: 1545-1564.

Scates D, Dickinson JI, Sullivan K, Cline H, Balaraman R. Using
Nature-Inspired Virtual Reality as a Distraction to Reduce
Stress and Pain Among Cancer Patients. Environment and
Behavior. 2020. 52: 895-918.

Segal ZV, Whitney DK, Lam RW. Clinical guidelines for the
treatment of depressive disorders. III. Psychotherapy. Can J
Psychiatry. 2001. 46(Suppl 1): 29s-37s.

Steer RA, Clark DA, Beck AT, Ranieri WF. Common and specific
dimensions of self-reported anxiety and depression: the BDI-
I versus the BDI-IA. Behav Res Ther. 1999. 37: 183-190.

Strawbridge R, Amone D, Danese A, Papadopoulos A, Herane
Vives A, Cleare AJ. Inflammation and clinical response to
treatment in depression: A meta-analysis. Eur Neuropsycho-
pharmacol. 2015. 25: 1532-1543.

Strawbridge R, Young AH, Cleare AJ. Biomarkers for depression:
recent insights, current challenges and future prospects. Neuro-
psychiatr Dis Treat. 2017. 13: 1245-1262.

Strunk KK, Lane FC. The Beck Depression Inventory, Second
Edition (BDI-II): A Cross-Sample Structural Analysis. Meas-
urement and Evaluation in Counseling and Development. 2017.
doi: 10.1080/0781756.2017.1318636.

Sung HM, Kim JB, Park YN, Bai Daiseg, Leec SH, Ahn HN. A
study on the reliability and the validity of Korean version of
the Beck Depression Inventory-II (BDI-II). J Korean Soc
Biol Ther Psychiatry. 2008. 14: 201-212.

Sutcigil L, Oktenli C, Musabak U, Bozkurt A, Cansever A, Uzun O,
Sanisoglu SY, Yesilova Z, Ozmenler N, Ozsahin A, Seugul A.



Pro- and anti-inflammatory cytokine balance in major depres-
sion: effect of sertraline therapy. Clin Dev Immunol. 2007.
2007: 76396.

Ulrich RS. Natural versus urban scenes: Some psychophysiological
effects. Environment and Behavior. 1981. 13: 523-556.

Wallach HS, Bar-Zvi M. Virtual-reality-assisted treatment of flight
phobia. Isr J Psychiatry Relat Sci. 2007. 44: 29-32.

Willner P, Scheel-Kriiger J, Belzung C. The neurobiology of de-
pression and antidepressant action. Neurosci Biobehav Rev.
2013.37:2331-2371.

World Health Organization. Depression and other common mental
disorders: global health estimates [Internet]. Available at: https://
apps.who.int/iris/handle/10665/254610. Accessed October 14,
2022.

World Health Organization. Practice guideline for the treatment of
patients with major depressive disorder (revision). American
Psychiatric Association. Am J Psychiatry. 2000. 157: 1-45.

Yang JE, Lee TY, Kim JK. The effect of a VR exercise program
on falls and depression in the elderly with mild depression in
the local community. J Phys Ther Sci. 2017. 29: 2157-2159.

Yesavage JA, Brink TL, Rose TL, Lum O, Huang V, Adey M,
Leirer VO. Development and validation of a geriatric depres-
sion screening scale: a preliminary report. J Psychiatr Res.
1982.17: 37-49.

https://doi.org/10.15616/BSL.2024.30.1.1

Cite this article as: Lee DB, Yoo SL, Pyo SS, Kim J,
Kim BG, Kim SW, Ko BJ, Yoon DW. Nature Experience-
based Virtual Reality Improves Depressive Symptoms in
a Young Population: A Pilot Study. Biomedical Science
Letters. 2024. 30: 1-9.




