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ARTICLE INFO ABSTRACT

Keywords: Background: Nature therapies are gaining attention as non-pharmacological treatments for depressive and anxiety
Nature therapy disorders, but research on their effectiveness in patients is limited. This study investigates the mood-improving
Mood

effects of visual stimulation with natural environmental images in patients with depressive and anxiety disorders.
Methods: We conducted a randomized crossover comparison trial involving 60 right-handed adult participants
with depressive or anxiety disorders and receiving outpatient treatment. Visual stimuli of natural environments
consisted of green-themed nature images, while the control stimuli featured urban scenes dominated by build-
ings. The stimulation lasted for 3 min, during which orbital prefrontal brain activity was measured using a 2-
channel Near-infrared Spectroscopy (NIRS) system, and heart rate variability was assessed using fingertip
accelerated plethysmography.

Results: Mood enhancement effects were observed in both the depressive and anxiety disorder groups following
visual stimulation with nature images. In the depression group, orbital prefrontal oxygenated hemoglobin
concentration significantly increased after visual stimulation with nature images, while there were no significant
changes in the anxiety group. However, in the anxiety group, a correlation was found between reduced orbital
prefrontal oxygenated hemoglobin in response to nature images and increased mood-enhancement. Furthermore,
the severity of depressive symptoms did not significantly affect the intervention effects, whereas heightened
anxiety symptoms was associated with a smaller mood enhancement effect.

Discussion: Our study demonstrates the benefits of nature image stimulation for patients with depressive and
anxiety disorders. Differential orbital prefrontal brain activity impacts notwithstanding, both conditions
exhibited mood enhancement, affirming the value of nature image stimulation.

Prefrontal cortex
Near-infrared spectroscopy
Heart rate variability

1. Introduction disorders is an urgent issue.
In recent years, nature therapies, including forest therapy and hor-
ticultural therapy, have gained attention as non-pharmacological

treatments. Nature therapy, involving activities like walking in the

Depressive and anxiety disorders are pervasive issues worldwide.
According to a WHO survey, it is estimated that 4.4 % of the world

population suffer from depressive disorders, while 3.6 % suffer from
anxiety disorders (WHO, 2017). One of the main reasons for the prev-
alence of depressive and anxiety disorders is that many patients do not
respond to current pharmacological treatments and are prone to relapse
even after remission (Kessler and Bromet, 2013). The development of
effective non-pharmacological treatments for depressive and anxiety
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woods, observing natural landscapes, and interacting with plants (trees,
flowers, etc.) through the senses, offers therapeutic healing effects
(Chen, 2018; Chen and Nakagawa, 2018, 2019; Miyazaki, 2018; Song
et al., 2016). Many studies report that nature therapy alleviates stress,
improves mood, reduces depressive and anxious symptoms, and en-
hances cognitive function in healthy individuals (Song et al., 2016;
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Hansen et al., 2017; Ross and Mason, 2017; Rosa et al., 2021). In-
teractions with nature have been shown to reduce activity in the pre-
frontal cortex (PFC, Bratman et al., 2015; Song et al., 2020) and the
amygdala (Sudimac et al., 2022), and stimulate the parasympathetic
nervous system (Jo et al., 2019a). There are also reports of reduced
concentrations of stress hormones like cortisol and adrenaline (Li et al.,
2008; Park et al., 2007; Sung et al., 2012). The prefrontal cortex and the
amygdala are areas reported to have abnormal activity in depressive and
anxiety disorders (Ho et al., 2020; McTeague et al., 2020; Mizzi et al.,
2022). In studies involving clinical patients, improvements in mood
have been reported in cases of depressive disorders by walking in a
wooded park for 50 min (Berman et al., 2012) and experiencing a one-
hour nature walk in urban parks (Watkins-Martin et al., 2022). For
anxiety disorders, cross-sectional studies have reported a lower preva-
lence in areas abundant with plants (Maas et al., 2009; Hystad et al.,
2019).

Recent studies have focused on understanding which features of
natural stimuli bring about such healing effects and the physiological
changes that occur in response. Studies have reported mood-improving
effects from visual stimuli like images of forests, autumn leaves, and
waterfalls (Song et al., 2018a; Jo et al., 2022a; Jo et al., 2022b), auditory
stimuli such as the sound of forest streams or ambient sounds of a
riverside in autumn (Jo et al., 2019a; Ochiai et al., 2023), and olfactory
stimuli from dried cypress chips, essential oils extracted from cypress
leaves, and the primary scent component of forests, a-pinene (Ikei et al.,
2015a; Ikei et al., 2015b; Ikei et al., 2016). In our preliminary research
on healthy individuals, we found that a 3-min visual stimulus of green
natural environments improved feelings of pleasure and relaxation and
observed a decrease in activation of the right orbital PFC (Yamashita
et al., 2021).

Whether such visual contact with nature can bring therapeutic ef-
fects to patients with depressive or anxiety disorders remains unknown.
If it does have mood-improving effects, it could lead to improvements in
patient care environments and further development of nature therapy.
This research aims to elucidate the effects and physiological changes of
visual stimuli from natural environments, which we confirmed to have
mood-improving effects in healthy individuals, on patients with
depressive and anxiety disorders.

2. Methods
2.1. Participants

From May 2022 to January 2023, we enrolled 60 patients, 30 each
with depressive disorder and anxiety disorder, who were visiting an
outpatient psychiatric clinic. The distribution of depression severity
among these participants, as assessed by BDI (Beck et al., 1996) was: 27
participants (45 %) exhibited minimal depression, 10 participants (16.7
%) had mild depression, 13 participants (21.7 %) showed moderate
depression, and 10 participants (16.7 %) had severe depression.
Regarding anxiety levels, evaluated using the STAI State Anxiety Sub-
scale (Himeno et al., 2005), the severity distribution was: 4 participants
(6.7 %) experienced minimal anxiety, 28 participants (46.7 %) mild
anxiety, 13 participants (21.7 %) moderate anxiety, and 15 participants
(25 %) severe anxiety. This sample size was deemed appropriate since a
minimum of 27 subjects were required to detect an effect size of d = 0.57
using paired-test, as reported in our previous study conducted in healthy
subjects (Yamashita et al., 2021), ensuring a power of 0.8 and an alpha
of 0.05, two-sided.

Individuals who were currently attending a psychiatric clinic and
met the specified inclusion criteria, while not fulfilling the exclusion
criteria, were selected to participate in the study. The inclusion criteria
were as follows: having been diagnosed with “Depressive Disorders” or
“Anxiety Disorders” according to the Diagnostic and Statistical Manual
of Mental Disorders, Fifth Edition (DSM-5), aged between 20 and 64
years at the time of consent, no self-reported color vision impairment,
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visual acuity (including corrected vision) of 0.6 or higher or no hin-
drance in daily life (colored glasses not permitted), right-handed, and
those who have received a thorough explanation, fully understood the
study, and provided written consent based on their free will. The
exclusion criteria were strong suicidal ideation, or anyone deemed
inappropriate for the study.

This study was approved by the Institutional Review Board of
Yamaguchi University Hospital and was registered in advance on Uni-
versity hospital Medical Information Network (UMIN) for clinical trials.
The implementation adhered to the latest version of the Helsinki
Declaration.

2.2. Procedures

Participants in this study were informed in advance to adhere to
three conditions: (1) get adequate sleep the night before, (2) refrain from
vigorous exercise and smoking for at least 2 h prior to the experiment,
and (3) avoid the consumption of coffee and energy drinks. If partici-
pants felt unwell, the experimental date was rescheduled. On the day of
the experiment, participants first completed a questionnaire on age, sex,
smoking and drinking habits, educational background, etc. and
confirmed compliance with the above instructions.

This study employed a randomized crossover design (as shown in
Fig. 1A) and assigned participants either to: @ visual stimulation using
images of natural environments (Fig. 1B) followed by visual stimulation
using images of man-made environments (Fig. 1C), or @ the reverse
order. Interventions were carried out accordingly.

After fitting participants with the PocketNIRS DUO (2ch) probe
(Figs. 1D), which measures the concentration of oxygenated hemoglobin
(Oxy-HD) reflecting orbital PFC activation, and the fingertip accelerated
plethysmography (Fig. 1E), which assesses heart rate variability (HRV)
indicative of autonomic nervous activity, an initial practice session was
conducted. This session aimed to allow participants to familiarize
themselves with the actual intervention process and to alleviate any
initial nervousness, a common occurrence in many participants that can
lead to exaggerated increases in brain activity (Song et al., 2018a). For
this practice session, participants were exposed to an image of a brick (a
single image for 15 s) after a 1-min rest. This was followed by a 45-s
wait.

Following the practice session, participants underwent visual stim-
ulation sessions in the order assigned. Each session consisted of rest,
visual stimulation with images, and mood assessment. To eliminate
carryover effects, a 3-min rest period, also referredto as a washout
period, was placed between the first and second interventions. After the
second intervention, assessments including the Beck Depression
Inventory-II (BDI) to evaluate depressive symptoms and the State-Trait
Anxiety Inventory (STAI) for state anxiety symptoms were conducted.

2.3. Visual stimuli

The visual stimuli were administered in the same manner as our
previous study (Yamashita et al., 2021). Specifically, for the visual
stimuli of a natural environment, we displayed photos of green natural
settings (Fig. 1B), and for the control intervention of man-made envi-
ronments, we displayed city photos with buildings as the central focus
(Fig. 1C) on a 27-in. high-resolution display. Each image was presented
for 15 s, with a total of 12 images shown (totaling 3 min).

2.4. Mood assessment

The mood assessment used the Chen-HAgiwara Mood Test (CHAMT)
that we developed (Aga et al., 2021; Chen et al., 2024; Watarai et al.,
2023; Yamashita et al., 2021). This test, based on the valence-arousal
two-dimensional theory of emotion (Russell, 2003), comprises three
items: Comfort (or Pleasure), which assesses only the emotional valence,
and Relaxation (positive emotional valence and negative arousal) and
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Session 2

Fig. 1. Study protocol, photographs used for stimuli, and photographs illustrating the measuring equipment. A. Overall flowchart. B. Example of a green nature
image. C. Example of a city image. D. Illustration of the near-infrared spectroscopy (NIRS) probe placement. E. Illustration of the fingertip accelerated plethys-
mography (ARTETT), used for evaluation of heart rate variability (HRV). (For interpretation of the references to color in this figure legend, the reader is referred to

the web version of this article.)

Vigor (positive emotional valence and positive arousal), which emerge
from the combination of emotional valence and arousal. Compared to
traditional assessments that evaluate emotional valence and arousal
separately, this can evaluate mood enhancement more precisely. To
avoid interference from multiple responses, we used a continuous 10 cm
visual analog scale and assessed the aforementioned three items by
asking, “How do you feel right now?” The left end of each scale read
“Very Uncomfortable,” “Very Tense,” and “Very Mentally Exhausted,”
while the right end read “Very Pleasant,” “Very Relaxed,” and “Very
Energetic.” Participants were instructed to mark the spot they identified
with using an “x”, and the distance (in mm) from the left end to the
mark was quantified as a mood scale (0—100).

2.5. Measurement of Oxy-Hb in the orbital PFC

In this study, we used the PocketNIRS DUO (2ch) from Dynasense, a
subsidiary of Hamamatsu Photonics K.K. (Ochiai et al., 2017; Song et al.,
2018b). Near-infrared spectroscopy (NIRS) is a method that uses near-
infrared light to measure Oxy-Hb, with measurements being taken by
attaching a probe to the head. The probe emits near-infrared light,
which is then absorbed by another probe, measuring the difference in
light quantity. Since near-infrared light is specifically absorbed by Oxy-
HbD, a larger difference indicates a higher amount of Oxy-Hb. A higher
amount of Oxy-Hb suggests an increase in the volume of blood carrying
it (Obrig and Villringer, 2003). Generally, a positive correlation between
brain activation and blood flow is believed to exist, so NIRS results are
also used for observing brain activation (Ferrari and Quaresima, 2012).
In this study, we attached the probes of the 2ch NIRS targeting the
orbital PFC, referring to the international 10-20 system for EEG and our
52-channel NIRS attachment method (Yamashita et al., 2021).

2.6. HRV

Using the fingertip accelerated plethysmography ARTETT-C (U-
Medica Inc., Osaka, Japan), we analyzed HRYV for the periods between
consecutive R-waves (RR intervals) in the electrocardiogram (Song
et al., 2018b; Jo et al., 2022a). The power levels of the high-frequency
component (HF; 0.15-0.40 Hz) and the low-frequency component (LF;
0.04-0.15 Hz) of HRV were calculated using the maximum entropy
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method (Takada et al., 2008; Takada et al., 2010). HF is considered an
index of parasympathetic nervous activity, while LF/HF is considered an
index of sympathetic nervous activity (Camm et al., 1996; Kanaya et al.,
2003).

2.7. Blinding and debriefing

To exclude the effect of expectations regarding the mood-improving
effects of the natural environment, we employed blinding (Yamashita
et al., 2021). When explaining the study to participants, the purpose of
the research was presented as “the impact of daily activities on brain
function,” and participants were told they were assigned to the “image
viewing” group. The reason given for the second intervention was “to
verify experimental results under different conditions.” To ensure that
the participants did not recognize the true objective of the study, we
omitted any mention of relevant activities like the “mood survey” during
the study explanation and consent process. The true objective of the
study was explained to the participants after its completion. After the
experiment concluded and the true objective was explained, a survey
was conducted to assess the participants’ understanding of the original
intent during the experiment. This procedure was approved by our
Institutional Review Board.

From the experimenter’s side, both the staff providing the explana-
tion and obtaining consent, and the staff conducting the experiment,
were kept unaware of the order of the images until just before the
intervention. Also, during initial data analysis, the order was repre-
sented as 1 and 2 to ensure the analyst could not discern the specific
sequence of interventions.

2.8. Statistical analysis

For the analysis of this study, Matlab R2018b and IBM SPSS Statistics
28.0 were used. Normality was tested using the Shapiro-Wilk test. For
comparison of within-subject repeated measurements, paired t-tests or
Wilcoxon rank-sum tests were used depending on the normality of the
data. For correlation analysis, Pearson’s or Spearman’s correlation was
employed depending on the normality of the data. In analyses that used
participants’ recognition of the study’s true objective (whether they
noticed it during the experiment) as a covariate, repeated measures
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analysis of variance (ANOVA) or linear regression analysis was
employed. The threshold for statistical significance was set at p < 0.05,
two-sided.

3. Results
3.1. Participants’ characteristics

The demographic and clinical characteristics of the participants are
shown in Table 1. The average age was 47.4 (standard deviation or SD
9.5) years for those with depressive disorders and 43.3 (SD 11.3) years
for those with anxiety disorders. In terms of sex, 17 females (56.7 %)
were in the depressive disorder group and 22 females (73.3 %) were in
the anxiety disorder group. Among the depressive disorder group, 24
individuals (80.0 %) had major depressive disorder, while 6 individuals
(20.0 %) had persistent depressive disorder. In the anxiety disorder
group, 4 individuals (13.3 %) had specific phobias, 14 (46.7 %) had
panic disorder, 5 (16.7 %) had social anxiety disorder, 5 (16.7 %) had
generalized anxiety disorder, and 2 (6.7 %) had unspecified anxiety
disorder.

3.2. Mood effects

In the depressive disorder group, scores for “Comfortable” (t = 4.659,
p < 0.001, d = 0.851), “Relaxed” (U = 20.000, z = —4.272, p < 0.001, d
= 0.929), and “Vigorous” (U = 82.000, z = —2.757, p = 0.006, d =

Table 1
Demographic and clinical characteristics of participants.

Demographic & clinical Depressive disorders Anxiety disorders

characteristics (n=30) (n = 30)
Mean + SD / n (%)
Age, years 47.4 £ 95 43.3 +11.3
Sex
Female 17(56.7 %) 22(73.3 %)
Male 13(43.3 %) 8(26.7 %)
Education levels
<High school 10(33.3 %) 15(50.0 %)
Vocational school/ 7(23.3 %) 9(30.0 %)
Junior college
2University 13(43.3 %) 6(20.0 %)
Diagnosis Major depressive disorder Specific phobia 4(13.3

24(80.0 %, of which 18 or
60 % were recurrent)
Persistent depressive
disorder 6(20.0 %)

%)

Panic disorder 14(46.7
%)

Social anxiety disorder
5(16.7 %)

Generalized anxiety
disorder 5(16.7 %)
Unspecified anxiety
disorder 2(6.7 %)
Depressive disorders 6
(20.0 %)

Bipolar disorders 1(3.3
%)

Comorbid conditions Anxiety disorders 4(13.3
%)

Eating disorders 1(3.3 %)

Smoking
Yes 5(16.7 %) 4(13.3 %)
No 25(83.3 %) 26(86.7 %)
Alcohol
Yes 12(40 %) 9(30 %)
No 18(60 %) 21(70 %)
Drug
Antidepressant 27(90.0 %) 27(90.0 %)
Antianxiety 8(26.7 %) 19(63.3 %)
Antipsychotics 11(36.7 %) 5(16.7 %)
Mood stabilizer 1(3.3 %) 2(6.7 %)
Depressive symptoms 16.9 £11.5 16.1 +10.8
(BDI)
State anxiety(STAI-Y1) 40.9 £ 9.1 45.2 + 8.9
Trait anxiety(STAI-Y2) 50.6 + 13.2 51.2 +10.2

SD, standard deviation; BDI, Beck Depression Inventory-II; STAI, State-Trait
Anxiety Inventory.
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0.478) all significantly improved with visual stimulation from nature
images compared to city images (see Fig. 2, left).

In the anxiety disorder group (n = 30) as well, scores for “Comfort-
able” (U = 44.000, z = —3.485, p < 0.001, d = 0.825), “Relaxed” (U =
35.000, z = —3.701, p < 0.001, d = 0.885), and “Vigorous” (t = 5.047, p
< 0.001, d = 0.921) all significantly improved with visual stimulation
from nature images compared to city images (see Fig. 2, right).

3.3. Effects on Oxy-Hb in the orbital PFC

In the depression group, both the left orbital PFC (t = 2.355, p =
0.025, d = 0.430) and the right orbital PFC (U = 98.000, z = —2.766, p
= 0.006, d = 0.545) showed a statistically significant increase in the
concentration of Oxy-Hb when visually stimulated by nature images
compared to city images (Fig. 3, left).

On the other hand, in the anxiety disorder group, both the left orbital
PFC (t = —0.722, p = 0.476, d = —0.132) and the right orbital PFC (U =
269.000, z = —0.751, p = 0.453, d = —0.204) showed a trend of
decreased Oxy-Hb concentration when visually stimulated by nature
images compared to city images. However, there was no statistically
significant change (Fig. 3, right).

Yet, when investigating the relationship between the change in
orbital prefrontal Oxy-Hb concentration due to visual stimulation with
nature images and mood changes in the anxiety disorder group, a sig-
nificant negative correlation (Rho = —0.437, p = 0.016) was confirmed
between the change in left orbital prefrontal Oxy-Hb concentration and
the change in the “Comfortable” mood (Fig. 4). This indicates that the
greater the reduction in orbital prefrontal Oxy-Hb concentration when
visually stimulated by nature images compared to city images, the
greater the mood-improving effect in the “Comfortable” category. On
the other hand, for “Relaxed”, there was no significant correlation in
either the left orbital PFC (Rho = —0.126, p = 0.508) or the right orbital
PFC (Rho = —0.138, p = 0.468). Similarly, for “Vigorous”, there was no
significant correlation in either the left orbital PFC (Rho = —0.155, p =
0.412) or the right orbital PFC (Rho = —0.116, p = 0.541).

3.4. HRYV effects

In the depression group, neither HF (t = —0.808, p = 0.426, d =
—0.150) nor LE/HF (t = 1.266, p = 0.216, d = 0.235) showed statisti-
cally significant changes when comparing visual stimuli from city and
nature images (Fig. S1, left).

Similarly, in the anxiety disorder group, neither HF (U = 228.000, z
=0.227, p =0.820, d = 0.171) nor LF/HF (U = -299.000, z = 1.762, p =
0.078, d = 0.337) exhibited statistically significant changes (Fig. S1,
right). Subsequent analysis investigating the association between
changes in HRV and mood changes revealed no significant correlations
in either the depressive or anxiety disorder groups (Table S1).

3.5. Intervention effects of visual stimuli from nature images reflecting the
impact of study objective recognition

To exclude the impact of expectations on the mood-improving effects
of natural environments, this study was conducted in a blinded manner.
After the experiment, recognition of the study’s objective (whether
participants noticed it during the experiment) was utilized as a covariate
to investigate the effects of visual stimuli from nature images on mood,
Oxy-Hb concentration in the orbital PFC, and HRV using a repeated
measures ANOVA. The results are presented in Table S2.

For the depression group, significant mood improvement effects due
to visual stimuli from nature images were observed for “Comfortable”
and “Relaxed” moods, consistent with the previously mentioned results.
However, no significant effect was found for “Vigorous.” In the anxiety
disorder group, significant mood-improving effects were observed for all
mood items, consistent with previous results.

Regarding Oxy-Hb concentration in the orbital PFC, there was a
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Fig. 2. The effect of visual stimulation by nature images on mood. Bars colored in gray represent mood scores after viewing city images, while those in green indicate
mood scores after viewing nature images. The left graph is for the depressive disorder group, and the right graph is for the anxiety disorder group. In both groups,
significant mood improvement effects were observed in all mood items with visual stimulation from nature images. ** p < 0.01, *** p < 0.001, paired t-test or
Wilcoxon rank-sum test. VAS, visual analog scale. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article.)
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Fig. 3. The impact of visual stimulation by nature images on the concentration of oxygenated hemoglobin (Oxy-Hb) in the orbital PFC. The green and black lines in
the top graph represent the temporal changes in the Oxy-Hb average concentration during the intervention in the nature (=green) and city (=black) conditions,
respectively. The shaded areas in green and black represent the standard error. The bottom graph depicts the average values during the intervention, with green
representing nature and gray representing city. In the depression group, a significant increase in the concentration of Oxy-Hb in the orbital PFC was observed due to
visual stimulation by nature images. No significant changes were observed in the anxiety disorder group. * p < 0.05, ** p < 0.01, paired t-test or Wilcoxon rank-sum
test. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

significant increase in the depression group during visual stimuli from
nature images compared to city ones, while no significant change was
observed in the anxiety disorder group. For HRV, no significant changes
were observed in either group, consistent with previous results.

To investigate the impact of study objective recognition on the
relationship between changes in Oxy-Hb concentration in the orbital
PFC and mood changes due to visual stimuli from nature images in the
anxiety disorder group, a regression analysis was conducted. Changes in
Oxy-Hb concentration in the orbital PFC, recognition of the study’s
objectives, and their interaction were used as independent variables,
with mood changes as the dependent variable. Consistent with previous
results, a significant relationship between changes in the left orbital
prefrontal Oxy-Hb concentration and “Comfortable” mood changes was
observed (B =-23.963, p = 0.013) (Table S3). Additionally, a regression
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analysis was conducted to examine the relationship between HRV
changes and mood changes due to visual stimuli from nature images,
and no significant relationships were observed (Table S3).

3.6. Intervention effects in the pure depression group, pure anxiety
disorder group, and comorbidity group

Participants without comorbid anxiety disorders in the depression
group were classified as the pure depression group (n = 26). Participants
without comorbid depression in the anxiety disorder group were clas-
sified as the pure anxiety disorder group (n = 24). Participants with both
depressive and anxiety disorders were classified as the comorbidity
group (n = 10). For each group, the intervention effects of visual stimuli
from nature images on mood, Oxy-Hb concentration in the orbital PFC,
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Fig. 4. Association between changes in the concentration of oxygenated he-
moglobin (Oxy-Hb) in the orbital PFC and mood changes due to visual stimu-
lation by nature images in the anxiety disorder group. The horizontal axis
indicates the change in concentration of Oxy-Hb in the orbital PFC due to visual
stimulation by nature images compared to the control, which is the city image;
it represents the result of subtracting the value for city images from the value
for nature images. The vertical axis indicates the mood change in “Comfortable”
due to visual stimulation by nature images compared to city images; it repre-
sents the result of subtracting the value for city images from the value for nature
images. In the anxiety disorder group, a statistically significant negative cor-
relation was observed between the change in the concentration of Oxy-Hb in
the left orbital PFC and the change in “Comfortable” (Rho = —0.437, p =
0.016). A regression line is plotted to visually represent this association. PFC,
prefrontal cortex.

and HRV were analyzed.

In the pure depression group, repeated measures ANOVA was con-
ducted using recognition of the study’s objectives as a covariate to
investigate the intervention effects of visual stimuli from nature images
on mood, Oxy-Hb concentration in the orbital PFC, and HRV. For mood,
as with the results in the depression group (n = 30) reported earlier,
significant mood-improving effects were observed in “Comfortable” and
“Relaxed” from visual stimuli of nature images. Furthermore,
“Vigorous,” which was not significant in the depression group, also
showed a significant improvement here (Fig. S2). The Oxy-Hb concen-
tration in the orbital PFC significantly increased for both the left and
right sides due to the visual stimuli from nature images, similar to the
results in the depression group (Fig. S3). For HRV, there were no sig-
nificant changes, similar to the depression group (Fig. S5).

Similarly, in the pure anxiety disorder group, a repeated measures
ANOVA was conducted. For mood, significant mood-improving effects
were observed in “Relaxed” and “Vigorous,” similar to the results in the
anxiety disorder group (n = 30) reported earlier, but no significant
mood-improving effects were observed for “Comfortable” (Fig. S2).
There were no significant changes in the Oxy-Hb concentration in the
orbital PFC, consistent with the results in the anxiety disorder group
(Fig. S3). A regression analysis was conducted to investigate the rela-
tionship between changes in the Oxy-Hb concentration in the left orbital
prefrontal cortex and mood changes due to the visual stimuli from na-
ture images. A significant relationship was observed between changes in
the left orbital PFC Oxy-Hb concentration and “Comfortable” mood
changes (B =-24.141, p = 0.015) (Table S4, Fig. S4), consistent with the
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results in the anxiety disorder group. There were no other significant
relationships. For HRV, there were no significant changes, consistent
with the results in the anxiety disorder group (Fig. S5). A regression
analysis was conducted to examine the relationship between HRV
changes and mood changes due to visual stimuli from nature images, but
no significant changes were observed (Table S4).

In the comorbidity group, a repeated measures ANOVA was similarly
conducted. For mood, a significant mood-improving effect was observed
for “Relaxed,” but there were no significant changes for “Comfortable”
and “Vigorous™ (Fig. S2). There were no significant changes in the Oxy-
Hb concentration in the orbital PFC (Fig. S3). A regression analysis was
conducted to investigate the relationship between changes in the Oxy-
Hb concentration in the orbital prefrontal cortex and mood changes
due to visual stimuli from nature images, but no significant relationship
was found. For HRV, there were no significant changes as determined by
the repeated measures ANOVA (Fig. S5). Furthermore, regression ana-
lyses were conducted to examine the relationships between changes in
Oxy-Hb concentration or HRV and mood changes due to visual stimuli
from nature images, but no significant changes were found in either case
(Table S4).

3.7. The relationship between the severity of depressive symptoms and
anxiety symptoms, and the intervention effects

To investigate the impact of the severity of depressive and anxiety
symptoms on the intervention effects, we conducted correlation ana-
lyses between BDI/STAI-Y1, and the changes in mood, changes in orbital
prefrontal Oxy-Hb concentration, and HRV changes in the entire group
of participants (n = 60) as well as in the depressive disorder group (n =
30) and the anxiety disorder group (n = 30).

As a result, in all groups (entire participants, depressive disorder
group, and anxiety disorder group), there were no significant correla-
tions between BDI and mood changes, changes in orbital prefrontal Oxy-
Hb concentration (Fig. 5), or HRV changes (Fig. $6). This means that the
severity of depressive symptoms did not influence the intervention
effects.

On the other hand, in the entire group of participants, there was a
significant negative correlation between STAI-Y1 and the changes in all
mood items (Fig. 6). The results indicated that the greater the severity of
anxiety symptoms, the smaller the mood-improving effects of visual
stimulation by nature images. However, even in cases of high severity,
mood-improving effects were observed in most subjects. Regarding re-
sults by disease group, in the depressive disorder group, there was a
significant negative correlation between STAI-Y1 and the changes in
"Comfortable" and "Vigorous", while in the anxiety disorder group, there
was a significant negative correlation between STAI-Y1 and the changes
in "Comfortable" and "Relaxed" (Fig. 6). There were no significant cor-
relations between STAI-Y1 and changes in orbital prefrontal Oxy-Hb
concentration (Fig. 6) or HRV changes (Fig. S7).

4. Discussion

Both the depressive disorder group and the anxiety disorder group
showed mood-improving effects from visual stimulation by nature im-
ages, consistent with previous reports in healthy subjects (Song et al.,
2018a; Yamashita et al., 2021). While the benefits of exposing the five
senses to natural stimuli for depressive and anxiety disorders have been
suggested (Berman et al., 2012; Watkins-Martin et al., 2022; Maas et al.,
2009; Hystad et al., 2019), this study confirmed that visual stimuli from
nature alone can produce mood-improving effects in both depressive
and anxiety disorders. Furthermore, this mood-improving effect was
observed regardless of whether the participants were aware of the
research’s objectives.

Regarding the concentration of orbital prefrontal Oxy-Hb, different
trends were observed between the depressive disorder group and the
anxiety disorder group. In the depressive disorder group, the
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BOI

Fig. 5. The relationship between depressive symptoms (BDI) and the mood changes and changes in orbital prefrontal oxygenated hemoglobin concentration due to
visual stimulation by nature images. No significant correlations were found in either case. BDI, Beck Depression Inventory-II; PFC, prefrontal cortex.
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Fig. 6. The relationship between anxiety symptoms (STAI-Y1) and the mood changes and changes in orbital prefrontal oxygenated hemoglobin concentration due to
visual stimulation by nature images. The results for items with statistically significant correlations (p < 0.05) are indicated. Black text represents the entire group of
participants, green represents the depressive disorder group, and orange represents the anxiety disorder group. Regression lines are presented exclusively for cor-
relations that reached statistical significance to offer a clear visualization of their directionality. PFC, prefrontal cortex; STAI-Y1, State-Trait Anxiety Inventory State
Anxiety Subscale. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)

concentration of orbital prefrontal Oxy-Hb increased with visual stim-
ulation from nature images. In contrast, in the anxiety disorder group,
although no significant change was observed, there was a negative
correlation between the change in the concentration of orbital prefrontal
Oxy-Hb and the mood-improving effect of “Comfortable”.

In previous reports on healthy subjects, visual stimulation from na-
ture resulted in a decrease in the concentration of prefrontal Oxy-Hb and
an increase in parasympathetic nervous system activity, which was
interpreted as the brain relaxing (Jo et al., 2019b; Chen and Nakagawa,
2019). Consistent with the reports on healthy individuals, in the present
study, the greater the decrease in the concentration of orbital prefrontal
Oxy-Hb in the anxiety disorder group, the greater the improvement in
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“Comfortable”. Given that hyperactivity in the prefrontal region is
characteristic of anxiety disorders (Aupperle and Paulus, 2010; Bruehl
etal., 2014; Mizzi et al., 2022) and that a reduction in prefrontal Oxy-Hb
concentration during anxiety improvement in exposure therapy has
been reported (Rosenbaum et al., 2020), it is believed that visual stimuli
from nature images relaxed the orbital prefrontal area of patients with
anxiety disorders, leading to the mood-improving effect of “Comfort-
able”. On the other hand, no significant changes in orbital prefrontal
Oxy-Hb were observed for “Relaxed” and “Vigorous”. In healthy in-
dividuals, walking in a natural environment can lead to a decrease in
amygdala activity (Sudimac et al., 2022) and a decrease in anterior
cingulate cortex activity (Bratman et al., 2015). The mood-improving
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effects of “Relaxed” and “Vigorous” from visual stimuli of nature images
might be due to effects on deeper brain areas, such as the amygdala and
anterior cingulate cortex, which cannot be observed by NIRS (Chen and
Nakagawa, 2019).

For the depressive disorder group, an increase in orbital prefrontal
Oxy-Hb concentration was observed, resulting in findings opposite to
those in healthy individuals. It has been pointed out that patients with
depressive disorder exhibit decreased cerebral blood flow in the pre-
frontal region and hypoactivation (Hosokawa et al., 2009; Nixon et al.,
2013; Rive et al., 2013; Korgaonkar et al., 2013; Arias et al., 2020; Ho
et al., 2020). Moreover, there is a report that neurofeedback training
that activates the left orbitofrontal cortex in patients with depression led
to alleviation of depressive symptoms (Takamura et al., 2020). Thus, it is
believed that the visual stimulation from nature images activated the
orbital prefrontal area of patients with depressive disorders, resulting in
mood-improving effects.

In this study, the physiological changes due to nature image stimu-
lation differed between depressive disorders and anxiety disorders, but
both showed a mood-improving effect. The benefits of nature stimula-
tion have been reported for various conditions, such as depression
(Berman et al., 2012), alcohol dependency (Shin et al., 2012), gambling
addiction (Ochiai et al., 2023), and depression and anxiety in chronic
stroke patients (Chun et al., 2017). Based on the results of this study and
previous research, the mood-improving effects of nature stimulation
may not arise from a uniform physiological change but are possibly
induced by individual physiological changes specific to each condition.
Recent studies have reported that with visual stimulation of roses, if
initial sympathetic activity was high, it decreased, and if initial activity
was low, it increased (Ikei et al., 2023), suggesting that nature stimu-
lation might influence the body’s homeostasis.

In this study, no changes in HRV were observed in both the depres-
sive disorder and anxiety disorder groups. A possible reason for this
could be that both depressive and anxiety disorders are reported to have
decreased HRV compared to healthy individuals (Kemp et al., 2010;
Chalmers et al., 2014; Wang et al., 2023). The response of HRV to visual
stimulation from nature images might differ in these patients compared
to healthy individuals. It is possible that a more potent stimulus is
required to induce changes in HRV in patients with depressive or anxiety
disorders.

Regarding the association between the severity of depressive and
anxiety symptoms and the intervention effect, the severity of depressive
symptoms did not affect the intervention effect. This means that
regardless of the severity of depressive symptoms, we can expect
intervention effects from visual stimulation by nature images. For the
severity of anxiety symptoms, there was no effect on the intervention
outcomes of orbital prefrontal Oxy-Hb concentration or HRV. However,
as the severity of anxiety symptoms increased, the mood-improving ef-
fect diminished. Nevertheless, for most participants, even with high
severity of anxiety symptoms, a mood-improving effect was observed. In
other words, patients with strong anxiety can expect a mood-improving
effect from nature visual stimuli, albeit modest. For these patients, it
may be necessary to consider additional interventions beyond nature
stimuli.

For the comorbidity group, the mood-improving effect of visual
stimulation by nature images was only observed in “Relaxed”, and there
were no significant changes in orbital prefrontal Oxy-Hb concentration
or HRV. It has been reported that the comorbidity of depressive and
anxiety disorders tends to be resistant to treatment (Chen, 2022), sug-
gesting that interventions using visual stimulation from nature images
may also be less effective.

This study has several limitations. First, this study did not evaluate
whether each patient was in an acute or remission phase, and there is a
need to investigate the effect according to the condition of the illness.
Secondly, while we observed that the concentration of orbital prefrontal
Oxy-Hb increased in cases of depression and decreased in anxiety,
additional research is necessary to confirm if these changes are specific
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to depression and anxiety by comparing them with healthy control
subjects. Thirdly, we only examined the effects of brief visual stimula-
tion by nature images, and the effects of repeated and prolonged stim-
ulation remain unknown. It is necessary to verify the enduring effects
and elucidate clinical significance, such as in preventing onset or
recurrence. Fourthly, the NIRS measurement method used in this study
can only examine relative values. There is a method for measuring ab-
solute values in NIRS called time-resolved spectroscopy (TRS). Using
such methods to measure absolute values in the future may contribute to
understanding the neural foundation of mood enhancement by nature,
and elucidating the pathology of depressive and anxiety disorders.

5. Conclusion

In this study, while the orbital prefrontal Oxy-Hb responses differed
between depressive and anxiety disorders, both showed mood-
improving effects, confirming the utility of visual stimulation by na-
ture images. To the best of our knowledge, this study is the first report
elucidating the mood-improving effects and physiological responses to
visual stimulation by nature images in patients with depressive and
anxiety disorders. It may contribute insights for refining therapeutic
environments and enhancing the development of nature-based therapies
in the future.

Funding

This research was supported by Japan Society for the Promotion of
Science (JSPS) KAKENHI (Grant Number JP 22K15764) to CC.

CRediT authorship contribution statement

Tomohiro Mizumoto: Writing — review & editing, Writing — original
draft, Resources, Methodology, Investigation, Formal analysis. Harumi
Ikei: Writing — review & editing, Resources, Methodology. Kosuke
Hagiwara: Writing —review & editing, Resources, Investigation. Toshio
Matsubara: Writing — review & editing, Resources. Fumihiro Higuchi:
Writing — review & editing, Resources. Masaaki Kobayashi: Writing —
review & editing, Resources. Takahiro Yamashina: Writing — review &
editing, Software. Jun Sasaki: Writing — review & editing, Resources.
Norihiro Yamada: Writing — review & editing, Resources. Naoko
Higuchi: Writing — review & editing, Resources. Kenichi Haraga:
Writing — review & editing, Resources. Fumiaki Kirihara: Writing —
review & editing, Resources. Emi Okabe: Writing — review & editing,
Methodology, Investigation. Kumi Asai: Writing — review & editing,
Methodology, Investigation. Masako Hirotsu: Writing — review &
editing, Methodology, Investigation. Chong Chen: Writing — review &
editing, Writing — original draft, Methodology, Investigation, Funding
acquisition, Conceptualization. Yoshifumi Miyazaki: Writing — review
& editing, Resources, Methodology. Shin Nakagawa: Writing — review
& editing, Resources.

Declaration of competing interest

C.C. is the author of CleverLand: The Psychology of How Nature
Nurtures. The other authors declare no conflict of interest.

Acknowledgements
None.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jad.2024.04.025.



T. Migumoto et al.
References

Aga, K., Inamura, M., Chen, C., Hagiwara, K., Yamashita, R., Hirotsu, M., Nakagawa, S.,
2021. The effect of acute aerobic exercise on divergent and convergent thinking and
its influence by mood. Brain Sci. 11 (5), 546.

Arias, J.A., Williams, C., Raghvani, R., Aghajani, M., Baez, S., Belzung, C., Kemp, A.H.,
2020. The neuroscience of sadness: a multidisciplinary synthesis and collaborative
review. Neurosci. Biobehav. Rev. 111, 199-228.

Aupperle, R.L., Paulus, M.P., 2010. Neural systems underlying approach and avoidance
in anxiety disorders. Dialogues Clin. Neurosci. 12 (4), 517-531.

Beck, A.T., Stree, R.A., Brown, G.K., 1996. The Psychological Corporation (2003). In:
Kojima, M., Furukawa, T. (Eds.), Japanese Translation BDI-II. Nihon Bunka
Kagakusha Co., Ltd.

Berman, M.G., Kross, E., Krpan, K.M., Askren, M.K., Burson, A., Deldin, P.J., Jonides, J.,
2012. Interacting with nature improves cognition and affect for individuals with
depression. J. Affect. Disord. 140 (3), 300-305.

Bratman, G.N., Hamilton, J.P., Hahn, K.S., Daily, G.C., Gross, J.J., 2015. Nature
experience reduces rumination and subgenual prefrontal cortex activation. Proc.
Natl. Acad. Sci. 112 (28), 8567-8572.

Bruehl, A.B., Delsignore, A., Komossa, K., Weidt, S., 2014. Neuroimaging in social
anxiety disorder—a meta-analytic review resulting in a new neurofunctional model.
Neurosci. Biobehav. Rev. 47, 260-280.

Camm, A.J., et al., 1996. Heart rate variability. Standards of measurement, physiological
interpretation, and clinical use. Task Force of the European Society of Cardiology
and the North American Society of Pacing and Electrophysiology. Eur. Heart J. 17
(3), 354-381.

Chalmers, J.A., Quintana, D.S., Abbott, M.J.A., Kemp, A.H., 2014. Anxiety disorders are
associated with reduced heart rate variability: a meta-analysis. Front. Psychol. 5, 80.

Chen, C., 2018. CleverLand: The Psychology of How Nature Nurtures. Brain & Life
Publishing, London, UK.

Chen, C., 2022. Recent advances in the study of the comorbidity of depressive and
anxiety disorders. Adv. Clin. Exp. Med. 31 (4), 355-358.

Chen, C., Hagiwara, K., Nakagawa, S., 2024. Introducing the Chen-Hagiwara Mood Test
(CHAMT): A novel, brief scale developed in Japanese populations for assessing mood
variations. Asian Journal of Psychiatry 103941.

Chen, C., Nakagawa, S., 2018. Planetary health and the future of human capacity: The
increasing impact of planetary distress on the human brain. Challenges 9 (2), 41.

Chen, C., Nakagawa, S., 2019. Nature’s pathways on human health. In: Kotte, D., Li, Q.,
Shin, W.S., Michalsen, A. (Eds.), International Handbook of Forest Therapy.
Cambridge Scholars Publishing, Newcastle upon Tyne, UK, pp. 12-31.

Chun, M.H., Chang, M.C., Lee, S.J., 2017. The effects of forest therapy on depression and
anxiety in patients with chronic stroke. Int. J. Neurosci. 127 (3), 199-203.

Ferrari, M., Quaresima, V., 2012. A brief review on the history of human functional near-
infrared spectroscopy (fNIRS) development and fields of application. Neuroimage 63
(2), 921-935.

Hansen, M.M., Jones, R., Tocchini, K., 2017. Shinrin-yoku (forest bathing) and nature
therapy: a state-of-the-art review. Int. J. Environ. Res. Public Health 14 (8), 851.

Himeno, C., Nakazawa, H., Hamada, S., Ikeda, H., Kitajiri, M., Yamashita, T., 2005. An
investigation of state-trait anxiety inventory (STAI) in dizzy patients. Equilibrium
Research 64 (4), 225-232.

Ho, C.S., Lim, L.J., Lim, A.Q., Chan, N.H., Tan, R.S., Lee, S.H., Ho, R.C., 2020. Diagnostic
and predictive applications of functional near-infrared spectroscopy for major
depressive disorder: a systematic review. Front. Psychol. 11, 378.

Hosokawa, T., Momose, T., Kasai, K., 2009. Brain glucose metabolism difference between
bipolar and unipolar mood disorders in depressed and euthymic states. Prog. Neuro-
Psychopharmacol. Biol. Psychiatry 33 (2), 243-250.

Hystad, P., Payette, Y., Noisel, N., Boileau, C., 2019. Green space associations with
mental health and cognitive function: results from the Quebec CARTaGENE cohort.
Environmental Epidemiology 3 (1).

Tkei, H., Song, C., Lee, J., Miyazaki, Y., 2015a. Comparison of the effects of olfactory
stimulation by air-dried and high-temperature-dried wood chips of hinoki cypress
(Chamaecyparis obtusa) on prefrontal cortex activity. J. Wood Sci. 61, 537-540.

Ikei, H., Song, C., Miyazaki, Y., 2015b. Physiological effect of olfactory stimulation by
Hinoki cypress (Chamaecyparis obtusa) leaf oil. J. Physiol. Anthropol. 34, 1-7.

Ikei, H., Song, C., Miyazaki, Y., 2016. Effects of olfactory stimulation by a-pinene on
autonomic nervous activity. J. Wood Sci. 62 (6), 568-572.

Tkei, H., Song, C., Miyazaki, Y., 2023. Physiological adjustment effect of visual
stimulation by fresh rose flowers on sympathetic nervous activity. Front. Psychol.
14, 1159458.

Jo, H., Song, C., Ikei, H., Enomoto, S., Kobayashi, H., Miyazaki, Y., 2019a. Physiological
and psychological effects of forest and urban sounds using high-resolution sound
sources. Int. J. Environ. Res. Public Health 16 (15), 2649.

Jo, H., Song, C., Miyazaki, Y., 2019b. Physiological benefits of viewing nature: a
systematic review of indoor experiments. Int. J. Environ. Res. Public Health 16 (23),
4739.

Jo, H., Ikei, H., Miyazaki, Y., 2022a. Physiological and psychological responses of
viewing a waterfall image: a crossover study. Int. J. Environ. Res. Public Health 20
(1), 565.

Jo, H., Ikei, H., Miyazaki, Y., 2022b. Physiological and psychological benefits of viewing
an autumn foliage mountain landscape image among young women. Forests 13 (9),
1492.

Kanaya, N., Hirata, N., Kurosawa, S., Nakayama, M., Namiki, A., 2003. Differential
effects of propofol and sevoflurane on heart rate variability. The Journal of the
American Society of Anesthesiologists 98 (1), 34-40.

265

Journal of Affective Disorders 356 (2024) 257-266

Kemp, A.H., Quintana, D.S., Gray, M.A., Felmingham, K.L., Brown, K., Gatt, J.M., 2010.
Impact of depression and antidepressant treatment on heart rate variability: a review
and meta-analysis. Biol. Psychiatry 67 (11), 1067-1074.

Kessler, R.C., Bromet, E.J., 2013. The epidemiology of depression across cultures. Annu.
Rev. Public Health 34, 119-138.

Korgaonkar, M.S., Grieve, S.M., Etkin, A., Koslow, S.H., Williams, L.M., 2013. Using
standardized fMRI protocols to identify patterns of prefrontal circuit dysregulation
that are common and specific to cognitive and emotional tasks in major depressive
disorder: first wave results from the iSPOT-D study. Neuropsychopharmacology 38
(5), 863-871.

Li, Q., Morimoto, K., Kobayashi, M., Inagaki, H., Katsumata, M., Hirata, Y., Miyazaki, Y.,
2008. A forest bathing trip increases human natural killer activity and expression of
anti-cancer proteins in female subjects. J. Biol. Regul. Homeost. Agents 22 (1),
45-55.

Maas, J., Verheij, R.A., de Vries, S., Spreeuwenberg, P., Schellevis, F.G., Groenewegen, P.
P., 2009. Morbidity is related to a green living environment. J. Epidemiol.
Community Health 63 (12), 967-973.

McTeague, L.M., Rosenberg, B.M., Lopez, J.W., Carreon, D.M., Huemer, J., Jiang, Y.,
Etkin, A., 2020. Identification of common neural circuit disruptions in emotional
processing across psychiatric disorders. Am. J. Psychiatry 177 (5), 411-421.

Miyazaki, Y., 2018. Shinrin-yoku: The Japanese Way of Forest Bathing for Health and
Relaxation. Octopusbooks, Aster, Hachette UK Company.

Mizzi, S., Pedersen, M., Lorenzetti, V., Heinrichs, M., Labuschagne, I., 2022. Resting-state
neuroimaging in social anxiety disorder: a systematic review. Mol. Psychiatry 27 (1),
164-179.

Nixon, N.L., Liddle, P.F., Worwood, G., Liotti, M., Nixon, E., 2013. Prefrontal cortex
function in remitted major depressive disorder. Psychol. Med. 43 (6), 1219-1230.

Obrig, H., Villringer, A., 2003. Beyond the visible—imaging the human brain with light.
J. Cereb. Blood Flow Metab. 23 (1), 1-18.

Ochiai, H., Song, C., Ikei, H., Imai, M., Miyazaki, Y., 2017. Effects of visual stimulation
with bonsai trees on adult male patients with spinal cord injury. Int. J. Environ. Res.
Public Health 14 (9), 1017.

Ochiai, H., Ikei, H., Jo, H., Ohishi, M., Miyazaki, Y., 2023. Relaxation effect of nature
sound exposure on gambling disorder patients: a crossover study. J. Integr.
Complement. Med. 29 (8), 518-525.

Park, B.J., Tsunetsugu, Y., Kasetani, T., Hirano, H., Kagawa, T., Sato, M., Miyazaki, Y.,
2007. Physiological effects of shinrin-yoku (taking in the atmosphere of the forest)—
using salivary cortisol and cerebral activity as indicators—. J. Physiol. Anthropol. 26
(2), 123-128.

Rive, M.M., Van Rooijen, G., Veltman, D.J., Phillips, M.L., Schene, A.H., Ruhé, H.G.,
2013. Neural correlates of dysfunctional emotion regulation in major depressive
disorder. A systematic review of neuroimaging studies. Neurosci. Biobehav. Rev. 37
(10), 2529-2553.

Rosa, C.D., Larson, L.R., Collado, S., Profice, C.C., 2021. Forest therapy can prevent and
treat depression: evidence from meta-analyses. Urban For. Urban Green. 57, 126943.

Rosenbaum, D., Leehr, E.J., Rubel, J., Maier, M.J., Pagliaro, V., Deutsch, K., Ehlis, A.C.,
2020. Cortical oxygenation during exposure therapy-in situ fNIRS measurements in
arachnophobia. Neurolmage: Clinical 26, 102219.

Ross, M., Mason, G.J., 2017. The effects of preferred natural stimuli on humans’ affective
states, physiological stress and mental health, and the potential implications for
well-being in captive animals. Neurosci. Biobehav. Rev. 83, 46-62.

Russell, J.A., 2003. Core affect and the psychological construction of emotion. Psychol.
Rev. 110 (1), 145.

Shin, W.S., Shin, C.S., Yeoun, P.S., 2012. The influence of forest therapy camp on
depression in alcoholics. Environ. Health Prev. Med. 17, 73-76.

Song, C., Ikei, H., Miyazaki, Y., 2016. Physiological effects of nature therapy: a review of
the research in Japan. Int. J. Environ. Res. Public Health 13 (8), 781.

Song, C., Ikei, H., Miyazaki, Y., 2018a. Physiological effects of visual stimulation with
forest imagery. Int. J. Environ. Res. Public Health 15 (2), 213.

Song, C., Ikei, H., Nara, M., Takayama, D., Miyazaki, Y., 2018b. Physiological effects of
viewing bonsai in elderly patients undergoing rehabilitation. Int. J. Environ. Res.
Public Health 15 (12), 2635.

Song, C., Tkei, H., Kagawa, T., Miyazaki, Y., 2020. Effect of viewing real forest landscapes
on brain activity. Sustainability 12 (16), 6601.

Sudimac, S., Sale, V., Kiihn, S., 2022. How nature nurtures: amygdala activity decreases
as the result of a one-hour walk in nature. Mol. Psychiatry 1-7.

Sung, J., Woo, J.M., Kim, W., Lim, S.K., Chung, E.J., 2012. The effect of cognitive
behavior therapy-based “forest therapy” program on blood pressure, salivary cortisol
level, and quality of life in elderly hypertensive patients. Clin. Exp. Hypertens. 34
(1), 1-7.

Takada, M., Ebara, T., Sakai, Y., 2008. The acceleration plethysmography system as a
new physiological technology for evaluating autonomic modulations. Health
Evaluation and Promotion 35 (4), 373-377.

Takada, M., Ebara, T., Kamijima, M., 2010. Heart rate variability assessment in Japanese
workers recovered from depressive disorders resulting from job stress: measurements
in the workplace. Int. Arch. Occup. Environ. Health 83, 521-529.

Takamura, M., Okamoto, Y., Shibasaki, C., Yoshino, A., Okada, G., Ichikawa, N.,
Yamawaki, S., 2020. Antidepressive effect of left dorsolateral prefrontal cortex
neurofeedback in patients with major depressive disorder: a preliminary report.

J. Affect. Disord. 271, 224-227.

Wang, Z., Luo, Y., Zhang, Y., Chen, L., Zou, Y., Xiao, J., Zou, Z., 2023. Heart rate
variability in generalized anxiety disorder, major depressive disorder and panic
disorder: a network meta-analysis and systematic review. J. Affect. Disord. 330,
259-266.

Watarai, M., Hagiwara, K., Mochizuki, Y., Chen, C., Mizumoto, T., Kawashima, C.,
Nakagawa, S., 2023. Toward a computational understanding of how reminiscing



T. Mizgumoto et al.

about positive autobiographical memories influences decision-making under risk.
Cogn. Affect. Behav. Neurosci. 1-9.

Watkins-Martin, K., Bolanis, D., Richard-Devantoy, S., Pennestri, M.H., Malboeuf-
Hurtubise, C., Philippe, F., Geoffroy, M.C., 2022. The effects of walking in nature on
negative and positive affect in adult psychiatric outpatients with major depressive
disorder: a randomized-controlled study. J. Affect. Disord. 318, 291-298.

266

Journal of Affective Disorders 356 (2024) 257-266

WHO, W., 2017. Depression and Other Common Mental Disorders: Global Health
Estimates. World Health Organization, Geneva.

Yamashita, R., Chen, C., Matsubara, T., Hagiwara, K., Inamura, M., Aga, K.,
Nakagawa, S., 2021. The mood-improving effect of viewing images of nature and its
neural substrate. Int. J. Environ. Res. Public Health 18 (10), 5500.



Mood and physiological effects of visual stimulation with images of the natural environment in

individuals with depressive and anxiety disorders

Supplementary material

Table S1. Relationship between HRV changes and mood changes due to visual stimulation by

nature images.

Table S2. Intervention effects of visual stimulation by nature images reflecting the influence of

research objective recognition.

Table S3. Analysis of the relationship between changes in orbital prefrontal oxyhemoglobin
concentration/HRV and mood changes due to visual stimulation by nature images reflecting

the influence of research objective recognition.

Table S4. Analysis of the relationship between changes in orbital prefrontal oxyhemoglobin
concentration/HRV and mood changes due to visual stimulation by nature images in pure

depression group, anxiety disorder group, and comorbidity group.
Figure S1. The effect of visual stimulation by nature images on HRV.

Figure S2. The effect of visual stimulation by nature images on mood in pure depression group,

anxiety disorder group, and comorbidity group.

Figure S3. The effect of visual stimulation by nature images on orbital prefrontal oxyhemoglobin

concentration in pure depression group, anxiety disorder group, and comorbidity group.

Figure S4. Relationship between changes in orbital prefrontal oxyhemoglobin concentration and

mood changes due to visual stimulation by nature images in the pure anxiety disorder group.

Figure S5. The effect of visual stimulation by nature images on HRV in pure depression group,

anxiety disorder group, and comorbidity group.

Figure S6. Relationship between depressive symptoms and HRV changes due to visual

stimulation by nature images.

Figure S7. Relationship between anxiety symptoms and HRV changes due to visual stimulation

by nature images.



Table S1. Relationship between HRV changes and mood changes due to visual stimulation by

nature images. We conducted Pearson or Spearman correlation analyses, and statistically

significant results (p<0.05) are highlighted in bold.

Depressive Disorders

Anxiety Disorders

Ln(HF) Ln( LF/HF) Ln(HF) Ln( LE/HF)
Rho=-0.217 r=0.302 Rho=-0.179 r=0.138
Comfortable
p=0.259 p=0.111 p=0.352 p=0.475
Rho=-0.129 Rho=0.086 Rho=-0.316 r=0.171
Relaxed
p=0.506 p=0.658 p=0.095 p=0.375
Rho=-0.254 r=0.185 Rho=-0.366 r=0.302
Vigorous
p=0.184 p=0.336 p=0.051 p=0.111

Table S2. Intervention effects of visual stimulation by nature images reflecting the influence of

research objective recognition. We conducted a repeated measures ANOVA with the recognition

of the study's objective as a covariate. Statistically significant results (p<0.05) are highlighted in

bold.
NIRS
Mood HRV
(Oxy-Hb Concentration)
Left Right
Comfortable Relaxed Vigorous Ln(HF) Ln(LF/HF)
orbital PFC orbital PFC

F=11.702 F=12.649 F=2.295 F=8.473 F=9.716 F=0.001 F=0.259

Intervention
p=0.002 p=0.001 p=0.141 p=0.007 p=0.004 p=0.971 p=0.615
F=0.147 F=0.586 F=0.870 F=2.641 F=1.427 F=1.204 F=0.611

Depressive Interaction
p=0.704 p=0.450 p=0.359 p=0.115 p=0.242 p=0.282 p=0.441

Disorders

Knowledge

F=5.410 F=4.290 F=6.558 F=0.501 F=2.572 F=0.015 F=3.367
of true
p=0.027 p=0.048 p=0.016 p=0.485 p=0.120 p=0.904 p=0.078
objective

F=5.025 F=11.474 F=9.021 F=2.071 F=1.489 F=2.743 F=0.629

Intervention
p=0.033 p=0.002 p=0.006 p=0.161 p=0.233 p=0.109 p=0.435
F=4.149 F=0.097 F=1.612 F=9.792 F=11.120 F=2.120 F=0.843

Anxiety Interaction
p=0.051 p=0.758 p=0.215 p=0.004 p=0.002 p=0.157 p=0.367

Disorders

Knowledge

F=2.244 F=0.633 F=0.384 F=0.073 F=1.503 F=0.464 F=0.046
of true
p=0.145 p=0.433 p=0.541 p=0.790 p=0.230 p=0.502 p=0.832
objective




Table S3. Analysis of the relationship between changes in orbital prefrontal oxyhemoglobin

concentration/HRV and mood changes due to visual stimulation by nature images reflecting the

influence of research objective recognition. We conducted a regression analysis with the changes

in the orbital prefrontal oxygenated hemoglobin concentration/HRYV, the recognition of the study's

objective, and their interaction as independent variables, and mood changes as the dependent

variable. Statistically significant results (p<0.05) are highlighted in bold.

Depressive Disorders

Anxiety Disorders

Comfortable Relaxed Vigorous Comfortable Relaxed Vigorous
Left B=-2.870 B=-3.065 B=-6.661 B=-23.963 B=-9.111 B=-3.411
orbital PFC p=0.663 p=0.632 p=0.279 p=0.013 p=0.423 p=0.711
Knowledge
Left ftru B=1.539 B=4.730 B=4.212 B=8.013 B=2.353 B=8.000
of true
orbital PFC L p=0.879 p=0.632 p=0.653 p=0.303 p=0.806 p=0.311
objective
. B=12.858 B=14.535 B=10.734 B=24.570 B=12.867 B=4.705
NIRS Interaction
(Oxy-Hb p=0.370 p=0.300 p=0.418 p=0.022 p=0.316 p=0.649
o Right B=1.657 B=-3794 | B=5522 B=-11360 | B=-7.777 B=-4.654
Concentration) .
orbital PFC p=0.817 p=0.589 p=0.405 p=0.289 p=0.522 p=0.633
. Knowledge
Right £t B=3.882 B=4.946 B=12.217 B=11.224 B=1.475 B=7.938
of true
orbital PFC L p=0.716 p=0.635 p=0.218 p=0.199 p=0.881 p=0.319
objective
. B=1.041 B=2.770 B=-11.045 B=9.962 B=8.680 B=5.846
Interaction
p=0.938 p=0.834 p=0.377 p=0.421 p=0.538 p=0.605
Ln(HF) B=-0.810 B=-1.208 B=-7.239 B=4.129 B=1.091 B=2.236
n
p=0.948 p=0.926 p=0.556 p=0.453 p=0.842 p=0.593
Knowledge
B=-0.693 B=6.411 B=4.809 B=14.284 B=-1.877 B=3.671
Ln(HF) of true
L p=0.948 p=0.552 p=0.634 p=0.076 p=0.810 p=0.539
objective
. B=-17.686 B=-1.013 B=-9.003 B=-23.053 B=-49.290 B=-44.727
Interaction
HRV p=0.560 p=0.973 p=0.751 p=0.178 p=0.007 p=0.002
B=8.007 B=-2.252 B=2.335 B=-2.417 B=-0.618 B=4.113
Ln(LF/HF)
p=0.419 p=0.819 p=0.809 p=0.728 p=0.936 p=0.503
Knowledge
B=-4.520 B=-1.035 B=2.440 B=10.700 B=-2.984 B=3.487
Ln(LF/HF) of true
L p=0.649 p=0.917 p=0.802 p=0.206 p=0.747 p=0.636
objective
. B=26.039 B=37.250 B=21.812 B=13.405 B=16.632 B=8.503
Interaction
p=0.218 p=0.082 p=0.292 p=0.256 p=0.209 p=0.414




Table S4. Analysis of the relationship between changes in orbital prefrontal oxyhemoglobin

concentration/HRV and mood changes due to visual stimulation by nature images in pure

depression group, anxiety disorder group, and comorbidity group. We conducted a regression

analysis using changes in orbital prefrontal oxygenated hemoglobin concentration/HRYV,

recognition of the study's objective, and their interactions as independent variables, and mood

changes as the dependent variable. Statistically significant results (p<0.05) are presented in bold.

Only Depressive Disorders

Only Anxiety Disorders

Comorbid Disorders

Comfortable Relaxed Vigorous Comfortable Relaxed Vigorous Comfortable Relaxed Vigorous
Left B=-4.621 B=-3.742 B=-7.736 =-24.141 B=-9.315 B=-3.409 B=18.620 B=15.614 B=-31.895
orbital PFC p=0.510 p=0.568 p=0.187 p=0.015 p=0.421 p=0.694 p=0.444 p=0.598 p=0.266
Knowledge
Left . B=-0.652 B=7.163 B=0.433 B=12.890 B=12.510 B=13.470 B=19.953 B=-9.554 B=3.760
of true
orbital PFC o p=0.953 p=0.496 p=0.963 p=0.178 p=0.294 p=0.139 p=0.147 p=0.541 p=0.793
objective
B=18.624 B=23.467 B=18.128 B=30.259 B=15.864 B=3.288 B=-26.438 B=-10.349 B=38.996
NIRS Interaction
p=0.262 p=0.135 p=0.188 p=0.011 p=0.255 p=0.751 p=0.306 p=0.734 p=0.199
(Oxy-Hb
Concentra
fon) Right B=-1.102 B=-5.409 B=4.017 B=-13.716 B=-10.665 B=-4.163 B=15.318 B=14.288 B=1.940
tion
orbital PFC p=0.889 p=0.472 p=0.548 p=0.270 p=0.439 p=0.677 p=0.395 p=0.493 p=0.928
Knowledge
Ricgt . B=0.266 B=4514 B=7.171 B=14.652 B=8.645 B=10.544 B=20.531 B=-8.662 B=13.221
of true
orbital PFC o p=0.982 p=0.687 p=0.475 p=0.180 p=0.471 p=0.233 p=0.146 p=0.569 p=0.418
objective
B=7.992 B=12.317 B=-4.906 B=16.140 B=10.979 B=-0.686 B=-20.221 B=-10.210 B=4.007
Interaction
p=0.656 p=0.470 p=0.746 p=0.284 p=0.510 p=0.955 p=0.300 p=0.642 p=0.862
Ln(HF) B=0.259 B=-2.183 B=-2.122 B=2.523 B=-0.879 B=2.239 B=33.583 B=35.515 B=18.373
n
p=0.985 p=0.870 p=0.855 p=0.671 p=0.877 p=0.581 p=0.123 p=0.155 p=0.501
Knowledge
B=-1.844 B=8.398 B=1.960 B=11.120 B=0.541 B=6.808 B=25.949 B=-1.324 B=21.336
Ln(HF) of true
p=0.875 p=0.461 p=0.844 p=0.275 p=0.955 p=0.326 p=0.092 p=0.931 p=0.275
objective
. B=-18.550 B=1.587 B=-12.554 B=-31.814 B=-57.557 = B=-47.889 B=-33.139 B=-46.704 = B=-36.148
Interaction
p=0.558 p=0.958 p=0.639 p=0.163 p=0.013 p=0.005 p=0.304 p=0.226 p=0.412
HRV
B=7.807 B=-1.786 B=0.599 B=-2.711 B=0.047 B=3.962 B=-12.357 B=-14.357 = B=-73.624
Ln(LF/HF)
p=0.447 p=0.856 p=0.947 p=0.717 p=0.996 p=0.533 p=0.767 p=0.761 p=0.068
Knowledge
B=-6.811 B=-0.167 B=-0.999 B=2.601 B=2.111 B=9.760 B=17.450 B=-10.778 B=36.021
Ln(LF/HF) of true
p=0.537 p=0.987 p=0.918 p=0.817 p=0.870 p=0.312 p=0.380 p=0.621 p=0.056
objective
B=27.641 B=35.785 B=21.736 B=29.119 B=19.670 B=8.040 B=10.653 B=18.735 B=79.779
Interaction
p=0.217 p=0.104 p=0.271 p=0.083 p=0.294 p=0.558 p=0.808 p=0.707 p=0.063
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Figure S1. The effect of visual stimulation by nature images on HRV. Ln(HF) is the natural
logarithm of the average value of HF over 3 minutes. Ln(LF/HF) is the natural logarithm of the
3-minute average value of the LF to HF ratio. Considering the significant variability present in
HRYV data, it is common practice to apply a natural logarithm transformation during the analysis
phase to stabilize variance (Song et al., 2018b). A higher Ln(HF) reflects an increase in
parasympathetic nervous activity. A higher Ln(LF/HF) indicates increased sympathetic nervous
activity. The results on the left pertain to the depression group, while the results on the right are
for the anxiety group. No significant changes were observed in either group using paired t-tests
or the Wilcoxon rank-sum test. Due to missing data, one case from each of the depression and

anxiety groups was excluded, resulting in a sample size of n=29 for both groups.

Only Depressive Disorders Only Anxiety Disorders Comorbid Disorders
Comfortable Relaxed Vigorous Comfortable Relaxed Vigorous Comfortable Relaxed Vigorous
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Figure S2. The effect of visual stimulation by nature images on mood in pure depression group,

anxiety disorder group, and comorbidity group. Gray represents mood values after viewing city
images, while green indicates mood values after viewing nature images. The left diagram
represents the pure depression group, the center diagram represents the pure anxiety group, and
the right diagram represents the comorbidity group. In the pure depression group, there was a
significant improvement in all mood items. In the anxiety group, significant improvements were
observed in the "Relaxed" and "Vigorous" categories. In the comorbidity group, a significant
improvement was seen only in the "Relaxed" category. * p <0.05, ** p <0.01, repeated measures

ANOVA with the study's purpose recognition as a covariate.
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Figure S3. The effect of visual stimulation by nature images on orbital prefrontal oxyhemoglobin
concentration in pure depression group, anxiety disorder group, and comorbidity group. In the
upper panels, the green and black lines represent the temporal changes in the average oxygenated
Hb concentration during the intervention for nature (= green) and city (= black) images,
respectively. The green and black shadows indicate the standard error. The lower panels show the
average values during the intervention, with green representing nature and gray representing city.
In the pure depression group, a significant increase in the orbital prefrontal oxygenated
hemoglobin concentration was observed after visual stimulation by nature images. No significant
changes were observed in the anxiety group or the comorbidity group. ** p < 0.01, repeated

measures ANOVA with the study's objective recognition as a covariate.



Figure S4. Relationship between changes in orbital prefrontal oxyhemoglobin concentration and
mood changes due to visual stimulation by nature images in the pure anxiety disorder group. The
horizontal axis represents the change in the concentration of orbital prefrontal oxygenated
hemoglobin due to the visual stimulation of nature images compared to the control, which is city
images. This result is derived by subtracting the values from the city images from those of the
nature images. The vertical axis represents the mood change in "Comfortable" due to visual
stimulation of nature images compared to urban ones, and again, the result is obtained by
subtracting the values from the city images from those of the nature images. In the pure anxiety
disorder group, a statistically significant negative correlation was observed between the change
in left orbital prefrontal oxygenated hemoglobin concentration due to the visual stimulation of
nature images and the change in "Comfortable" (Rho=-0.427, p=0.037). A regression line is

plotted to visually represent this association. PFC, prefrontal cortex.



Figure S5. The effect of visual stimulation by nature images on HRV in pure depression group,
anxiety disorder group, and comorbidity group. Ln(HF) is the natural logarithm of the average
value of HF during the intervention. Ln(LF/HF) is the natural logarithm of the average value of
the LF to HF ratio during the intervention. A higher Ln(HF) reflects increased parasympathetic
nervous activity. A higher Ln(LF/HF) indicates increased sympathetic nervous activity. The left
results are from the pure depression disorder group, the center results are from the pure anxiety
disorder group, and the right results are from the comorbidity group. In the repeated measures
ANOVA with the study's objective recognition as a covariate, no significant changes were
observed in any groups. Due to missing data, one case each was excluded from the pure anxiety
disorder group and the comorbidity group, resulting in n=23 for the pure anxiety disorder group

and n=9 for the comorbidity group.

Figure S6. Relationship between depressive symptoms and HRV changes due to visual

stimulation by nature images. No significant correlations were found.

Figure S7. Relationship between anxiety symptoms and HRV changes due to visual stimulation

by nature images. No significant correlations were found.
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