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Abstract Mental disorders, such as depression, that result from high levels of men-
tal stress are associated with increased cardiovascular morbidity and mortality. In
previous studies, symptoms of depression have been associated with reduction of
heart rate variability (HRV). The aim of this study was to provide a video for the
prevention of depression and to clarify the probability of HRV reduction. Three types
of videos were provided: the sea image, the ward image, and the nostalgic image.
The nostalgic image consisted of several plays that were enjoyed by the subjects dur-
ing their own childhood. HRV components, including high-frequency (HF) and low-
frequency (LF) components, were evaluated using power spectrum analysis in eight
healthy males (57.8 £ 3.8 years of age) while they viewed the three images. These
study results showed that subjects viewing the nostalgic image maintained the same
level of HF as in the sea image. In contrast, the level of CVRR in the nostalgic image
viewing had an increasing trend unlike the sea image. These findings suggest that
the nostalgic image seems to result both in relaxation and activation effects of auto-

nomic activity.
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Introduction

Mental disorders, such as depression, are
common and serious psychiatric conditions.
The prevalence in the Unites States is high at
26.4%." This condition is more frequent than
other chronic conditions.”” The symptoms of
mental disorders, such as dysphoria, result-
ing from heavy stress, can induce an auto-
nomic imbalance.’ The condition can become
chronic and persistent and can progress to
depression.' According to current research,
depression is associated with higher rates of
cardiovascular morbidity and mortality.””
Additionally, the prevalence of mental disor-
ders is generally higher than that of any oth-
er chronic conditions.”” Nevertheless, some
mental disorders can be underestimated and

may progress to serious illnesses if medical
attention is not received.' Heart rate variabil-
ity (HRV) 1s utilized as a convenient evalua-
tion parameter for autonomic activity by re-
cording electrocardiograms or pulse waves,
and has been used frequently in psychiatric
research.” In previous studies, symptoms of
depression have been associated with reduc-
tion of HRV."" Anxiety and depressed mood
in healthy subjects are also related to low lev-
els of HRV and parasympathetic components
while the subject is under stress."™ The HRV
components respond to environmental stimu-
lation differently depending on emotional
circumstances.”” Previously, in the fields of
mental health and occupational health, imag-
es of nature, such as a forest,” the sea,” and
flowers® have been used to promote a state of
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relaxation. Lately, some studies in the field
of medical care, evaluated the effects of lis-
tening to a favorite music or watching a vid-
eo on pain relief and suffering of patients in
the perioperative period.”*” The images used
as stimuli can activate HRV in patients with
depression symptoms, and might even be use-
ful to prevent depression without medication.
However, little i1s known about images that
can contribute to decreasing HRV. The final
goal of this study was to evaluate the effect
of the emotional images on HVR activation,
such as nostalgic images that bring back old
memories. Given that reactive HRV by the
emotional video could be different from a re-
laxation video, we suggest an application of
the activation of autonomic reactivity in dys-
phoria.

Methods

Subjects

This study began in March 2015. We en-
rolled eight male health professionals aged
between 50 and 61 years of age. None of the
subjects had any history of cardiovascular
disease or mental illness. They were asked to
abstain from ingesting caffeine and alcohol
for 12 h and not to perform the strenuous ex-
ercise 24 h before the experiment.

VAS

The Visual Analog Scale (VAS) was used
to estimate the preference for each image and
the sea. Subjects were asked to mark the loca-
tion on the 10-centimeter line corresponding
to the level of preference for each image af-
ter viewing all three videos. VAS data of this
study was recorded as the number of millime-
ters from the left of the line within the range
from 0 to 100. The higher the number, the
mean preference for each image was greater.

Preparation of the videos

We prepared three types of image videos.
The sea image was edited from a healing
DVD (Nami, Kitajima, 2010). The ward image
showed an intensive care unit with the view
and alarm sound of the biomedical informa-
tion monitoring system. The nostalgic im-

age was edited from a DVD with a voice-over
(Hokkaido-Hoso, 2008), which consisted of

several plays that were enjoyed by the sub-
jects during their own childhood (Syouwa-
jidai). The length of all video’s was 10 min-
utes. The videos were projected onto a 19-inch
monitor above the upper visual line of the
subject.

Procedure

The experiments were conducted in a room
similar to that of the medical ward in Yama-
guchi University Graduate School of Medi-
cine. The room temperature was maintained
between 20° and 24°C and a relative humidity
maintained at 40% to 60%. Upon arrival to
the room, the participants read and signed
an informed consent form, and completed an
interview that provided a profile regarding
their age, smoking habits, regular alcohol
use, and regular medication and supplement
use. Then, each subject was asked to rest in
the fowler position with the bed angle ad-
justed comfortably for each one. The distance
from the subject’s face to the monitor ranged
from 80 cm to 100 cm, and 1t was adjusted ac-
cording to the height (t) and the angle of the
subjects. We used the Bispectral Index System
(BIS) monitor (QE-910P, NIHON KOHDEN,
Tokyo, JAPAN), estimated from dual chan-
nel brain waves with four electrodes placed
on the subject’s foreheads, for monitoring the
sleep-wake level. The higher the values (close
to 100), the higher the subject's awakening
level. The ECG was recorded from beginning
to end of this experiment with three ECG
electrodes attached to the chest for 1T induc-
tion. The image viewing was repeated twice,
but the projection order was changed to con-
firm the possibility that the last image may
impact the HRV from the previous image.
The subjects watched the videos in order of
the first cycle, the sea image, the ward image,
and the nostalgic image, and in the 2nd cycle,
the order was the sea image, the nostalgic
1mage, and the ward image. Each image was
projected at the 3-minute intervals, and 2nd
cycle was restarted after the first 20-minute
cycle. HRV was continuously measured from
the start to the end of the image’s presenta-
tion by measuring the R-R intervals using
a portable electrocardiograph (Activtracer
AC-301A, GMS, JAPAN). The HRV was ana-
lyzed according to the power levels of the HF
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(0.15-0.40 Hz) and LF (0.04-0.15 Hz) using the
maximum entropy method (MemCalc, GMS,
JAPAN) simultaneously. The LF was a mea-
sure for activity of both the parasympathetic
and the sympathetic systems, whereas the HF
was solely a measure of the parasympathetic
activity.” The LF/HF ratio was used as an in-
dicator of the balance between sympathetic
and parasympathetic activities. Additionally,
the coefficient of variance of R-R intervals
(CVRR: SD of the R-R interval/mean of the
R-R interval X 100) was measured as an indi-
cator of the total HRV power.”

The study protocol was conducted with the
approval of the Ethics Committee of Univer-
sity (No.).

Data analysis

All statistical analyses were performed on
a personal computer with the statistical pack-
age JMP® 12 (SAS Institute Inc., Cary, NC,
USA). To compare the mean, absolute, and
relative values between repeated measure-
ments, or among three image groups, we
used repeated measures analysis of variance
(ANOVA). A P-value of less than 0.05 was
considered to indicate statistical significance;
all tests were two-tailed.

Results

The BIS measurement did not decrease
from eighty for all subjects throughout the

image viewing. This result suggested that
all subjects were fully awake. The results of
VAS are shown in Fig. 1. The preference of
the sea image was conspicuously high. On the
other hand, the preference of the ward video
was significantly lower compared with the
sea image and the nostalgic image.

Changes of average HRV components in
each image viewing are shown in Fig. 2. The
average HF scores among all subjects during
the image viewing were 84.1 = 95.1 msec’ for
the sea image, 94.3 = 117.5 msec® for the ward
image, and 89.6 = 87.0 msec’ for the nostal-
gic image during the first cycle. In the sec-
ond round, the average HF score were 78.8 =
78.2 msec’ in the sea image, 88.4 = 84.3 msec’
in the nostalgic image and 69.1 = 46.4 msec’
in the ward image. There were no differences
in the average HF among the three images
by the repeated measures ANOVA. The ef-
fects of relaxation were not different among
three images viewing of both the 1st and 2nd
cycle. Although the average LF/HF in the
first cycle was no significant changes by re-
peated measures ANOVA, showed a tendency
to increase in the nostalgic image viewing (P
= 0.07). The average CVRR of seven of eight
subjects showed similar variance in the first
and second cycle, a tendency to increase in the
nostalgic image viewing (P = 0.56, P = 0.38).
To evaluate the impacts on HRV from the
last images, when the average HF, LF/HF
and CVRR were compared between the first
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Fig. 1 Comparison of Visual Analogue Scale, representing preference in the sea image,
the ward image and nostalgic image, and for the sea as such. *P<0.0001 according

to post hoc test.
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Fig. 3 Changes in mean HF and mean CVRR of all subjects, during the 60 min of view-
ing the images, the sea, the ward and nostalgia in twice by changing the order of

the ward and nostalgia.
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and second image viewing, there had been
a significant decrease in only LF/HF in the
second ward image. However, for both the
first and second cycles, the average LF/HF
and CVRR on the ward image were similar
to those of the previous image in each cycle.
Changes of the average HF and CVRR com-
ponents in each image viewing are shown in
Fig. 3. The sea and ward images were similar
to changes in HF and CVRR parallel to each
other. In contrast, the average HF and CVRR
for the nostalgic image viewing decreased
and increased, respectively.

Discussion

The current studies have explored the re-
laxing effect of several materials, such as
1mages of nature and listening to music via
reactive HRV analysis. However, few studies
have explored the activated autonomic activ-
ity in dysphoria and elderly people with re-
duced HRV. We propose using the nostalgic
image as alternate activator to prevent the
progression of symptoms of mental disor-
ders, such as dysphoria, particularly in el-
derly patients with decreased HRV. We have
previously reported that viewing a video of
the sea or a forest had a relaxation effect, in-
creasing HF and decreasing the heart rate.”
The results from this study suggest that
both the nostalgic image and the ward image
exerted a relaxation effect like the sea image,
resulting in a similar level of HF. Although
there was no significant difference among
three images, the nostalgic image in twice re-
vealed increasing trend in LF/HF and CVRR.
While the LF/HF and CVRR of the ward im-
age viewing during the second cycle were sig-
nificantly higher than those in the first cycle,
each value was similar to that of the previous
mmage. Although HF and LF/HF in the ward
1mage viewing did no change from the preced-
ing images, it suggests the ward image could
not stimulate autonomic reactivity and could
be recognized as a background. While the sea
and ward image resulted in similar changes
in HF and CVRR, the nostalgic image result-
ed in changes contrary to each other, such as
decreased HF, and increased CVRR. Specifi-
cally, the results of changes in HF and CVRR
showed that the nostalgic image resulted in

a different stimulation effect from that of
the sea and the ward images. When consider-
ing these findings, only the nostalgic image
seems to result in both relaxation and activa-
tion effects of autonomic activity, increasing
HF and CVRR. To our knowledge, this is the
first study to assess the activation of the au-
tonomic system by the viewing of emotional
images such as the nostalgic image, consist-
ing of varied images, sounds, and environ-
ment. Some previous studies assessed the ef-
fect of relaxation and stress reduction using
HRYV components, in the field of health and
medical treatment, such as the surgical field.
In concordance with previous studies that
have shown that depression proceeded men-
tal stress and was associated with reduced
HRYV, the emotional image might be useful
for the prevention of depression. From the
different effects on HF and CVRR achieved
with the sea image and the nostalgic image,
the nostalgic image was suggested to exert
activation effects on the autonomic activity,
which differed from the relaxation effect. The
findings of the previous study indicated that
the tilt of autonomic balance toward sympa-
thetic activation, such as the HF component,
significantly decreased and LF/HF and HR
increased with mild mental stress.” Previous
studies have shown that depression is associ-
ated with reduced HRV and cardiovascular
risk.” However, our study is important for
generating hypotheses in that watching vid-
eos that elicit emotions and bring back mem-
ories might be useful for the treatment and
prevention of symptoms associated to mental
disorders such as dysphoria and depression.
Although the mechanisms that caused these
effects are unclear, it i1s likely that view-
ing the nostalgic image had a positive effect
on the subjects. There are several potential
limitations to this study. It was one of the
weighty limits that all subjects were males,
to avoid the influence of various factors in a
menopause woman. The sample size was rela-
tively small, and a large sample would have
a significant difference among the three im-
ages. All subjects were medical professions,
and 1t 1s likely that they might express dif-
ferent responses to the ward image. However,
it is intriguing to speculate about the rea-
sons why the nostalgic image may have the
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Table 1 Comparison between first and second viewing of each video in heart rate variability.
Sea Ward Nostalgia
st 2nd p value 1st 2nd p value 1st 2nd p value

HR 73.0+8.6 71.3+8.3 0.70 71.8+8.7 71.08.0 0.85 70.6=8.6 70.1+8.3 0.91
HF 84.1x95.1 T78.8+78.2 0.90 | 94.3=117.5 69.1x46.4  0.58 89.6+87.0 88.4+84.3 0.97
LnHF  3.86=1.13 3.87x1.01  0.99 3.96x1.06  3.90x0.81  0.89 | 4.02+0.98 4.00=1.06  0.92
LF/HF 3.71+x1.93 4.50%2.10  0.45 3.28+1.46  6.51%£3.20  0.02 | 5.13*1.23 6.34%£3.43  0.36
LF 173.6+£83.8 235.1+130.4 0.28 |218.5++165.3 320.1+115.3 0.18 |352.3+264.0 377.6+211.5 0.84
CVRR 2.49+0.72 2.62=0.77  0.76 2.68«0.85  3.16x0.97 0.4 2.99«£1.13  3.056=0.63  0.68

potential of promoting a state of relaxation
and elicit emotions, which 1s a different re-
sponse to the HRV observed with videos for
relaxation. In order to reveal the activation
effect of autonomic activity to patients with
depression or mental stress, the further re-
search for them is required. In conclusion, the
image which revives memory and stimulates
emotion might have activation effect of au-
tonomic activity. Furthermore, the stimulus
images might be able useful to prevention of
depression state without medication.

Acknowledgements

This study was supported by JSPS KAK-
ENHI Grant Number 25293464.

Conflict of Interest
The authors declare no conflict of interest.
References

1. Dempyttenaere, K., Bruffaerts, R., Posada-
Villa, J., Gasquet, 1., Kovess, V., Lepine,
J. P., Angermeyer, M.C., Bernert, S., de
Girolamo, G., Morosini, P., Polidori, G.,
Kikkawa, T., Kawakami, N., Ono, Y.,
Takeshima, T., Uda, H., Karam, E.G.,
Fayyad, J.A., Karam, A.N., Mneimneh,
Z.N., Medina-Mora, M.E., Borges, G.,
Lara, C., de Graaf, R., Ormel, J., Gureje,
O., Shen, Y., Huang, Y., Zhang, M.,
Alonso, J., Haro, J.M., Vilagut, G.,
Bromet, E.J., Gluzman, S., Webb, C.,
Kessler, R.C., Merikangas, K.R., Anthony,
J.C., Von Korff, M.R., Wang, P.S,
Brugha, T.S., Aguilar-Gaxiola, S., Lee,

S., Heeringa, S., Pennell, B.E., Zaslavsky,
A.M., Ustun, T.B. and Chatterji, S.:
WHO World Mental Health Survey Con-
sortium.: Prevalence, severity, and un-
met need for treatment of mental disor-
ders in the World Health Organization
World Mental Health Surveys. JA.M.A.,
291: 2581-2590, 2004.

2. Kessler, R.C., Greenberg, P.E., Mickelson,
K.D., Meneades, L.M. and Wang, P.S.:
The effects of chronic medical conditions
on work loss and work cutback. JJ. Occup.
Environ. Med., 43: 218-225, 2001.

3. Murray, C.J.L. and Lopez, A.D.: The
Global Burden of Disease: A Comprehen-
sive Assessment of Mortality and Dis-
ability from Diseases, Injurtes and Risk
Factors in1990 and Projected to 2020,
Harvard University Press, Boston, 1996,
30-35.

4. Hjortskov, N., Rissén, D., Blangsted,
A.K., Fallentin, N., Lundberg, U. and
Sogaard, K.: The effect of mental stress
on heart rate variability and blood pres-
sure during computer work. Fur. J.
Appl. Physiol., 92: 84-89, 2004.

5. Anda, R., Williamson, D., Jones, D.,
Macera, C., Eaker, E., Glassman, A. and
Marks, J.: Depressed affect, hopeless-
ness, and the risk of ischemic heart dis-
ease in a cohort of U.S. adults. Epidemi-
ology, 4: 285-294, 1993.

6. Frasure-Smith, N., Lespérance, F. and
Talajic, M.: Depression and 18-month
prognosis after myocardial infarction.
Circulation, 91: 999-1005, 1995.

7. Pitzalis, M. V., Iacoviello, M., Todarel-
lo, O., Fioretti, A., Guida, P., Massari,
F., Mastropasqua, F., Russo, G.D. and



Effects of Nostalgic Images on HRV 43

10.

11.

12.

13.

14.

19.

16.

Rizzon, P.: Depression but not anxiety
influences the autonomic control of heart
rate after myocardial infarction. Am.
Heart J., 141: 765-771, 2001.

Jiang, W., Kuchibhatla, M., Cuffe, M.
S., Christopher, E. J., Alexander, J. D,
Clary, G. L., Blazing, M.A., Gaulden,
L.H., Califf. R.M., Krishnan, R.R. and
O'Connor, C.M.: Prognostic value of
anxiety and depression in patients with
chronic heart failure. Circulation, 110:
3452-3456, 2004.

Task Force of the European Society of
Cardiology and the North American So-
ciety of Pacing and Electrophysiology:
Heart rate variability. Standards of mea-
surement, physiological interpretation,
and clinical use. Eur. Heart J., 17: 354-
381, 1996.

Cohen, H., Matar, M.A., Kaplan, Z. and
Kotler, M.: Power spectral analysis of
heart rate variability in psychiatry. Psy-
chother Psychosom, 68: 59-66, 1999.
Rajendra Acharya, U., Paul, Joseph, K.,
Kannathal, N., Lim, C.M. and Suri, J.
S.: Heart rate variability: a review. Med.
Biol. Eng. Comput., 44: 1031-1051, 2006.
Hughes, J.W. and Stoney, C.M.: De-
pressed mood is related to high-frequen-
cy heart rate variability during stress-
ors. Psychosom. Med., 62: 796-803, 2000.
Nahshoni, E., Aravot, D., Aizenberg, D.,
Sigler, M., Zalsman, G., Strasberg, B.,
Imbar, S., Adler, E. and Weizman, A.:
Heart rate variability in patients with
major depression. Psychosomatics, 45:
129-134, 2004.

Udupa, K., Sathyaprabha, T.N, Thir-
thalli, J., Kishore, K. R., Lavekar, G. S.,
Raju, T.R. and Gangadhar, B.N.: Altera-
tion of cardiac autonomic functions in
patients with major depression: a study
using heart rate variability measures. JJ.
Affect Disord., 100: 137-141, 2007.
Shinba, T., Kariya, N., Matsui, Y., Oza-
wa, N., Matsuda, Y. and Yamamoto,
K.: Decrease in heart rate variability re-
sponse to task is related to anxiety and
depressiveness in normal subjects. Psy-
chiatry Clin. Neurosct., 62: 603-609, 2008.
Messerotti Benvenuti, S., Buodo, G.,
Mennella, R. and Palomba, D.: Somatic,

17.

19.

20.

21.

22.

23.

24.

25.

but not cognitive-affective, symptoms
are associated with reduced heart rate
variability in individuals with dysphoria.
Front. Psychol., 6: 599, 2015.

Hughes, J.W. and Stoney, C.M.: De-
pressed mood is related to high-frequen-
cy heart rate variability during stress-
ors. Psychosom. Med., 62: 796-803, 2000.
Ledowski, T., Bein, B., Hanss, R., Ton-
ner, P.H., Roller, N. and Scholz, J.: Pseu-
docholinesterase activity increases and
heart rate variability decreases with pre-
operative anxiety. Fur. J. Anaesthesiol,
22: 289-292, 2005.

Sakuragi, S., Sugiyama, Y. and Takeu-
chi, K.: Effects of laughing and weeping
on mood and heart rate variability. <.
Physiol. Anthropol. Appl. Human Sct.,
21: 159-165, 2002.

Rottenberg, J., Wilhelm, F.H., Gross,
J.J. and Gotlib, I.H.: Vagal rebound dur-
ing resolution of tearful crying among
depressed and nondepressed individuals.
Psychophystology, 40: 1-6, 2003.

Horiuchi, M., Endo, J., Takayama, N.,
Murase, K., Nishiyama, N., Saito, H.and
Fujiwara, A.: Impact of viewing vs. not
viewing a real forest on physiological and
psychological responses in the same set-
ting. Int. J. Environ. Res. Public Health,
11: 10883-10901, 2014.

Tsutsumi, M., Nogaki, H., Shimizu, Y.,
Stone, T.E. and Kobayashi, T.: Individual
reactions to viewing preferred video rep-
resentations of the natural environment:
A comparison of mental and physical re-
actions. Jpn. J. Nurs. Sct., 14: 3-12, 2017.
Ike1, H., Komatsu, M., Song, C., Himo-
ro, E. and Miyazaki, Y.: The physiologi-
cal and psychological relaxing effects of
viewing rose flowers in office workers. /.
Physiol. Anthropol., 33: 6, 2014.

Vetter, D., Barth, J., Uyulmaz, S., Von-
lanthen, R., Belli, G., Montorsi, M., Bis-
muth, H., Witt, C.M. and Clavien, P.A.:
Effects of Art on Surgical Patients: A
Systematic Review and Meta-analysis.
Ann. Surg., 262: 704-713, 2015.

Umezawa, S., Higurashi, T., Uchiyama,
S., Sakai, E., Ohkubo, H., Endo, H.,
Nonaka, T. and Nakajima, A.: Visual
distraction alone for the improvement



44

Hiromi Suenaga et al.

26.

27.

of colonoscopy-related pain and satisfac-
tion. World J. Gastroenterol., 21: 4707-
4714, 2015.

Mochizuki, H., Okahashi, S., Ugawa, Y.,
Tamura, T., Suzuki, M., Miyatake, S.,
Shigeyama, T., Ogata, K. and Kawai, M.:
Heart rate variability and hypercapnia in
Duchenne muscular dystrophy. Intern.
Med., 47 1893-1897, 2008.

Nomura, K., Ikeda, H., Mori, K., Hama-
moto, Y., Honjo, S., Kawasaki, Y., Wada,

28.

Y. and Koshiyama, H.: Less variation
of R-R interval of electrocardiogram in
nonobese type 2 diabetes with nocturnal
intermittent hypoxia. Endocr. J., 60: 225-
230, 2013.

Shinba, T., Kariya, N., Matsui, Y., Oza-
wa, N., Matsuda, Y. and Yamamoto,
K.: Decrease in heart rate variability re-
sponse to task is related to anxiety and
depressiveness in normal subjects. Psy-
chiatry Clin. Neurosci., 62: 603-609, 2008.



