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Abstract

Objective: This study aims to examine whether viewing sea images affects heart rate variability (HRV) and brain activity

during early pregnancy.

Methods: This observational study evaluated changes in HRV indices and brain activity of pregnant women during the first

trimester, both before and after viewing 5-minute sea videos. The inclusion criteria consisted of singleton pregnancies at

14–23 weeks of gestation, with no history of cardiac disease. The study included 32 pregnant women. The electrocardio-

gram (ECG) and brain activity were assessed from before the video viewing to the end of the session, which also involved

completing the Edinburgh Postnatal Depression Scale (EPDS). HRV from the ECG was used to assess autonomic activity.

Based on their EPDS scores, the women were divided into low- and high-EPDS groups.

Results: Comparing the HRV of the low- and high-EPDS groups, no significant difference was observed before and after

viewing the video. However, there was a significant increase in the high frequency powers of HRV expressed in normal

units (HFnu) (p<0.05, p<0.01) and a decreasing trend in HRV (LF/HF) after viewing the sea video regardless of the EPDS

group. In the high-EPDS group, sea video viewing led to decreased activity in the left frontal lobe and increased activity in

the right frontal lobe. In the low-EPDS group, both left and right frontal lobe activity showed a tendency to increase after
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viewing the sea video.

Conclusions: Sea videos, known for their relaxing effect, may induce negative emotional responses in individuals with a

higher risk of depression. Assessing brain activity rather than autonomic function may prove more effective in predicting

the onset of perinatal depression.

Keywords: Perinatal Depression; Heart Rate Variability; Brain Activity; Japanese Version of the Edinburgh Perinatal Depres-

sion Questionnaire; Near Infrared Spectroscopy

Introduction

Depression is  considered the most  common peri-

natal complication, with 15% of pregnant women experienc-

ing  depression  and  anxiety  [1-4].  Various  epidemiological

and case-control  studies have shown that perinatal  depres-

sion could also lead to delayed physical, psychological, and

social development in the child [5-9]. Severe cases could re-

sult in maternal suicide. Depression, anxiety, and stress dur-

ing pregnancy are often undetectable and remain untreated

by  health  professionals.  In  an  effort  to  improve  maternal

well-being globally, the World Health Organization recently

stepped up preventive efforts to reduce maternal morbidity

and mortality [10]. In January 2016, the U.S. Preventive Ser-

vices Task Force recommended screening for maternal  de-

pression [11].  The 2017 Japanese Society  of  Obstetrics  and

Gynecology  guidelines  recommend  the  Edinburgh  Postna-

tal  Depression  Scale  (EPDS)  evaluation  during  antenatal

checkups.

Early  diagnosis  and intervention for  perinatal  de-

pression are important social issues; however, the sensitivity

and  specificity  of  EPDS  for  perinatal  depression  are  low,

and  a  definitive  mass  screening  system  to  predict  depres-

sion has not been established.

In general depression, heart rate variability (HRV)

measurements, the most commonly used test to assess auto-

nomic function, are frequently reported, and meta-analyses

suggest that HRV is characterized by dysregulation of auto-

nomic  nervous  system  (ANS)  activity  [12,13].  Dysregula-

tion  of  cardiac  vagal  control,  as  indexed  by  relatively  low

high-frequency HRV (HF-HRV), has been implicated in de-

pressed mood and hypertensive  disorders  in  non-pregnant

adults [14]; however, studies during pregnancy are limited.

Rouleau et al. reported a trend toward lower HRV

in cases of perinatal depression and general depression [15].

However,  Rådmark  et  al.  reported  no  predominant  differ-

ence in HRV between non-depressed pregnant women and

pregnant women with perinatal  depression [16].  Neverthe-

less, their findings have not consistently aligned with other

studies  in  this  area.  This  can  be  attributed  to  the  fact  that

blood  circulation  increases  significantly  during  pregnancy,

and to bring about this change, sympathetic activity is also

markedly increased in normal pregnancy [17-19], resulting

in a significant change in ANS compared to pre-pregnancy.

Screening  for  depression  by  measuring  HRV

could be challenging because this change already occurs at 8

weeks of gestation [20], and there are large inter-individual

differences  in  autonomic  activity.  However,  it  is  already

known that high autonomic activity, particularly vagal activ-

ity, is associated with high resistance and adaptability to en-

vironmental stress [21].

In recent years,  there has been a significant inter-

est in depression in the field of neuroscience, and there have

been many reports on this topic. Several studies have report-

ed  that  left–right  differences  in  the  emotionally-reactive

frontal lobes are more common in patients with depression,

with several studies showing reduced activity in the left fron-

tal lobe, which is responsible for positive emotional respons-

es [22-25].

Near-infrared  spectroscopy  (NIRS)  is  gaining  at-

tention as a non-invasive method for evaluating brain activi-

ty. NIRS measures changes in weak oxyhemoglobin (oxy-H-

b)  and  deoxyhemoglobin  (deoxy-Hb)  concentrations  in

cerebral blood vessels by placing sensors with a 3 cm sensi-

bility  on  the  head,  making  it  possible  for  visualization

[26,27].  Studies  using  NIRS  to  assess  anxiety  states  have
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shown  that  subjects  with  right-dominant  resting  oxy-Hb

changes  in  the  frontal  lobe  have  higher  anxiety  levels  and

those with left-dominant resting oxy-Hb changes have low-

er  anxiety  levels  [28].  However,  to  the  best  of  our  knowl-

edge,  no  reports  have  evaluated  brain  activity  in  pregnant

and parturient women.

Many studies have reported that the natural envi-

ronment has a positive effect on ANS, and we have also re-

ported the effects of walking in the ocean, flowers, artificial

gardens, and forests on ANS balance [29]. We also demons-

trated that parasympathetic nervous activity is activated by

moving images such as the sea [30]. Stress from various en-

vironments is widely known to be a risk factor for perinatal

depression.  Previous  studies  have  shown  that  sea  images

can  reduce  stress  by  introducing  a  relaxing  effect,  suggest-

ing that they may also have a positive effect on emotional ac-

tivity [31]. However, to date, no study has examined the ef-

fects of these natural environments and images on the ANS

activity of pregnant women. Our hypotheses for the present

study are as follows: 1) depression and anxiety in pregnant

women are associated with left–right differences in brain ac-

tivity and lower activity in the left frontal lobe and 2) assess-

ment of changes in ANS activity by viewing sea images is as-

sociated with perinatal depression. We evaluated the effects

of viewing pleasant sea images on relaxation from the per-

spectives of both the brain and autonomic activity.

In  this  study,  we  evaluated  the  effects  of  pleasant

stimuli  using sea  images  on HRV and brain  activity  in  the

frontal  lobes  of  pregnant  women  in  the  first  trimester  of

pregnancy,  which is  an important period for fetal  develop-

ment,  especially  for  the  differentiation  of  the  central  ner-

vous  system.  Simultaneously,  we  conducted  the  EPDS  test

to evaluate the relationship with EPDS.

Materials and Methods

The  participants  were  pregnant  women  undergo-

ing antenatal care at the outpatient obstetrics clinic of Yam-

aguchi  University  Hospital.  Those  who were  1)  aged 18 or

older, 2) in an early pregnancy of less than 24 weeks, and 3)

with  no  history  of  cardiovascular  disease  were  enrolled  in

the  study  after  obtaining  written  informed  consent.  Based

on  the  demographic  results,  participants  did  not  include

pregnant  women  with  a  history  of  anxiety  disorders.

This  study  was  initiated  after  receiving  approval

from the Ethics Review Committee of Yamaguchi Universi-

ty Hospital  in 2022 and was conducted in accordance with

the Helsinki Declaration, as revised in 1989. All the collect-

ed data were anonymous and confidential.

Procedure

Participants were asked to wear electrocardiogram

(ECG) electrodes on their chest and optical topography test

sensors  on their  foreheads  to  measure  brain  activity  in  the

examination  room  after  the  completion  of  the  antenatal

checkup.  In  a  sitting  position,  the  participants  entered  the

following information on a PC: date of birth, expected date

of delivery, history of delivery, miscarriage, occupation, and

family  structure.  Conditions  such  as  the  distance  between

the  sea  image  and  participant,  viewing  time,  and  volume

were  determined  with  reference  to  previous  studies  [30].

The  participants  then  watched  a  5-minute  sea  video  and

were  prompted  to  respond  to  the  EPDS  on  a  PC.  During

this  period,  ECG  and  brain  activity  were  continuously  re-

corded.

The  ECG  was  recorded  from  the  beginning  until

the end of the examination. The laboratory temperature was

set  at  25° C for a quiet  environment.  Spectral  analysis  [32]

was  performed  on  the  obtained  R-R  intervals  using  Mem-

Calc  software  (GMS).  The  frequency  components  in  the

three  domains  were  quantified  to  determine  the  HRV  pa-

rameters: low frequency (LF) (ms2) power (0.04–0.15 Hz, in-

dicating sympathetic and parasympathetic activity); high fre-

quency  (HF)  (ms2)  power  (0.15–0.40  Hz,  reflecting  the

parasympathetic  nervous  system);  LF/HF  ratio  (indicating

the balance between sympathetic and parasympathetic activ-

ity); and time HRV index in the domain (RR interval coeffi-

cient  of  variation  [CVRR])  [33].  HFnu  (=  HF/(LF+HF)

×100, nu: normalized unit) was also calculated to reflect the

balance  between  sympathetic  and  parasympathetic  activi-

ties.  Regarding the HRV index,  the average of  the first  few

minutes  after  the  ECG was  attached  was  used  as  the  base-

line, and the average of the 5 minutes during sea video view-

ing was used as the effect of pleasant stimuli index.
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Brain Activity

HOT-2000, a two-channel wearable portable brain

activity  measurement  device  that  monitors  blood  flow

changes  in  the  frontal  lobe  using  near-infrared  light  was

used  [34].  A  laser  beam  of  810  nm  wavelength  was  used,

with a sampling rate of 10 Hz. This made it possible to mea-

sure  brain  activity  by  penetrating  the  scalp  of  the  cerebral

cortex up to approximately 2 cm and detecting total  blood

flow. Total hemoglobin (sum of oxy-Hb and deoxy-Hb; t-H-

b),  which  is  the  raw  data  of  signals  obtained  from  the

HOT-2000  at  two  locations  on  either  side  of  the  frontal

lobe,  was  analyzed  as  the  cerebral  blood  volume.

The device  was  worn such that  sweat  and dirt  on

the forehead were wiped away with an alcohol-impregnated

cotton ball, and the headset was placed close to the forehead

and above the eyebrows.

EPDS

EPDS, the most commonly-used screening instru-

ment for perinatal depression, is  a 10-item self-rating scale

in  which  depressive  symptoms  over  the  past  7  days  are

scored  on  a  4-point  Likert  scale  (0  to  3),  with  total  scores

ranging  from  0  to  30  [35,36].  Of  the  EPDS  items,  two  as-

sessed loss of interest, and three assessed anxiety and depres-

sion. The Japanese version of the EPDS is considered to indi-

cate  a  high propensity  for  depression,  with  a  total  score  of

13 or higher during pregnancy and 9 or higher after deliv-

ery [2,37-38].

Statistical Analysis

The cutoff value for pregnancy in the Japanese ver-

sion of the EPDS is 13 or higher, but considering the small

participants pool and the fact that the positive predictive val-

ue  of  the  Japanese  version  of  the  EPDS  is  approximately

50% when the cutoff value is set at 13 or higher [37], a cut-

off value of 9 or higher was used in this study. Demographic

factors  were  compared  between  pregnant  women  at  high

risk  of  depression  (EPDS  greater  than  9)  and  those  at  low

risk  (EPDS less  than  9)  using  the  Student  t-test,  Wilcoxon

nonparametric test, or Fisher’s exact test. HRV and brain ac-

tivity  measures  were  expressed  as  mean  ±  standard  devia-

tions.  Regarding  population  demographic  factors,  the  Stu-

dent  t-test  was  employed  to  compare  pregnant  women  at

high risk of depression (EPDS greater than 9) and those at

low risk (EPDS less than 9). Wilcoxon’s signed rank test was

conducted  to  analyze  HRV  and  brain  activity  measure-

ments  before  and  after  viewing  the  sea  video.  The  Man-

n-Whitney U test was used to compare the two groups be-

fore and after viewing the video. Cohen's d was used to com-

pare effect sizes of differences before and after video view-

ing. The statistical significance level was set at 5%. The re-

sults are presented as mean ± standard deviation. JMP Pro

version 16 (SAS Institute Inc., Cary, NC, USA) was used for

performing primary analysis. Statistical significance was set

at p≤0.05.

Results

The  participants’  characteristics  are  presented  in

Table  1.  The  average  age  of  the  participants  was  33  years.

They included 13 women who had already given birth once,

19  were  first-time  mothers  (first-time  birth  rate:  59.4%),

and  24  were  employed  (75%  employment  rate).  Of  the  32

participants, 26 (81.3%) had an EPDS lower than 9, placing

them in the low-EPDS group,  and 6 (18.8%) had an EPDS

of 9 or greater, resulting in classification as high EPDS, and

were assessed as being at high risk for depression (Table 1).

There were no significant differences in age, height, weight,

or BMI between the high- and low-depression groups. Simi-

larly,  although  not  significant,  most  of  the  high-EPDS

group  participants  were  housewives  and  postpartum

mothers.

Effects of Sea Video Viewing on HRV Index

The  results  of  the  HRV  index  from  the  baseline

and sea video viewing are shown in Table 2. There were no

significant  differences  in  HRV  indices  at  baseline  between

the  high-  and  low-depression  groups.  The  standardized

HFnu  significantly  increased  in  both  the  high-  and  low-

EPDS groups  (p<0.05,  p<0.01)  after  viewing  the  sea  video,

compared to baseline. Both the high and low EPDS groups

showed a moderate effect size (d = 0.67 and d = 0.64, respec-

tively). However, the high-EPDS group showed a slightly

higher increase (Figure 1). The LF/HF ratio also tended to

decrease after viewing the sea video for both the high- and

low-EPDS groups (Figure 1).
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Table 1: Patients’ characteristics (n=32)

All (mean±SD) All (Min-Max) EPDS≧9 (n=6) EPDS<9(n=26) p value

Age (years) 33.8±4.2 25-43 34.8±1.7 33.6±0.8 0.516

Weight (kg) 56.5±15.6 37-110 57.0±6.5 56.4±3.1 0.937

Height (cm) 156.1±6.4 145-166 155.8±6.3 156.1±6.5 0.923

BMI 23.1±5.5 17-40 23.5±2.3 23.0±1.1 0.845

Primipara (%) 19/32 (59.4) 1/6（16.6） 12/26 (46.2) 0.185

Employed person (%) 24/32 (75.0) 0/6（0） 18/26 (69.2) 0.117

EPDS score 5.0±3.4 0-13

SD, standard deviation; EPDS, Edinburgh Postnatal Depression Scale; BMI, body mass index.

Figure 1: Comparison of heart rate variability (HRV) measures (Left: HFnu, Right: LF/HF) before and after viewing sea video. Gray bars rep-
resent the Low EPDS group and black bars represent the High EPDS group

Table 2: HRV parameters in baseline and sea video viewing

Variable Baseline Pleasurable stimulation by sea image video

All (n=32) EPDS>9
(n=6)

EPDS<9
(n=26)

p
value All (n=32） EPDS>9

(n=6)
EPDS<9
(n=26)

p
value

RRmean
(ms) 82.8±9.6 83.5±7.9 82.7±10.2 0.8514 82.8±8.6 84.7±6.5 82.3±9.1 0.5582

LF
(ms2) 382.6±222.0 361.0±173.6 387.5±234.4 0.7967 352.6±276.2 334.4±132.3 357.0±302.7 0.8374

HF
(ms2) 323.8±325.2 321.5±180.8 324.4±352.9 0.9848 438.5±507.6 460.3±433.0 446.7±101.6 0.8374

LF/HF 2.44±1.98 1.55±1.04 2.65±2.10 0.2262 1.87±1.63 1.15±0.96 1.90±01.60 0.2799

HFnu 40.6±20.0 46.3±18.0 39.3±20.6 0.4539 49.9±17.8 57.9±15.7 48.7±317.1 0.2423

CVRR 4.54±1.24 4.73±0.63 4.50±1.35 0.6875 4.62±1.26 4.59±0.57 4.49±1.32 0.8551

Student t-test was used for comparisons between pregnant women at high risk for depression (EPDS greater than 9) and those at low risk
(EPDS less than 9). EPDS: Edinburgh Postnatal Depresson Scale; RRmean: mean RR interval; LF: low frequency (0.04-0.15 Hz); HF: high fre-

quency (0.15-0.40 Hz); HFnu: Standardization HF (normalized unit); CVRR: RR interval coefficient of variation
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Effects of Sea Video Viewing on Brain Activity

Table  3  compares  the  brain  activity  indices  be-

tween baseline and sea video viewing in the high- and low-

depression  groups.  There  was  no  significant  difference  in

baseline  brain  activity  between  the  high-  and  low-EPDS

groups. However, brain activity in the left frontal lobe after

viewing  the  sea  video  was  significantly  lower  in  the  high

EPDS  group  (p<0.05).  A  significant  negative  correlation

was also found between brain activity in the left frontal lobe

and EPDS score (p<0.05) (Figure 2).

Comparing  the  changes  in  brain  activity  before

and  after  viewing  the  sea  video,  the  high-EPDS  group

showed a decreasing trend in left frontal lobe activity, while

the  low-EPDS  group  showed  a  significant  increase  (p  <

0.01) (Figure 3). In addition, the low-EPDS group had signif-

icantly  elevated  brain  activity  in  the  right  frontal  lobe

(p<0.05), with a trend of increase also observed in the high-

-EPDS  group,  although  at  a  lower  level  than  in  the  low

EPDS group (Figure 3). The effect size of change in brain ac-

tivity before and after video viewing was small for both the

left and right frontal lobes in the low-EPDS group, but larg-

er on the left side (d = 0.29 and d = 0.13, respectively).

Table 3: Brain activity measures at baseline and sea video viewing

Baseline Pleasurable stimulation by sea image video

All (n = 31) EPDS≧9
(n=5)

EPDS<9
(n=26) p value All (n=31) EPDS≧9

(n=5)
EPDS<9
(n=26) p value

L ave 0.09±0.34 -0.01±0.15 0.11±0.07 0.4715 0.17±0.39 -0.11±0.29 0.22±0.38 0.0829

L
max 0.42±0.40 0.35±0.49 0.44±0.39 0.6918 0.42±0.39 0.05±0.16 0.49±0.07 0.0182

R ave 0.14±0.60 -0.21±0.56 0.20±0.59 0.1594 0.21±0.61 -0.14±0.65 0.28±0.58 0.1549

R
max 0.41±0.65 0.08±0.44 0.48±0.67 0.2271 0.43±0.62 0.003±0.27 0.51±0.11 0.0950

L-R
ave -0.04±0.64 0.20±0.67 -0.09±0.64 0.3614 -0.05±0.64 0.04±0.28 -0.06±0.13 0.7540

L ave: average left frontal lobe brain activity; L max: maximum left frontal lobe brain activity; R ave: average left and right frontal lobe brain
activity; R max: maximum left and right frontal lobe brain activity; L-R ave: average difference in left and right frontal lobe brain activity

Figure 2: Association between the EPDS score and left frontal lobe brain activity. The amount of brain activity in the left frontal lobe by view-
ing sea images shows a negative correlation trend with the EPDS score
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There was a  shift  toward right  frontal  dominance

in the high-EPDS group and toward left frontal dominance

in the low-EPDS group after  viewing the sea video (Figure

3). These results suggest that left frontal lobe activity tends

to decrease in the high EPDS group with sea video viewing.

Figure 3: Comparison of brain activity measures before and after viewing the sea video. The graph shows the change in frontal lobe brain ac-
tivity between baseline and sea video viewing. The left panel shows left frontal lobe brain activity, the center panel shows right frontal lobe

brain activity, and the right panel shows the difference between the left and right frontal lobe activities

Discussion

The results of this study showed no significant dif-

ferences in HRV indices between high- and low-risk depres-

sion  among  primiparas  and  multiparas.  Sea  video  viewing

increased  HF,  indicating  parasympathetic  activity,  and  de-

creased  LF/HF  in  both  participants  at  low  risk  for  depres-

sion  and those  at  high  risk,  suggesting  a  relaxing  effect  on

pregnant women. Activity in the left frontal lobe, which con-

trols  positive  affect,  was  significantly  lower  in  participants

at high risk for depression than in those at low risk for de-

pression, as was activity in the right frontal lobe, which con-

trols negative affect. These findings suggest that participants

at  high  risk  for  depression  may  have  decreased  activity

throughout the frontal lobe and poor emotional expression.

Additionally, the EPDS score, indicating risk for depression,

was  negatively  correlated  with  activity  in  the  left  frontal

lobe,  possibly  due  to  weaker  expression  of  positive  emo-

tions.  Furthermore,  participants  at  higher  risk  for  depres-

sion tended to show decreased activity in the left  temporal

lobe, indicating positive affect, and relatively increased activ-

ity in the right frontal lobe, indicating negative affect,  after

viewing  the  sea  video.  Meanwhile,  participants  at  low  risk

for depression tended to show increased activity in the left

frontal  lobe  and relative  left  frontal  dominance  after  view-

ing the sea video. Thus, even for participants at high risk for

depression,  sea  video viewing may have  caused unpleasant

feelings, despite the relaxing effect on the ANS.

Although  there  have  been  many  reports  showing

reduced HRV, especially HF, in depression, there are few re-

ports on HRV in pregnant women, and the results are incon-

clusive.

In addition, ANS activity after pregnancy increas-

es  sympathetic  activity  in response to increased circulating

blood volume, making it difficult to evaluate general depres-

sion using  HRV.  In  this  study,  autonomic  function assess-

ment showed that HF was preserved even when the risk of

depression  was  high,  and  tended  to  be  lower  compared  to

participants at lower risk in terms of LF/HF.

Many  neurological  studies  on  general  depression

have reported decreased left frontal lobe potentials and left-

-right differences in frontal lobe potentials on EEG. The left

frontal  lobe  is  responsible  for  positive  emotions  and  the

right frontal lobe for negative emotions; the left frontal lobe

is  less  active in depression.  Although this  study used brain

activity rather than EEG, the results align with those of gen-

eral depression.

Past  studies  have  shown  that  natural  environ-

ments  and visual  images,  such as  the sea,  have relaxing ef-

fects  [29,30,39–42].  The  results  of  this  study demonstrated
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that sea video viewing had a relaxing effect on ANS activity,

even when the risk of depression was high, but it inhibited

positive emotions based on brain activity levels.

Early diagnosis and intervention for pregnant wo-

men  at  high  risk  of  mood  depression  may  be  necessary  to

prevent perinatal depression. However, viewing relaxing im-

ages may not be effective.

The results of this study suggest that ANS activity

at rest alone is not associated with EPDS, but brain activity

levels could be used to evaluate the response to stimuli like

natural sea images, which are believed to have a relaxing ef-

fect, by examining these conditions.

Limitations

The  limitations  of  this  study  include  the  small

number of participants, as it was a pilot study aimed at early

diagnosis and intervention of perinatal depression. Additio-

nally, the study only used sea images as a comfortable stimu-

lus and had a stimulus duration of 5 minutes.

Another limitation of this study is that the partici-

pants were limited to early pregnancy, with only one of the

32 having an EPDS cutoff value of 13 or higher at the time

of pregnancy. Given that ANS activity during pregnancy dif-

fers significantly from that during non-pregnancy, it is chal-

lenging to use evidence from general depression as a refer-

ence. Thus, further data accumulation is necessary in the fu-

ture.

Conclusions

There  was  no  difference  in  the  HRV  index  be-

tween  pregnant  women  at  high  risk  for  depression  and

healthy pregnant women. While sea video viewing has been

proven to have a relaxing effect on many pregnant women,

it stimulated negative emotions in those at high risk for de-

pression.  Assessing  changes  in  emotional  responses  from

the viewing of nature videos, typically regarded for their re-

laxing effects, may help diagnose perinatal depression.
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