Original Article

Impact of Visual Imagery of Coloured Rose Flower on Heart Rate Variability
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Background: Viewing of visual imagery of forest or nature is known for producing physiological and
psychological relaxation of mind and body. Nature surroundings are colourful and vary from green of
plants, blue of water and red, orange, yellow and violet of flowers. These coloured imageries also known to
affect our emotion; may lead to joy, sorrow, happiness grief etc. Heart Rate Variability (HRV) indexes
through vagal activity the autonomic responses and thereby affects our emotions and behavioural outcome.
This study is planned to assess the colour effects of visual imagery of coloured rose flowers on HRV in
males and females for red, blue, green, indigo, yellow, orange and violet colours.

Methodology: The Heart Rate Variability analysis was conducted on Power Lab AD Instruments,
Australia in thirty healthy individuals (15 males and 15 females), aged between 20 to 40 years

Results: We observed variation in autonomic response to different colours in males and females on Heart
Rate Variability assessment. There was augmentation of sympathetic drive on viewing of red, orange and
violet colour roses in males and that of blue and violet colours in females. The visual imagery of blue,
green, indigo and yellow coloured roses in males and red, green, indigo, yellow and orange coloured in
females produced a parasympathetic influence on Heart Rate Variability.

Conclusion: Colours affects HRV and thereby can influence our emotional and behavioural responses in
our daily life. Adapting to coloured surrounding of choice at workplace and at home may influence our
work output and productivity as well produce physical and mental wellbeing.
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Introduction

Viewing of visual imagery stimulates the activity
of our autonomic nervous system as well as Central
Nervous System. Viewing of imagery of nature,
forest and roses have been shown to produce
physiological and psychological relaxation."
Mental imagery are also found to be motivational.
*Nature composes of skies, plants, rivers,
mountains, birds and animal and not only they are
beautiful but are colourful too. Colours influence
our emotions and behaviours and may produce
feelings of joy, sorrow, grief, happiness etc.'The

Aceess this article online

Quick Response Code:

:
Ohz10)]
el

Website:
www.nigerianmedjournal.org

colours in nature are numerous and beautiful and
vary from green of that of plants, to blue of skies
and red, purple, orange and yellow colours of
flowers. These colours not only beautify the
environment but also have soothing effect over
human's physical health and mental wellbeing. The
colours influences human health and may lead to

This is an open access journal, and articles are distributed under the
terms of the Creative Commons Attribution-Non Commercial-Share
Alike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercilly, as long as appropriate credit is given and the
new creations are licensed under the identical terms.

213

Nigerian Medical Journal | Volume 63 | Issue 3 | May - June 2022




John NA, et al - Impact of Visual Imagery on Heart Rate Variability

elation of emotions and mood stability or may
produce anxiety, uneasiness and behavioural
aggressiveness depending on colour type“'The
photoelectric energy produce by various colours
stimulates the functioning of the pituitary gland and
hypothalamus; thereby regulating the hormonal
mechanism and helping in coping with emotional
stress.” * The colour effects are exhibited through
cones visual functional efficacy as well as the
patency of the retino-hypothalamic tract which
traverse from the retinaand relays to the
hypothalamus, thus linking vision and colour
perception with the autonomic nervous system. The
autonomic nervous system response to colour may
either be parasympathetic or sympathetic; as
observed in research studies which opined that the
red colour enhances sympathetic activity; blue
colour enhances parasympathetic activity, while
green mediates autonomic effects varying between
sympathetic and parasympathetic.”

The heart rate variability indexes through vagal
activity, the activity of the prefrontal cortex which is
integrated within the brainstem nuclei and thus
influences emotion, mental state of mind and
cognition. Colours may have a varied impact on our
physiological and psychological health and that
may also differ along sexes."”

Though many studies have been conducted in study
of coloured light on HRV, but there is paucity of data
of colour effects of visual imagery of the primary
(red, blue, green) and complimentary colours
(yellow, orange, indigo and violet)on autonomic
responses such as heart rate variability in males and
females. Moreover the effects of impact of visual
coloured imagery and coloured lights are different
as colour perception and visual impact vary in above
two conditions. These facts gave us an impetus to
explore the effects of viewing rose imagery having
red, blue, green colours (primary colours) and
indigo, yellow, orange and violet colours
(complimentary colours) on heart rate variability.
Our Proposed research work shall be novelty as it
will be exploring coloured visual imagery impact
rather than effect of coloured light effects.

Material and Methods
The present research work was conducted in
department of Physiology, Dr Ram Manohar Lohia

Institute of Medical Sciences, Lucknow, India after
approval of the Institutional Research Committee
and Institutional Ethical Committee. Thirty healthy
individuals (15 males and 15 females), aged
between 20 to 40 years were recruited in our study.
These individuals selected in our research protocol
were healthy, non-smoker, non-alcoholic, and were
not on any drug or therapy. The participants were
informed about the aims, procedure and scope of our
research work. A written consent was obtained from
all the participants. The Heart Rate Variability
analysis was conducted on Power Lab AD
Instruments, Australia.”

Procedure Protocol for Recording Observation: The
participants were comfortably seated in relaxed
position in the autonomic lab of the department. The
room temperature was maintained at 24 degree
Celsius and room illumination was 50 lux. The
participants were made to relax for 10 (ten) minutes
and thereafter HRV was recorded. The flowers
imagery for visual stimulation was displayed on a
liquid crystal display computer screen of 24 inches
and it had 3840 x 2160 pixel resolutions (Lenovo
Company Computer).”” The HRV was a continuous
recording for about five minutes duration for every
stimulus as detailed below.

The individual was asked to occupy the examination
couch and relax. The leads and electrodes were
properly placed on chest of participants for HRV
recording. Then after sixty seconds (rest period) the
resting state HRV was recorded for a minute as part
of five minutes HRV recording. This was followed
by HRV recording on exposure of individual to red
coloured rose flowers for 90 seconds, further
followed by again resting state HRV recording with
closed eyes for 60 seconds "Successively, following
the same protocol HRV was recorded for exposure
to blue, green, indigo, orange, yellow and violet
colorsflower imagery on display.

The change (variation) of heart rate during short
term (5 minutes) was analysed with the method of
frequency domain to provide the degree of balance
and activity of autonomic nervous system. The SA-
3000P Software was employed for conducting the
measurement and physiological interpretation of
bio-signal processing algorithms as recommended
by 'The European Society of Cardiology and The
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North American Society of Pacing and
Electrophysiology 1996"." The HRV analysis was
assessed by noting the cardiac autonomic
modulation which was quantified using frequency
domain analysis.” "The HRV analysis in the
frequency domain were recorded for low frequency
(LF: 0.04-0.15Hz) and high frequency (HF:
0.15-0.40 Hz) spectral components and
measurements were reported in ms”. The spectral
analysis was calculated using the Fast Fourier
Transform algorithm. The changes in values of LF/
HF (Low Frequency / High Frequency) and LF / HF
ration every 30s were noted during 90s of
stimulation to respective stimuli and Total Power
(TP) were calculated. (Note: The LF band represents
the modulation of vagal and sympathetic tone by
baroreflex activity. HF power represents vagal
modulation of heart rate while the ratio of LF to HF
power (LF/HF ratio) represents the sympatho-vagal
balance. Total power is the sum of the energy in the
VLF, LF, and HF bands for short-term recordings.)

1.1

All data were calculated from differences from
average of 30 seconds rest period. The mean values
of heart rate variability parameters over the 90
seconds stimulation were analysed using ANOVA
for comparison among the various stimuli. The P
value less than 0.05 was considered to be
statistically significant. Post Hoc analysis was
carried out to find out the significance difference
amongst mean value of Heart Rate Variability for
various colours in individual sexes.

Results

Table 2: Post-hoc analysis of all color groups in
males showing comparison between the color
groups (p-value)

LF HF YLF LF/HF Total Power

Red Vs Blue: a 0.1381 007313 0.03269 0001176 0.5940
Red Vs Green: b 0.9851 04903 0.5396 0.01145 03303
Red Vs Indigo: ¢ 0.07576 0.1572 0.1101 0.02210 0.6622
Red Vs Yellow: d 04022 0.6245 08308 0.007538 03815
Red Vs Orange: e 0.6642 07719 04912 0.04381 0.08224
Red Vs Violet: [ 0.5767 0.7190 0.2481 0.1757 0.6212
Blue Vs Green: g 01429 0.1672 0007127 04102 0.1355
Blue Vs Indigo: h | 0.7589 0.5120 0.5678 0.2780 09231
Blue Vs Yellow: i 0.5094 0.1151 0.04987 0.5068 0.7301
Blue Vs Orange: j 0.2887 0.07745 0003827 0000001403 0.2207
Blue Vs Violet: k 0.3480 0.01787 0.001550 0.04196 0.9688
Green Vs Indigo: 1 | 007872 04608 0.02963 0.7906 0.1616
Green Vs Yellow: m | 04127 0.8398 04238 08719 006851

Green Vs Orange: n | 04778 0.6881 0.9397 0.00002369 0.008367
Green Vs Violet: o 0.5894 02960 05832 02126 0.1456
Indigo Vs Yellow: p | 03354 0.3487 0.1564 0.6698 0.6590
Indigo Vs Orange: q | 01738 02572 002432 0.00003689 01873
Indigo Vs Violet: r 02153 007860 0.007569 03237 09542
Yellow Vs Orange: s | 06846 0.8418 03818 0.00001380 03754
Yellow Vs Violet: t 0.7781 0.3973 01809 0.1607 07010
Orange Vs Viglet: u | 0.9003 05166 06359 0.001244 0.2067

Table 3: Effect of red, blue, green, indigo, orange,
yellow and violet colors on Heart Rate Variability in
Females

HRY Red Blue Green Indiga Yellow | Orange | Violet ANOYA Past

indiees Colour | Colour Colour colour Colour | Codonr | Colour Hoe

Low 14560 374835 30178 1139 156375 | 3160325 | 435525 | O.OBEIOR | kL

frequency e S % ] £ 3 H] kom0,

(%) 2875 | 15061 ITA043T | JORSIOT | BABEA44 | 20193088 | am25M L5

High 416575 | 49915 hEREY 44,178 SIROS | 510423 D &3R675 | 0019TH | ghn

frequency | = + + + + + +

(%} 19T | 3T 1507245 1702636 | 2058083 | 2730200 1 210364

VeryLaw | 333125 | 11863 9.2663 31.8775 JL35T5 | 126881 0 1153525 L OMSETRY faelg

Power % % S % & 3 +

frequency | 1520633 | ILEGTE3  I3BASIT | 198ITSI 143465 | 9508808 | 1276321

(%) b

LEMFratio | 0778433 | LAITTL 0748475 | 03338 | ORMIS | 0S40 | 1RI2TZE L ONON00000 | g d-,
£ 3 + E3 + E £ 073374 | mer
0528081 | L3977 0429034 | 04M3E | LO2I2RO | LOG2SET L7477

Total Power | 7195057 | 1433195 T28RI25 | DI2RGIE | BDTUGOR | 2ORTE 0 3MMAE | ODMIERS | acfp

(ms') : : + 2 + + + k.o
38612 | 607912 SIBAISE | TTeA0R | TRATAIT | 1ISEET ) 11beTeR

Table 4: Post-hoc analysis of all color groups in

Table 1: Effect of red, blue, green, indigo, orange, females showing comparison between the color
yellow and violet colors on Heart Rate Variability in ~ groups (p-value)
Males LF HF | VLF LF/HF Total Power |
: : . : - Red Vs Blue: a GOIT30_ | 02043 001714 0000004613 | 0.00065T1 |
HRY Red | Bluc | Green | Indigo | Yellow | Orunge | Vielt | ANO | Post ! 2 !
| indices Colour Colour Colour colour Colour Coloar | Colonr VA Hoc Red Vs Green: b 0.2996 0.1807 0.06310 04469 0.9404 ]
- : Red Vs Indigo: ¢ 05311 03663 | 03763 04739 037
TLow | 35845 | 41835 | 3298913 | 3677125 | 2046615 | 3643375 | 327613 | 0477 | NS Red Vs Yellow: d 1716 08162 1.08261 001900 03030
| frequency [ + = : 3 s | 166 Red Vs Orange: e 005550 | 04151 0.001954 0.01722 00180
(e} 2312067 1536174 | 2300359 | 1403012 | 1839109 | 2054233 | 1985702 Red Vs Violet: 11,3056 [1L.8820 003252 000006419 0.02703 i
— - . . Blue Vs Green: g 01610 | 000123 0.5776 0000000319 (KT
;r“‘:ﬁ"‘“ S Bl A Il Bl Rl Bl el B Blue V's Indigo: b 5003330 | 003311 06335 1. 000000374 [
L) | 2569558 | 1455444 | 2028648 | 1740502 | 224901 | 237456 | 28340 Blne Vs Yellow: § 0000362 | 0.1352 0.4927 0.008293 03388 |
| Blue Vs Orange: | 06142 06434 04120 0.009211 002160
" Very | 170775 | 1507213 | 224205 | 15036 | 2411775 | 2289923 | 290605 | 0013 | g L Blue Vs Violet: k 0001047 | 0,576 0.7964 04335 0017
CLowfrequ | & = £ * + i = | G5 gr Green Vs Indigo: | 009999 | 0.6565 01,1856 0.9641 0048
Cency(%) | ISASTS6 | 01STIT | 2081838 | 186076 | 1753675 | 222721 | 2533797 Creen Ve Vellors on w0t T 62660 YT T005T YT
— ! - . Green Vs Orange: n 03633 | 0.03453 01719 0.002263 0.0M810
TR | TS |0 | TOSIRS | 06 | G9S5TRS | ZTTE | TATS3 | GO0 = oo Ve Vidlers YIS TR T ST BT 7T D HI00058 B 5076
| 20168705 | 0787978 | 0986776 | 1060733 | 0044416 | 3538124 | 1389623 | 0073 | su Indigo Vs Yellow: p 0.4520 0.5006 0.2312 0002879 0.9503 |
| 857 Indigo Vs Orange: g 001273 | 008980 | 0.009037 0.002570 [
: Indigo Vs Vilet: r 06871 02491 0.1069 LON0N0SRIY [
" otal | 108409 | 1132413 | 1074025 | 12151 | 12078 | 139k725 | 136445 | 0223 Indign 1§ Violet:
| Power P . . . 2 P P ! Yellow Vs Orange: s 0001640 | 02965 01358 09578 [N
L msh BS35 | 9869491 | 65389 | 961.3494 | 1084155 | 13814 | 9765051 Yellow Vs Violet: t 0.7255 09330 0.6676 105448 0219 H
i Orange Vs Violet: u 0004407 | 03364 0.2827 005940 08658
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Figure 1: HRV analysis in the frequency domain of
low frequency spectral component for red, blue,
green, Indigo, yellow, orange, violet colors in males
and females.
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Figure 2: HRV analysis in the frequency domain of
high frequency spectral component for red, blue,
green, Indigo, yellow, orange, violet colors in males
and females.
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Figure 3: HRV analysis in the frequency domain of
very low frequency spectral component for red,
blue, green, Indigo, yellow, orange, violet colors in
males and females.

LF/ HF ratio

e Ferniales
i~ Males

Red Blue Green Indigo Wellow Crange Vielet

Figure 4: LF/HF Ration forred, blue, green, Indigo,
yellow, orange, violet colors in males and females.
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Figure 5: Total Power of HRV of red, blue, green,
Indigo, yellow, orange, violet colors in males and
females.

Discussion

We analyzed the effect of viewing of visual imagery
of roses on HRV. The other studies conducted on
viewing of forest imagery or roses found a
significant reduction in concentration of oxy-Hb in
the right prefrontal cortex and opine that visual
imagery promotes perceptions of feeling
“comfortable,” “relaxed,” and “natural.”’”
“Research evidences also proved that imagery
reduces blood pressure, and strengthen immune
response as well as allay anxiety and depression. "
Colours influence our physical and psychological
health and these effects are mediated via the
autonomic responses” The known warm colours
are red, orange, indigo and yellow and they evoke
emotional responses which vary from feelings of
warmth, comfort, joy and energetic to
aggressiveness and revengeful attitude. The cool
colours include blue, violet, green and purple
colours and their effects induces calmness and
relaxed state of mind but may also evoke feelings of
sorrow, uneasiness and grieved state.

In our study the healthy participant males and
females were exposed to flower imagery of red,
blue, green, indigo, yellow, orange and violet
colours and their sympatho-vagal responses were by
heart rate variability analysis of LF, HF, LF/HF ratio
and Total Power. There HRV analysis of LF, HF,
LF/HF ratio revealed increased sympathetic drive
on exposure to red, orange and violet colours in
males and that of blue and violet colours in females.
Our findings were in concurrence with those of
Aseel AL-Ayash et al'* and Abbas N etal"” for red and
blue colour in males while contrary for blue colours
in females. In a study conducted by Aseel AL-Ayash
et al, the six colours which included vivid red, vivid
blue, vivid yellow, pale red, pale blue and pale
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yellow were analyzed for their impact on
performance, heart rate and emotion of students. It
was observed that students were relaxed in pale
coloured environment than vivid colour. There was
increase in heart rate with red and yellow colour
while blue colour produced relaxation and calmness
of mind."” Similarly Abbas N et al in their study
assessed the impact of colours and light on
physiological states and found an increase in heart
rate after exposure to red while with blue colour,
there was found to be calming and decrease in heart
rate.

As we searched the literature to analyze effect of
colours in red spectrum of light wave length such as
yellow, orange on HRV, we found that our findings
for yellow and orange colours was in concurrence
with those of S. Sakakibara et al” and Choi CJ et
al"in males but contrary in females for red and red
spectrum of light as their study opined that the red
colour and colours in red spectrum of light wave
length such as yellow, orange or reddish orange
exerts a sympathetic stimulation effects as they
experimentally are proven to simulate the posterior
hypothalamus.*"”

The LF / HF ratio for colours blue, green, indigo and
yellow in males and red, green, indigo, yellow and
orange in females in our study reflected a
parasympathetic influence on Heart Rate
Variability. It was found that the blue colour
enhances the parasympathetic response in males
while blue and violet colour enhances sympathetic
response in females. The findings in reference to
blue colour were controversial in various studies.
The few studies opined that the blue colour stimuli
or with bluish spectrum of colour such as
blue/green, blue and violet produce sleep, produce
drowsy state or enhances digestive
process.”*"“While studies by Prathiba Modi et
all”could not infer any conclusive result on
exposure to blue light. The sympathetic influence of
blue and violet colour in females can be attributed to
suppression of vagal balance by blue light and these
findings are in concurrence with Yuda E et al” Lehrl
Setal’ and Sahinetal *.

Our findings about parasympathetic response of
green colour in males and female is in concurrence
with studies of Hurbelt A eta al ** Briki et al” and

Briki and Hue™ as green colour enhances positive
affective and cognitive outcomes (like joy, self
esteem and motivation) and reduces negative
outcome (mood disturbances and anxiety).

There is paucity of data for influence of indigo and
violet colour on autonomic functions. But our study
reveals parasympathetic response of indigo colour
and this may be attributed to the fact that indigo
colour has a wavelength between 445 and 464 nm
and as observed in other studies that colour of
shorter wavelength exert parasympathetic
influence.

We observed variation in autonomic response to
different colours in males and females on Heart Rate
Variability assessment. Similarly the research
conducted by Marco Costa et al in four hundred
and forty-three participants who were assessed for
colour preference (hue and lightness) of the building
interior, lightness preference, and the effects of
colour on mood behaviour; it was observed that
participants had preference for blue interiors,
followed by green, violet, orange, yellow, and red.
There were gender differences for the preference of
blue and violet colours. Moreover the participants
preference and mood elation effects was more for
cool colours (blue, violet, and green) then warm
colours (yellow, orange, and red). Similarly colour
effect on heart rate variability in our study can be
linked to the ecological valence theory pertaining to
the positive health effects of colours and the
individual's perception and preferences as pointed
by Marco Costaetal.”

The newness of our study was that we compared the
impact of coloured visual imagery (all seven
primary and complimentary colours) on HRV while
other studies mostly conducted effect of light or
coloured light on HRV. Moreover the effects of
colour imagery on HRV in males and females have
not yet been discussed in literature considering all
the seven colours. A detail understanding of the
effect difference of colours and coloured light effect
on HRV needs to be explored as the principle of
colour perception varies in both situations. The
colour of an object (that is flower imagery colour in
our study) is determined by its surface, transmission
and emission properties and all of them contribute
towards the generated wavelengths in the light
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leaving the surface of the imagery and perception of
the observer. Lighting spectrum and viewing angle
are other factors influencing the final appreciation
of colours while the impact of coloured light on
HRYV; 1is influenced by the coloured light
wavelength.

The limitations of our pilot study was the small
sample size and we recommend that further studies
with larger sample size should be conducted to see
the impact of coloured imagery on health and
diseased. These studies can help in giving deeper
insight for understanding physiological impact of
colours. Moreover, painting and decorating our
surrounding with flowers and objects at home with
colours which have positive effects on our physical
and psychological health can be practiced for
healthy living. Wearing clothes matching our
choices as well as one which influences our
emotions to make us feel happy and calm can be
helpful in achieving physical and mental wellbeing.

Conclusion

Colours play a significant role in human perception
and behaviour and are reflected by variation in both
sympathetic or parasympathetic autonomic
responses. The beneficial effects of
parasympathetic outcome on human health are well
documented. The increased risk of hypertension,
cardiovascular and anxiety disorders occurs with
enhanced sympathetic activity. Thus it is advocated
that appropriate use of colours for clothing, painting
and decorating of home and the workplace could
have positive motivational effects over mood,
emotion and behaviour.
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