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Abstract The changes in regional facial skin blood flow
and vascular conductance have been assessed for the first
time with noninvasive two-dimensional laser speckle
flowmetry during audiovisually elicited emotional chal-
lenges for 2 min (comedy, landscape, and horror movie) in
12 subjects. Limb skin blood flow and vascular conduc-
tance and systemic cardiovascular variables were simulta-
neously measured. The extents of pleasantness and
consciousness for each emotional stimulus were estimated
by the subjective rating from —5 (the most unpleasant; the
most unconscious) to +5 (the most pleasant; the most
conscious). Facial skin blood flow and vascular conduc-
tance, especially in the lips, decreased during viewing of
comedy and horror movies, whereas they did not change
during viewing of a landscape movie. The decreases in
facial skin blood flow and vascular conductance were the
greatest with the comedy movie. The changes in lip, cheek,
and chin skin blood flow negatively correlated (P < 0.05)
with the subjective ratings of pleasantness and conscious-
ness. The changes in lip skin vascular conductance nega-
tively correlated (P < 0.05) with the subjective rating of
pleasantness, while the changes in infraorbital, subnasal,
and chin skin vascular conductance negatively correlated
(P < 0.05) with the subjective rating of consciousness.
However, none of the changes in limb skin blood flow and
vascular conductance and systemic hemodynamics corre-
lated with the subjective ratings. The mental arithmetic
task did not alter facial and limb skin blood flows, although
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the task influenced systemic cardiovascular variables.
These findings suggest that the more emotional status
becomes pleasant or conscious, the more neurally mediated
vasoconstriction may occur in facial skin blood vessels.

Keywords Emotional challenges - Two-dimensional laser
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Introduction

To quantitatively estimate an emotional or mood status in
terms of the changes in physiological variables remains to
be studied. Fear-induced stress increased heart rate (HR),
arterial blood pressure (AP), and limb skeletal muscle
blood flow, while limb cutaneous blood flow and surface
temperature were decreased [1-6]. Exposure to emotion-
ally charged images, however, did not accompany such
systemic cardiovascular responses and limb cutaneous
vasoconstriction [7]. Although skin sympathetic nerve
activity recorded from the common peroneal nerve
increased during the emotional stimulation, the responses
in the skin sympathetic nerve activity could not distinguish
positively and negatively charged emotional conditions
[7, 8]. Thus, systemic cardiovascular variables and limb
skin sympathetic nerve activity and blood flow may not be
sufficiently sensitive as a physiological estimate for an
emotional or mood status.

Facial cutaneous blood vessels are richly innervated by
both sympathetic and parasympathetic nerves [9, 10]. The
facial parasympathetic nerve may have a vasodilator
function, because electrical stimulation of the chorda
tympani and lingual nerves caused an increase in feline lip
skin blood flow [11] and a vasodilator response in the
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forehead during gustatory intake of chilies was impaired by
a lesion of the facial parasympathetic nerve in humans
[12, 13]. On the other hand, thermoregulatory intervention
revealed that vasomotor function of the facial sympathetic
nerve is more complex than that of the parasympathetic
nerve. Cutaneous vasodilatation occurred in all facial
regions during body heating, while cutaneous vasocon-
striction appeared only in the nose region during body
cooling [12, 14]. A unilateral lesion in the facial sympa-
thetic pathway diminished the vasodilator response to the
thermoregulatory intervention [12]. Thus, the facial sym-
pathetic nerve may have not only vasoconstrictor but also
vasodilator functions [9, 12, 14, 15]. A neurally mediated
increase in facial skin blood flow may be caused by acti-
vation of parasympathetic and sympathetic vasodilator
nerves and partly by withdrawal of sympathetic vasocon-
strictor activity. On the other hand, a decrease in facial skin
blood flow may be due to activation of the sympathetic
vasoconstrictor nerve.

The effects of emotional interventions on facial skin
blood flow remain little known, although it is empirically
known that anger or embarrassment evokes not only facial
expression but also flushing. Emotional expression of anger
or embarrassment accompanied an increase in forehead
skin blood flow, which was diminished by a unilateral
lesion in the sympathetic pathway to the face [12, 16, 17].
However, Hayashi et al. [6] reported that fear-induced
mental stress by viewing a horror movie did not change
forehead skin blood flow and vascular resistance. The
discrepant responses in forehead skin blood flow to the
negatively charged emotional stimulation may be partly
explained by a difference in the type and/or strength of the
emotional interventions.

Differently from the variant response in forehead skin
blood flow, skin blood flow in the remaining facial regions
may exhibit a more consistent response to an emotional
intervention, because a substantial difference in the chan-
ges of regional facial skin blood flows during nociceptive
tooth stimulation was noticed [18]. Therefore, we hypoth-
esized that a negatively charged emotional stimulus may
increase facial skin blood flows except for the forehead
region, whereas a positively charged emotional stimulus
may decrease facial skin blood flow as opposed to nega-
tively charged emotional stimulus. To our knowledge, the
effects of emotionally charged stimulation on regional
facial blood flows have never been studied. Furthermore,
we supposed that facial skin blood flow is a more sensitive
physiological variable for reflecting an emotional or mood
status in physiological and pathophysiological conditions.
A mental arithmetic task, which is used as a stress test,
usually influences the cardiovascular variables. Nordin [19]
reported using microneurography that an arousal stimulus
or mental stress caused an increase in skin sympathetic
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nerve activity of the supraorbital nerve, which was fol-
lowed by a cutaneous vasodilator response in the forehead.
However, assuming that mental stress may not always
cause emotional changes such as a pleasantness-unpleas-
antness axis, it is expected that skin blood flow in other
facial regions may not respond to a mental arithmetic task.
The present study aimed (1) to examine noninvasively the
effects of audiovisually elicited emotional challenges on
regional skin blood flows in the face, using two-dimen-
sional laser speckle flowmetry, (2) to determine which of
the changes in facial and limb skin blood flows and sys-
temic cardiovascular variables had the most significant
correlation with the subjective ratings of pleasantness and
consciousness, and (3) to examine whether mental stress
was able to change facial skin blood flows without
accompanying emotional changes. A preliminary part of
this work has been reported [20].

Methods
Subjects

Twelve healthy volunteers (7 males and 5 females; age,
22 £ 0.3 years; height, 161 =3 cm; body weight,
56 £ 2 kg) participated in the present study. None of the
subjects suffered from any known cardiovascular and
neuromuscular diseases, and they did not take any medi-
cations. The experimental procedures and protocols were
performed in accordance with the Declaration of Helsinki
and approved by the Institutional Ethical Committee of
Hiroshima University (permit no. 1425). The subjects gave
their informed written consent prior to the experiments. All
experiments were performed in a thermoneutral and
soundproof environment (room temperature, 25 & 0.4 °C;
relative humidity, 55 + 2%).

Measurements of facial and limb skin blood flows

Regional facial skin blood flows were monitored in all 12
subjects over the lower part of the face using a two-di-
mensional laser speckle flowmeter with a line-sensing
image device (LFG-1, Softcare Co., Fukuoka, Japan) as
shown in Fig. 1. An area of 200 x 200 mm including the
face was scanned at 200 x 200 pixels over a time period of
12 s; the spatial resolution was therefore 1 mm. The time
difference between the first and last line images was
~ 12 s. Limb skin blood flow was monitored in 67 out of
the 12 subjects with a laser Doppler flowmetry instrument
(ALF21, ADVANCE Co., Tokyo, Japan), whose probe was
placed on the right forearm and on the dorsum of the right
hand. The analog voltage signals of the Doppler blood
flows were time-averaged with a time constant of 0.1 s.
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Fig. 1 a The experimental (A) Facial skin blood flow
setup. b An example of two- (two-dimensional laser speckle flowmetry)
dimensional laser speckle
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Cardiovascular recordings

The cardiovascular responses during exposures to emo-
tionally charged movies were examined in 9 out of the 12
subjects. A pair of electrodes (Magnerode, TE-18M-3,
Fukuda Denshi, Tokyo, Japan) and a ground electrode were
attached on the chest to measure the electrocardiogram
(ECG). The ECG signal and respiratory movement were
monitored with a telemetry system (DynaScope DS-3140,
Fukuda Denshi, Tokyo, Japan). AP was noninvasively and
continuously measured with a Finometer (Finapres Medical
Systems BV, Arnhem, The Netherlands) with the cuff
attached to the left middle or index finger. The AP wave-
form was sampled at a frequency of 200 Hz. The beat-to-
beat values of mean AP (MAP), HR, cardiac output (CO),
stroke volume (SV), and total peripheral resistance (TPR)
were calculated from the aortic pressure waveform using
Modelflow software (BeatScope 1.1, Finapres Medical
Systems BV, Arnhem, The Netherlands).

Left infraorbital
Right infraorbital
Subnasal

Left cheek

Right cheek

Experimental protocols

Audiovisual stimulation by emotionally charged movies
was given to all 12 subjects using the eyeglass type of
head-mount goggle display (HMZ-T3, Sony Co., Tokyo,
Japan) with a headphone, which was controlled by a
computer (Fig. 1). The three kinds of movies were selected
as emotionally charged stimulation: a comical movie
(called “Manzai”) performed by two Japanese comedians,
a Japanese horror movie (titled “The Juon” Japanese ver-
sion Toho, Japan 2000), and a night landscape movie. It
was expected that the comical movie might charge the
most pleasant feeling, while the horror movie might charge
the most unpleasant one, and the landscape movie might be
neutral. Each of the emotionally charged interventions
(comedy, landscape, and horror) consisted of three con-
secutive bouts involving different scenes captured from an
individual movie. The cardiovascular and skin blood flow
data were sampled at each bout, which contained the
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periods before (for 1 min), during (for 2 min), and after
movie stimulation (for 1 min). At the prestimulation per-
iod, the subjects watched a small white circle on a black
background in the goggles. The data over the 36-s period
before the onset of emotional stimulation were regarded as
the baseline control. A time interval between bouts in a
given emotional intervention was 4 + 0.2 min. Immedi-
ately after the cessation of each bout, questions about the
subjective ratings of pleasantness and consciousness were
asked. The transit time interval between emotional inter-
ventions (for example, from comedy to landscape) was
5 + 0.5 min. The order of the three movie interventions
was randomized. On a separate day, a mental arithmetic
test was conducted in 6 of the 12 subjects. The subjects
were asked to sequentially subtract 7 from a given three-
digit number for a period of 120 s. The data over the 36-s
period before a mental arithmetic test were regarded as the
baseline control.

Any skin movement due to possible facial expressions
(such as smiling and laughing, etc.) during emotional
challenges caused an artifact in the laser speckle flow
measurement. Therefore, we asked the subjects not to
evoke any facial movement during emotional challenges as
much as possible. Whenever such facial movement
occurred during a trial of the emotional challenges, we
could easily notice a big artifact on the laser speckle flow
image and remove the data acquired. Thus, the present data
collection involved no artifacts due to facial expressions
during the emotional challenges. As time control without
any emotional stimulation, the baseline changes in facial
skin blood flows were measured in five subjects, according
to the same experimental protocols. Facial skin blood flows
did not change significantly throughout the time control
experiments.

Subjective ratings of feelings stimulated
during emotionally charged movies

Questions about the subjective feelings of pleasantness and
consciousness were asked immediately after each bout of
the emotionally charged stimulation, according to previous
studies [21-26]. Pleasantness was rated with 11 grades
from “the most pleasant” (+5) to “the most unpleasant”
(—5). Consciousness was also rated with 11 grades from
“the most conscious” (+5) to “the most unconscious”
(—5). We explained to the subjects that “the most con-
scious” means the most awake condition being fully aware
of the situation, while “the most unconscious” means the
drowsiest or sleepiest condition being fully unaware of the
situation. The assessment tables were displayed in the
goggles, and the ratings were determined according to the
feelings by individual subjects. Since consciousness gen-
erally imposes a strong influence on the autonomic nervous
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system, we assessed the rating of consciousness as well as
pleasantness.

Immediately after completing the three consecutive
bouts of each emotionally charged movie, we asked the
subjects to estimate the more detailed subjective feelings
(tension-anxiety, depression-dejection, anger-hostility,
vigor, fatigue, and confusion) for the movie type (comedy,
landscape, and horror) based on the responses to a total of
36 questionnaires by a modified Japanese version of the
profile of mood states (POMS) [27-32]. The subjects
answered each question on the questionnaire with five
grades from “not at all” (0) to “the most adequate” (4).

Data and statistical analyses

The data on limb skin blood flows and systemic cardio-
vascular variables were stored to a computer at a sampling
frequency of 1 kHz (PowerLab 16/35, ADInstruments-Ja-
pan, Nagoya, Japan) for off-line analysis. The two-di-
mensional facial speckle flowmetry images were acquired
every 12 s, and regional facial skin blood flows were
sequentially obtained from seven different facial regions
(right and left infraorbital, subnasal, lips, right and left
cheeks, and chin) throughout the experiments, as shown in
Fig. 1. The original data on facial and limb skin blood
flows are expressed as arbitrary units (AU) throughout the
text and figures. The zero value of the AU indicated the
absolute zero level of skin blood flow. The data on limb
skin blood flows and systemic cardiovascular variables
during the three consecutive bouts of each emotionally
charged movie were combined with the facial skin blood
flow data every 12 s. The mean value of each variable
obtained over the three consecutive bouts was defined as
the response during exposure to a type of emotionally
charged movie. With respect to infraorbital and cheek skin
blood flows, the bilateral blood flow data were combined
together (as shown in Fig. 5), because the time course and
magnitude of the responses were similar on both sides. The
individual mean values during a type of emotional chal-
lenge were further averaged among the subjects.

The systemic cardiovascular changes during an emo-
tional challenge were analyzed by a one-way ANOVA with
repeated measures and a Dunnett post hoc test. Cutaneous
vascular conductance was calculated as a ratio between
skin blood flow and MAP. Then, the values of skin blood
flow and vascular conductance were transformed into the
relative %changes against the pre-intervention 100% val-
ues for every subject. The %responses in facial and limb
skin blood flow and vascular conductance during emotional
interventions were analyzed by a two-way ANOVA with
repeated measures (main effects of time and movie type)
and a Holm-Sidak post hoc test to examine whether the
9%changes during and after emotional interventions were
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different compared to the pre-intervention control period
and among movie types. The subjective ratings of pleas-
antness and consciousness and the POMS scores were
compared among emotionally charged movies by a Fried-
man signed rank test with a Tukey post hoc test. The
relationships between the subjective rating of pleasantness
or consciousness and the %changes in facial and limb skin
blood flows or the cardiovascular responses were assessed
by a Spearman rank correlation method. Furthermore, the
correlation between the extents of pleasantness and con-
sciousness was also analyzed by Spearman’s rank method.
A level of statistical significance was defined at P < 0.05
in all cases. All statistical analyses were performed using
SigmaPlot®, version 12.5 (Systat Software, San Jose, CA).
All variables are expressed as mean + SE.

Results

Cardiovascular responses during exposure
to emotionally charged movies

The resting HR and MAP were 64 4+ 3 beats/min and
98 + 3 mmHg, respectively. The continuous measurements

of AP and HR during exposure to emotionally charged
movies in a subject are exemplified in Fig. 2. Obviously, AP
and HR did not change during exposure to emotionally
charged movies. The changes in HR, SV, and MAP were not
statistically significant (P > 0.05) against the baseline con-
trol during exposure to any emotionally charged movie,
although CO and TPR slightly changed (P < 0.05) during
exposure to the landscape or horror movie (Fig. 3a).

Subjective ratings of pleasantness and consciousness

As soon as every bout for an individual movie was com-
pleted, questions about the subjective ratings of pleasant-
ness and consciousness in relation to exposure to the
emotionally charged movie were asked. As shown in
Fig. 3b, the pleasantness score was the highest with the
comedy movie and the lowest with the horror movie; the
difference in the pleasantness score was significant
(P < 0.05). On the other hand, the consciousness score was
higher (P < 0.05) with both comedy and horror movies
than for the landscape movie (Fig. 3b). There was no sig-
nificant correlation between the extents of pleasantness and
consciousness  [correlation  coefficient  (y) = 0.01,
P = 0.947 by Spearman’s rank correlation method].
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Fig. 3 a The responses in HR, (A) Cardiovascularresponses
stroke volume (SV), cardiac
output (CO), mean arterial Comedy Landscape Horror
blood pressure (MAP), and total sor * 80 - % 80 *
peripheral resistance (TPR) HR
during emotionally charged . 60 ’_LI ' |_|-| 60 - |-L| ' I_LI 60 |- |-'-‘ ' |-L|
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After the three bouts for a movie had been completed,
more detailed subjective ratings of feelings were requested
using the modified POMS questionnaires. Compared to the
landscape movie, a feeling of vigor was the highest with
the comedy movie and the lowest with the horror movie;
the difference between them was significant (P < 0.05).
Feelings of anxiety, depression, and fatigue were signifi-
cantly increased (P < 0.05) only after exposure to the
horror movie.
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Responses in facial skin blood flow during exposure
to emotionally charged movies

Figure 4 shows an example of the responses in facial skin
blood flows during exposure to emotionally charged
movies in a subject. Baseline facial skin blood flow was the
highest in the lips (Figs. 1, 4). Figure 5 represents the time
courses and magnitudes of the average facial skin blood
flows, which were obtained during the three bouts of
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Fig. 4 An example of two-
dimensional measurements of
facial skin blood flow during
exposures to emotionally
charged movies (comedy,
landscape, and horror) in a
subject
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individual emotional stimulation. Evidently, during expo-
sure to the comedy movie, facial skin blood flows
decreased, especially in the lips (Fig. 5). In contrast,
exposure to either a horror or landscape movie failed to
cause obvious changes in any facial skin blood flow. The
average %changes in regional facial skin blood flows

301

Landscape
Horror

during emotional stimulation are compared against the
baseline control and also compared among the emotional
interventions in Fig. 6. All facial skin blood flows
decreased (P < 0.05) from the control during exposure to
the comedy movie. However, any facial skin blood flows
failed to change significantly during exposure to either the
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horror or landscape movie. When comparing the average
Ychanges in facial skin blood flows among the movies, the
response magnitudes in the case of the comedy movie were
much greater (P < 0.05) than those during exposure to the
horror and landscape movies (Fig. 6). The characteristics
of the responses in vascular conductance of facial skin
regions were almost similar to those of the blood flow
responses, although vascular conductance in all facial skin
regions decreased (P < 0.05) when viewing a horror movie
(Fig. 7).

@ Springer

Responses in limb skin blood flow during exposure
to emotionally charged movies

The time courses and magnitudes of the average limb skin
blood flows (forearm and the dorsum of the hand) during
exposure to emotionally charged movies are shown in
Fig. 5. The time course data revealed that limb skin blood
flows unchanged from the baseline during exposure to any
emotionally charged movies. The relative %changes in limb
skin blood flows were mostly insignificant during exposure
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to emotionally charged movies, although forearm skin blood
flow slightly decreased (P < 0.05) during exposure to the
comedy movie (Fig. 6). The characteristics of the responses
in limb cutaneous vascular conductance were almost similar
to those of the limb blood flow responses, although forearm
vascular conductance decreased (P < 0.05) when viewing a
horror movie (Fig. 7).

«Fig. 6 a The %changes in regional facial skin blood flow during
emotionally charged challenges (comedy, landscape, and horror) in
12 subjects. The %change data were obtained compared to the
baseline control levels (denoted as 100%) for every subject. The data
on skin blood flows in the bilateral infraorbital and cheek regions
were pooled and averaged, respectively. The data during each
emotional challenge were collected as the mean value over the three
consecutive bouts, and they were further averaged among the
subjects. b The %changes in limb skin blood flow (forearm and the
dorsum of the hand) during the emotionally charged challenges were
similarly analyzed in 6 or 7 of the 12 subjects. *Significant difference
(P < 0.05) from the baseline control before emotional challenge. '
Significant difference (P < 0.05) between emotional challenges. NS
not significant between emotional challenges

Relationships between the subjective ratings
and the responses in skin blood flow or vascular
conductance

Whether the responses in facial skin blood flow and vas-
cular conductance significantly correlated with the sub-
jective rating of pleasantness or consciousness is clarified
in Figs. 8 and 9. With respect to pleasantness, significant
correlations (P < 0.05) were found with the changes in
skin blood flows of the lip, cheek, and chin regions. The
changes in skin blood flows in the infraorbital and subnasal
regions, however, did not show a significant correlation
(Fig. 8). The changes in lip skin vascular conductance
alone, but not others, had a significant correlation with
pleasantness (Fig. 9). With respect to consciousness, there
were significant correlations (P < 0.05) with the changes
in skin blood flow in all facial regions and with the changes
in skin vascular conductance in the infraorbital, subnasal,
and chin regions (Figs. 8, 9).

In contrast to the facial regions, limb skin blood flow and
vascular conductance (forearm and the dorsum of the hand)
had no significant correlations (P > 0.05) with the subjective
ratings of pleasantness and consciousness (Figs. 8, 9).
Moreover, none of the systemic cardiovascular variables
(HR, SV, CO, MAP, and TPR) correlated to either pleas-
antness or consciousness (P > 0.05, not shown).

Responses in facial and limb skin blood flows
during the mental arithmetic task

Figure 10 summarizes the average responses in facial and
limb skin blood flows during a mental arithmetic task. All
facial and limb skin blood flows did not change (P > 0.05)
from the baseline during the mental arithmetic task,
although lip skin blood flow tended to decrease by
7.5 £ 8.6% (P = 0.072). On the other hand, significant
increases in HR (7 4+ 2 beats/min) and CO (0.5 £ 0.2
l/min), and MAP (4 + 1 mmHg) and significant decrease
in TPR (1.1 £ 0.5 mmHg/l/min) were observed. Immedi-
ately after the mental arithmetic task, the pleasantness
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Fig. 7 a The %changes in regional facial skin vascular conductance
during emotionally charged challenges (comedy, landscape, and
horror) in 9 subjects. The data on skin vascular conductance in the
bilateral infraorbital and cheek regions were pooled and averaged,
respectively. The data during each emotional challenge were
collected as the mean value over the three consecutive bouts and
were further averaged among the subjects. b The %changes in limb
skin vascular conductance (forearm and the dorsum of the hand)
during the emotionally charged challenges were similarly analyzed in
6 or 7 of the 12 subjects. *Significant difference (P < 0.05) from the
baseline control before emotional challenge. Significant difference
(P < 0.05) between emotional challenges. NS not significant between
emotional challenges
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score was rated as —0.4 4 0.4 and the consciousness score
as 2.6 + 0.3, suggesting that the pleasantness level seemed
neutral, while the conscious level was close to the level
during the comedy and horror stimulation.

Discussion

For the first time to our knowledge, the present study
measured the changes in regional facial skin blood flows
during audiovisually elicited emotional challenges by using
noninvasive two-dimensional laser speckle flowmetry.
Limb skin blood flows (forearm and the dorsum of the
hand) and systemic cardiovascular variables were simul-
taneously measured. We hypothesized that a positively
charged emotional stimulus may decrease facial skin blood
flows as opposed to a negatively charged emotional stim-
ulus such as anger or embarrassment. The major new
findings of this study are (1) that positively charged emo-
tional stimulation decreased regional facial skin blood flow
(especially in the lips), whereas negatively charged emo-
tional stimulation did not alter facial skin blood flow as
opposed to our expectation; (2) that although regional
facial skin vascular conductance decreased during expo-
sure to comedy and horror movies, the reduction in vas-
cular conductance was much greater in the case of a
comedy movie; (3) that the relative %changes in skin blood
flow of most facial regions were inversely correlated with
the subjective rating of pleasantness or consciousness; (4)
that the relative %changes in lip skin vascular conductance
had an inverse correlation with the subjective rating of
pleasantness, while the %changes in infraorbital, subnasal,
and chin skin vascular conductance had an inverse corre-
lation with the subjective rating of consciousness; (5) that
none of the changes in systemic cardiovascular variables
and limb skin blood flow and vascular conductance cor-
related with the subjective ratings of pleasantness and
consciousness. Taken together, it is suggested that the more
positive emotional status becomes, the more neurally
mediated vasoconstriction may occur in facial skin blood
vessels without changing the limb skin blood flows and
systemic cardiovascular variables.

Facial skin blood flow as a physiological estimate
of emotional and/or mood status

In this study, we found for the first time significant
decreases in all facial skin blood flows when viewing a
positively charged movie, some of which had significant
correlations with the subjective rating of pleasantness.
Although the subjective rating against the horror movie
revealed a clear unpleasant feeling, the responses in facial
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Fig. 8 a The relationships
between the %changes in facial
skin blood flows and the
subjective ratings of
pleasantness or consciousness
based on the data obtained from
12 subjects. The data on skin
blood flows in the bilateral
infraorbital and cheek regions
were pooled and averaged,
respectively. b The relationships
between the %changes in limb
skin blood flows and the
subjective ratings of
pleasantness or consciousness
based on the data obtained from
six or seven subjects. If a
significant correlation was
obtained, a linear regression line
was inserted. The data points
obtained during exposures to
emotionally charged movies are
represented by different
symbols [comedy (white
circles), landscape (grey
circles), and horror (black
circles)]. NS not significant. The
P values and correlation
coefficients (y) by Spearman’s
rank correlation method were
inserted in all significant
comparisons (P < 0.05)
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skin blood flow showed an increase in some subjects (as
exemplified in Fig. 4) but not in others. Accordingly, facial
skin blood flows during negatively charged emotional
stimulation failed to show a significant response from the
baseline (Fig. 6), like forehead skin blood flow [6]. The
reason for this was that the responses of facial skin blood
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Consciousness score

flows during exposure to a horror movie had great inter-
subject variation, despite less variation of the subjective
ratings. At least two factors may relate to the intersubject
variation. First, some subjects expressed more complex
feelings for the horror movie compared to the comedy or
landscape movie. The horror movie caused partly neutral or
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Fig. 9 a The relationships
between the %changes in facial
skin vascular conductance and
the subjective ratings of
pleasantness or consciousness
based on the data obtained from
9 subjects. The data on skin
vascular conductance in the
bilateral infraorbital and cheek
regions were pooled and
averaged, respectively. b The
relationships between the
%changes in limb skin vascular
conductance and the subjective
ratings of pleasantness or
consciousness based on the data
obtained from six or seven
subjects. If a significant
correlation was obtained, a
linear regression line was
inserted. The data points
obtained during exposures to
emotionally charged movies are
represented by different
symbols [comedy (white
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positive feelings depending on the subjects, which made it
difficult to detect a significant response of facial skin blood
flow. Second, the comedy and landscape movies may
impose relatively stationary stimuli, while the horror movie
may not be stationary and may change every moment,
making somewhat variant responses in facial skin blood
flows (as discussed later as one of the limitations). How-
ever, the time course data on facial skin blood flows did not
show any obvious temporal changes in each bout (as shown
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in Fig. 5). As a result, the finding suggests that the present
negatively charged emotional stimulation did not evoke a
significant response in facial skin blood flows, although it
cannot be neglected that the facial skin blood flow
response, if any, may be masked by the great intersubject
variation.

It is likely that facial skin blood flow reflects emotional
changes with a higher sensitivity than limb skin blood flow
and systemic hemodynamic variables. The decreases in
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Fig. 10 a The responses in facial skin blood flows during the mental
arithmetic task in six subjects. The data on skin blood flows in the
bilateral infraorbital and cheek regions were pooled and averaged,
respectively. b The responses in limb skin blood flows (forearm and
the dorsum of the hand) during the mental arithmetic task in the same
subjects. *Significant difference (P < 0.05) from the baseline control
before the mental arithmetic task. AU arbitrary unit

facial skin blood flows during exposure to the positively
charged movie occurred without any significant changes in
MAP (Figs. 2, 3), suggesting that the decreased blood flow
was not passively evoked by a decrease in perfusion
pressure but was actively induced by the autonomic

nervous system. This notion is supported by the significant
decreases in facial skin vascular conductance during
exposure to the positively charged movie (Fig. 7). Sym-
pathetic postganglionic nerve fibers run along branches of
the external and internal carotid arteries and terminate in
facial skin blood vessels. Activation of the facial sympa-
thetic nerve may cause o-adrenergic vasoconstriction of
cutaneous blood vessels [9]. On the other hand, facial
parasympathetic preganglionic fibers originating from the
brain stem contact postganglionic neurons at the otic and
pterygopalatine ganglia, whose axons terminate in facial
skin blood vessels in the lips [10]. Activation of the
parasympathetic nerve may cause vasodilatation in facial
cutaneous blood vessels [11]. Accordingly, the decrease in
facial skin blood flow evoked by positively charged emo-
tional stimulation may be caused by an increase in sym-
pathetic vasoconstrictor nerve activity and/or a decrease in
parasympathetic vasodilator nerve activity. It is of interest
that facial skin blood flow does not alter during the mental
arithmetic test, despite the significant systemic cardiovas-
cular responses that are controlled by the sympathoadrenal
activity.

Different regional responses in facial skin blood flow

It is known that the response in facial skin blood flow
shows great regional differences in many circumstances
during thermoregulation with body heating [12, 14, 15], a
cold pressor test [33], static handgrip exercise [33], irritant
chemical stimulation in the oral cavity [34], and painful
tooth stimulation [18]. In this study, skin blood flow in all
facial regions decreased during exposure to the comedy
movie. The decrease of skin blood flow in the lip, cheek,
and chin regions had significant correlation with the sub-
jective rating of pleasantness (Fig. 7), while lip skin vas-
cular conductance alone had a significant correlation with
pleasantness (Fig. 8). These findings may lead to the
assumption that a specific pattern of the changes in regional
facial skin blood flows gives insight into identification of
an emotional or mood status.

Limb skin blood flow and systemic hemodynamics
do not reflect emotional status

In a thermo-neutral condition, sympathetic vasoconstrictor
fibers, but not vasodilator fibers, are active in the limb
cutaneous vascular bed and the changes in the sympathetic
nerve activity may regulate limb cutaneous vascular
resistance and blood flow. To assess an emotional or mood
status quantitatively in terms of the changes in systemic
cardiovascular variables and limb skin sympathetic nerve
activity, correlations with a subjective emotional status
have been analyzed. In response to fear-induced stress, it
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has been reported that HR and MAP increased but limb
skin blood flow and surface temperature decreased in
humans and conscious animals [5, 6]. In addition to the
emotional stimulation, mental stress itself and/or stress-
induced defensive behavior may cause the characteristic
cardiovascular response and cutaneous vasoconstriction
[1-4]. Contrary to the data, Brown et al. [7] reported that
exposure to emotionally charged pictures did not accom-
pany such cardiovascular response and finger cutaneous
vasoconstriction. In this study we found no significant
changes in hand skin blood flow and vascular conductance
during any emotional challenge, although forearm skin
blood flow and vascular conductance decreased during
exposure to comedy and/or horror movies (Figs. 6, 7).
Furthermore, the systemic cardiovascular variables were
not influenced by exposure to the comedy movie, while a
slight increase in CO and a slight decrease in TPR were
observed during exposure to landscape and/or horror
movies (Fig. 3). Taken together, it is difficult to identify an
emotional or mood status in terms of the changes in sys-
temic cardiovascular variables and limb skin blood flow
and vascular conductance.

Dissimilarity in autonomic control of facial and limb
skin blood vessels

Dissimilarity between the responses in facial and limb
cutaneous blood vessels has been recognized. Drummond
and Quah [16] reported that with anger condition (de-
scribing anger-provoking incidents), forehead pulse
amplitude increased compared to a neutral condition,
whereas finger pulse amplitude decreased. Their finding
indirectly suggested that, in response to a negatively
charged emotional intervention, forehead cutaneous blood
vessels may dilate, whereas finger cutaneous blood vessels
may constrict. Kemppainen et al. [18] reported that painful
tooth stimulation increased lip skin blood flow but
decreased nose and finger skin blood flow. Kashima et al.
[33] reported that facial skin blood flow in the forehead,
eyelid, cheeks, and lips increased during the cold pressor
test, whereas finger skin blood flow decreased during the
test. In agreement with these previous findings, we found
dissimilarity between the responses in facial and limb
cutaneous blood vessels. When skin blood flow and vas-
cular conductance of all facial regions decreased during
exposure to a positively charged emotional intervention,
hand skin blood flow and vascular conductance did not
change significantly although the variables of the forearm
skin area decreased (Figs.5, 6, 7). Furthermore, the
changes in skin blood flow and vascular conductance of
some facial regions had significant correlations with the
subjective ratings of pleasantness and consciousness,
whereas limb skin blood flow and vascular conductance
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had no significant correlations with the subjective ratings
(Figs. 8, 9). The dissociation clearly indicates that auto-
nomic regulation of cutaneous blood vessels is different
between the facial and limb regions. This notion is con-
ceivable because it is known that sympathetic nervous
activity is non-uniform among organs and controlled
depending on a physiological function specific for a given
organ [35].

Limitations

Several substantial limitations are involved in this study.
First, the data on skin blood flow in the upper part of the
face (including the forehead and eyelids) were lacking
because of a technical limitation in this study. Since skin
blood flows in the forehead and eyelid regions increased
in response to emotional embarrassment or chemical taste
stimulation [16, 17, 34], it is expected that the skin blood
flows would respond to the present emotional interven-
tions. Second, the two-dimensional facial skin blood flow
images were obtained by scanning the lower part of the
face with the line-sensing device, and the time interval
between the first and last scanned data on a given skin
blood flow image was ~12s. Thus, the simultaneous
comparison of the skin blood flow data was not allowed
in this study. Third, although the comedy and night
landscape movies provide relatively stationary audiovisual
stimulation over the elapsed time period, the horror movie
consisted of many variant scenes containing not only fear
and negative feeling but also neutral or positive feeling.
Thus, the audiovisual stimulation by the horror movie
seemed not always to be stationary and constant. For this
reason, the responses in facial skin blood flow became
variable among subjects and even in a given subject. To
avoid the nonstationary effect of the horror movie, we
should use negatively charged static pictures taken from
the database of the international affective picture system
in the future [36]. The data obtained by stimulation of the
emotionally charged pictures may provide a clear disso-
ciation in facial skin blood flow between negative and
positive feelings.

Conclusions

The present study has examined for the first time the
changes in regional facial skin blood flows in response to
audiovisually elicited emotional challenges. Regional
facial skin blood flows, especially in the lips, decreased
while viewing a positively charged movie. The decreases
in the facial skin blood flows correlated with the sub-
jective ratings of pleasantness and consciousness, whereas
none of the changes in limb skin blood flows and
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systemic hemodynamics correlated with them. Therefore,
it is suggested that the changes in facial skin blood flows
may serve as a more sensitive tool to assess an emotional
or mood status.

Acknowledgements This study was supported by the Center of
Innovation (COI) Program from the Japan Science and Technology
Agency (JST) and partly supported by Grants-in-Aid (no. 15H03061)
for Scientific Research (B) from the Japan Society for the Promotion
of Science.

Compliance with ethical standards

Funding This study was funded by the Center of Innovation (COI)
Program from the Japan Science and Technology Agency (JST) and
partly supported by Grants-in-Aid (no. 15H03061) for Scientific
Research (B) from the Japan Society for the Promotion of Science.

Conflict of interest All authors declare that we have no conflict of
interest about this study.

Ethical approval All procedures performed in this study were in
accordance with the ethical standards of the institutional ethics
committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. Informed consent was
obtained from all individual participants included in the study prior to
the experiments.

References

1. Blair DA, Glover WE, Greenfield AD, Roddie IC (1959) Exci-
tation of cholinergic vasodilator nerves to human skeletal mus-
cles during emotional stress. J Physiol 148:633-647

2. Adams DB, Baccelli G, Mancia G, Zanchetti A (1971) Relation
of cardiovascular changes in fighting to emotion and exercise.
J Physiol 212:321-335

3. Roddie IC (1977) Human responses to emotional stress. Ir J Med
Sci 146:395-417

4. Dietz NM, Rivera JM, Eqqgener SE, Fix RT, Warner DO, Joyner
MJ (1994) Nitric oxide contributes to the rise in forearm blood
flow during mental stress in humans. J Physiol 480:361-368

5. Vianna DM, Carrive P (2005) Changes in cutaneous and body
temperature during and after conditioned fear to context in the
rat. Eur J Neurosci 21:2505-2512

6. Hayashi N, Someya N, Maruyama T, Hirooka Y, Endo MY,
Fukuba Y (2009) Vascular responses to fear-induced stress in
humans. Physiol Behav 98:441-446

7. Brown R, James C, Henderson LA, Macefield VG (2012) Auto-
nomic markers of emotional processing: skin sympathetic nerve
activity in humans during exposure to emotionally charged
images. Front Physiol 3:394

8. Henderson LA, Stathis A, James C, Brown R, McDonald S,
Macefield VG (2012) Real-time imaging of cortical areas involved
in the generation of increases in skin sympathetic nerve activity
when viewing emotionally charged images. Neuroimage 62:30—-40

9. Drummond PD (1994) Sweating and vascular responses in the
face: normal regulation and dysfunction in migraine, cluster
headache and harlequin syndrome. Clin Auton Res 4:273-285

10. Kuchiiwa S, Izumi H, Karita K, Nakagawa S (1992) Origins of
parasympathetic postganglionic vasodilator fibers supplying the
lips and gingivae; an WGA-HRP study in the cat. Neurosci Lett
142:237-240

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Izumi H, Karita K (1993) Innervation of the cat lip by two groups
of parasympathetic vasodilator fibers. J Physiol 465:501-512
Drummond PD, Lance JW (1987) Facial flushing and sweating
mediated by the sympathetic nervous system. Brain 110:793-803
Drummond PD (1995) Mechanisms of physiological gustatory
sweating and flushing in the face. J Auton Nerv Syst 52:117-124
Blair DA, Glover WE, Roddie IC (1961) Cutaneous vasomotor
nerves to the head and trunk. J Appl Physiol 16:119-122

Fox RH, Goldsmith R, Kidd DJ (1962) Cutaneous vasomotor
control in the human head, neck, and upper chest. J Physiol
161:298-312

Drummond PD, Quah SH (2001) The effect of expressing anger
on cardiovascular reactivity and facial blood flow in Chinese and
Caucasians. Psychophysiology 38:190-196

Drummond PD, Su D (2012) The relationship between blushing
propensity, social anxiety and facial blood flow during embar-
rassment. Cognit Emot 26:561-567

Kemppainen P, Forster C, Handwerker HO (2001) The impor-
tance of stimulus site and intensity in differences of pain-induced
orofacial regions. Pain 91:331-338

Nordin M (1990) Sympathetic discharges in the human supraor-
bital nerve and their relation to sudo- and vasomotor responses.
J Physiol 423:241-255

Ishii K, Ito M, Endo K, Liang N, Idesako M, Matsukawa K
(2015) Facial skin blood flow response during exposure to
emotionally-charged movie. FASEBJ 29 (1 Supplement):LB722
Mehrabian A, Russell JA (1974) An approach to environmental
psychology. MIT press, Cambridge

Russell JA (1977) Evidence for a three-factor theory of emotions.
J Res Personal 11:273-294

Russell JA (1980) A circumplex model of affect. J Personal Soc
Psychol 39:1161-1178

Shaver P, Schwartz J, Kirson D, O’Connor C (1987) Emotion
knowledge: further exploration of a prototype approach. J Per-
sonal Soc Psychol 52:1061-1086

Lang et al (1993) Looking at pictures: affective, facial, visceral,
and behavioral reactions. Psychophysiology 30:261-273
Mehrabian A (1996) Pleasure-arousal-dominance: a general
framework for describing and measuring individual differences in
temperament. Curr Psychol 14:261-292

Pollock V, Cho DW, Reker D, Volavka J (1979) Profile of mood
states: the factors and their physiological correlates. J Nerv Ment
Dis 167:612-614

Pronk NP, Crouse SF, Rohack JJ (1995) Maximal exercise and
acute mood response in women. Physiol Behav 57:1-4

Nakao M, Ando K, Nomura S, Kuboki T, Uehara Y, Toyooka T
et al (2001) Depressive mood accompanies hypercholesterolemia
in young Japanese adults. Jpn Heart J 42:739-748

Kitaoka K, Ito R, Araki H, Sei H, Morita Y (2004) Effect of
mood state on anticipatory postural adjustments. Neurosci Lett
370:65-68

Hatayama T, Kitamura S, Tamura C, Nagano M, Ohnuki K
(2008) The facial massage reduced anxiety and negative mood
status, and increased sympathetic nervous activity. Biomed Res
29:317-320

Fumoto M, Oshima T, Kamiya K, Kikuchi H, Seki Y, Nakatani Y
et al (2010) Ventral prefrontal cortex and serotonergic system
activation during pedaling exercise induces negative mood
improvement and increased alpha band in EEG. Behav Brain Res
213:1-9

Kashima H, Ikemura T, Hayashi N (2013) Regional differences in
facial skin blood flow responses to the cold pressor and static
handgrip tests. Eur J Appl Physiol 113:1035-1041

Kashima H, Hayashi N (2013) Facial skin blood flow responses to
irritant stimuli in the oral cavity. Auton Neurosci 174:61-65

@ Springer



190 J Physiol Sci (2018) 68:175-190

35. Ninomiya I, Irisawa A, Nisimaru N (1973) Nonuniformity of manual and affective ratings. Technical Report A-6. University of
sympathetic nerve activity to the skin and kidney. Am J Physiol Florida: the Center for Research in Psychophysiology,
224:256-264 Gainesville

36. Lang PJ, Bradley MM, Cuthbert BN (2005) International affec-
tive picture system (IAPS): digitized photographs, instruction

@ Springer



	Facial skin blood flow responses during exposures to emotionally charged movies
	Abstract
	Introduction
	Methods
	Subjects
	Measurements of facial and limb skin blood flows
	Cardiovascular recordings
	Experimental protocols
	Subjective ratings of feelings stimulated during emotionally charged movies
	Data and statistical analyses

	Results
	Cardiovascular responses during exposure to emotionally charged movies
	Subjective ratings of pleasantness and consciousness
	Responses in facial skin blood flow during exposure to emotionally charged movies
	Responses in limb skin blood flow during exposure to emotionally charged movies
	Relationships between the subjective ratings and the responses in skin blood flow or vascular conductance
	Responses in facial and limb skin blood flows during the mental arithmetic task

	Discussion
	Facial skin blood flow as a physiological estimate of emotional and/or mood status
	Different regional responses in facial skin blood flow
	Limb skin blood flow and systemic hemodynamics do not reflect emotional status
	Dissimilarity in autonomic control of facial and limb skin blood vessels
	Limitations

	Conclusions
	Acknowledgements
	References




