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Abstract. The elevation of natural killer cell activity (NKCA)
by laughter was not confirmed due to incomplete methodology
of previous studies although positive emotion is believed to be
favorable for health. To verify NKCA elevation by laughter
in a crossover design, we measured NKCA before and after
watching films, presenting 75-min comic film and non-
emotional control film at different days to the same 21 healthy
male subjects. Electromyogram of left major zygomatic muscle
was obtained during the films to quantify the magnitude of
laughter as an index of emotional expression. As indices of
emotional experience, the self-rated pleasantness of the comic
film and mood state before and after film were measured using
visual analogue scale and Profiles of Mood State (POMS),
respectively. The comic film significantly elevated NKCA
(26.5-29.4%, p<0.05), whereas the control film did not (27.1-
24.8%, not significant). This is the first study to demonstrate
NKCA elevation by laughter in a crossover designed study.
To examine the contribution of experiential and expressive
aspects of laughter to NKCA elevation, correlation of NKCA
elevation with the self-rated pleasantness, mood scores
before and after comic film and the magnitude of laughter
was statistically tested. We found that NKCA elevation was
negatively correlated with the scores of negative mood scales
of POMS while NKCA elevation had no significant
correlation with self-rated pleasantness and the magnitude of
laughter. Further group analysis revealed that high scores of
depression and anger-hostility suppressed NKCA elevation
by laughter. We also found that NKCA before and after
comic film had tendency of correlation with self-rated
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pleasantness of the comic film while NKCA had no
correlation with the magnitude of laughter. These findings
suggest that NKCA elevation and NKCA before and after
comic film seem to be related with the experiential aspects of
laughter rather than with the expressive aspects.

Introduction

Cheerful heart is a good medicine. As shown in the Old
Testament, it has been believed from the ancient times that
positive emotion has favorable effect on health, whereas there
were few studies to corroborate this idea. In the research field
of psychoneuroimmunology, the effects of negative psycho-
logical stress on immune function were investigated in detail
(1,2), in contrast, little was known about the effects of positive
psychological events on immune function. Laughter is an
innate emotional expression of joy, happiness and high spirit
(3). Since the first report of Norman Cousins (4), scientific
studies have started to clarify immunological effect of laughter.
There are a few reports that laughter elevated natural killer
cell activity (NKCA) (5,6), but the sample size of these studies
was small, indicating the limited reliability of these results:
Laughter is an emotion with experiential and expressive
aspects. These studies also omitted the measurement of the
two aspects of laughter like pleasant experience, changes of
mood states during experiments and the magnitude of facial
expression, so that these studies could not uncover the relation
between NKCA clevation and the experiential and expressive
aspects of laughter. In the present study, we measured the
elevation of NKCA induced by laughter and non-emotional
control experiments in a crossover design and examined the
relation between NKCA elevation and experiential and
expressive aspects of laughter.

Materials and methods

Subjects. Twenty-one young healthy male subjects (age 18-
26 years) participated in the present study. All the subjects gave
written informed consent. The experimental procedure was
conducted conforming to the policies and principles
contained in the Declaration of Helsinki. The subjects did not
take any medication during the experimental period. We
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Figure 1. Protocol of the experiment. From 7:00 a.m. to 7:30 a.m., mood assessment with Profiles of Mood States (POMS), blood sampling and placement of
electrode were undertaken in the given order. At 7:30 a.m., film presentation started and electromyogram of left major zygomatic muscle, skin conductance
response, finger tip plethysmogram, pneumogram, body movement were polygraphically recorded during film watching. Facial expression of the subjects was
also recorded using a video camera. At the end of the film (approximately 8:50 a.m.), displacement of electrodes, mood assessment with POMS, self-rating of

pleasantness of the comic film and blood sampling were performed.

limited our study to male subjects due to the unknown effect
of female menstrual cycle on NKCA. All the participants
were paid ten thousand yens (corresponding to approximately
US$80) after the completion of the experimental protocol.

Experimental procedure. The protocol of the experiment is
displayed in Fig. 1. Subjects were instructed to avoid intensive
exercise, to sleep well, not to take alcohol, tobacco and caffeine
from the day before the experiment and not to have breakfast
in the morning of the experimental day. Blood samplings
were undertaken at 7:20 a.m. and 9:00 a.m. because of the
circadian rhythm of NKCA (7). The experiment started at
7:00 a.m. At first, mood states of the subject were assessed
by Profiles of Mood States (POMS), then blood sampling
and placement of electrodes and probes to the subject were
undertaken. The subject watched a comic film or a non-
emotional control film presented in the 14-inch TV monitor
approximately 2 m apart, alone in a shielded room. The
duration of the films was 75 min. The content of the comic
film used in the study was part of comedy series produced by
popular Japanese comedians, and that of non-emotional
control film was a documentary TV program that did not
contain any emotional elements. The subject watched the
other film within 4 weeks in the same experimental protocol.
The order of both films was randomized to address potential
order effect. During watching a film, electromyogram of left
major zygomatic muscle, skin conductance response in the
left palm, finger tip plethysmogram of left forefinger,
pneumogram, body movement and vocalization were measured
using digital electroencephalograph (Synafit 2514, GE
Marquette Medical Systems, Tokyo, Japan). According to the
guideline of Fridlund and Cacioppo (8), Ag-AgCl surface
electrodes with 5 mm diameter were placed on the left major
zygomatic muscle, which was mainly involved in the facial
expression of laughter (9). These polygraphical data were
recorded in magneto-optical discs. Simultaneously, the facial
expression of the subject was recorded with a digital video
camera. After watching a film (approximately 9:00 a.m.), the

assessment of mood states* with POMS, blood sampling,
self-rating of the pleasantness of the comic film with visual
analogue scale were undertaken. All these measurements were
undertaken in the shielded room to minimize environmental
noise.

Immunological measurements. We measured NKCA, the
percent of NK cell marker (CD16, CD56, CD57), red blood
cells, white blood cells and platelets. The measurements were
performed at BML, INC (Tokyo, Japan). We assumed CD16*
CD56* cells as NK cells in the present study (10). To obtain
the number of NK cell, the percent of CD16* CD56* cell
subtype was multiplied by total lymphocytes. NKCA was
determined by standard chromium release assay as described
by Kay and Horwitz (11) at two effector-to-target ratios
(20:1, 10:1). Target cells were 'Cr-labeled human myeloid
K562 cells. The assays of NKCA were finished within the
day of blood sampling. NKCA elevation was defined as the
difference of NKCA before and after the film (NKCA before
film minus NKCA after film). To determine the NKCA per
unit cell count, NKCA was divided by the percent of CD16*
CD56* cell subtype.

Quantification of laughter. At first, we removed artifactual
activities of major zygomatic muscle from electromyographic
data by simultaneous and follow-up observation of subjects’
faces monitored and recorded with a video camera. In the
off-line analysis, mean muscle discharge (UWV) of zygomatic
muscle was calculated from integrated electromyogram, using
data analysing software DaDisp Pro ver 4.0. The details of
the analysis were described in our previous study (12).

Psychological measurements. The pleasantness of the comic
film was evaluated with visual analogue scale (VAS) of 10 cm
bar (full mark is 10 point). We instructed the subjects that the
left end of the bar corresponds to no pleasantness and the right
end, the most pleasant state ever experienced. Mood before and
after watching comic or control film were evaluated with
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Table I. NKCA and the number of NK cells before and after
watching the comic and control film.?
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Table II. a, The scores of mood scale of POMS before and
after watching the comic film.2

NKCA (%) NK cell (cells/mm?)

Laughter Control Laughter Control

Before 26.5 27.1 240 249
After 29.4 24.8 219 167
p-value

(paired T-test) p<0.05 NS NS p<0.01

*Laughter significantly elevated NKCA at the effector-to-target
ratio (20:1), whereas control did not. Significant decrease in the
number of NK cell was found in control condition. NKCA, natural
killer cell activity.

Profiles of Mood State (POMS). POMS is a questionnaire for
mood assessment consisting of six scales of tension-anxiety
(T-A), depression (D), anger-hostility (A-H), vigor (V),
fatigue (F), confusion (C). To evaluate psychological
background of the subjects, the 16 personality factor (16-PF)
questionnaire and Daily Life Stress Scale (Holmes & Rahe)
were performed.

Results

Before and after watching the comic film, significant
elevation of NKCA was found at the effector-to-target ratio
(20:1), (before 26.5%; after 29.4%, df=20, t=1.85, p<0.05,
paired T-test, one-tailed), whereas no significant changes
were observed before and after the control film (before
27.1%; after 24.8%, not significant). There was no
significant changes in the number of NK cells before and
after the comic film (before 236 cells/mm?3; after 217
cells/mm?, not significant), though the number of NK cells in
the control condition indicated significant decrease (before
249 cells/mm?; after 173 cells/mm3, df=20, t=3.27, p<0.01,
paired T-test, one-tailed), (Table I). NKCA per unit cell count
did not show significant changes during either the comic or the
control conditions. The averaged EMG discharge during the
comic was significantly larger than that during the control
film (comic 42.4 uV; control 7.5 uV, df=18, t=4.43, p<0.001,
paired T-test, one-tailed). We performed this comparison
among 19 subjects since EMG data of two subjects during
control film were incomplete. The average score of self-rated
pleasantness of the comic film was 6.2 points. On the other
hand, control film did not elicit any pleasantness since all the
subjects reported that they did not feel any pleasantness or
funniness at all.

The scores of mood scales measured with POMS are
.shown in Table II. Significant decrease of scores by the
comic film was found in tension-anxiety (df=20, t=2.42,
p<0.01, paired T-test, one-tailed), depression (df=20, t=4.06,
p<0.001, paired T-test, one-tailed), anger-hostility (df=20,
t=1.92, p<0.05, paired T-test, one-tailed), confusion (df=20,
t=2.59, p<0.01, paired T-test, one-tailed). Significant changes

T-A D A-H VvV F C
Before 504 51.0 484 543 493 50.7
After 47.0 47.9 46.8 554 468 484
p-value p<0.01 p<0.001 p<0.05 NS NS p<0.01

(one-tailed)

*There were significant changes in the scales of tension-anxiety
(p<0.01), depression (p<0.001), anger-hostility (p<0.05), confusion
(p<0.01). T-A, tension-anxiety; D, depression; A-H, anger-hostility;
V, vigor; F, fatigue; C, confusion.

b, The scores of mood scale of POMS before and after
watching the control film.?

T-A D A-H A% F C
Before 505 523 520 55.5 504 513
After 484 51.0 492 50.4 532 520
p-value NS NS p<0.05 p<0.0l p<0.05 NS

(one-tailed)

*There were significant changes in the scales of anger-hostility
(p<0.05), vigor (p<0.01), fatigue (p<0.05).

of scores by the control film were found in anger-hostility
(df=20, t=1.90, p<0.05, paired T-test, one-tailed), vigor
(df=20, t=3.75, p<0.001, paired T-test, one-tailed) and fatigue
(df=20, t=1.96, p<0.03, paired T-test, one-tailed).

To examine the contribution of experiential and expressive
aspects of laughter to NKCA elevation, the correlation of
NKCA elevation with the self-rated pleasantness, the scores
of mood scales in POMS and the magnitude of laughter was
tested in the laughter experiment. NKCA elevation by laughter
had significant negative correlation with the scores of
depression (r=-0.56, p<0.01) and anger-hostility (r=-0.56,
p<0.01) before comic film and those of tension-anxiety
(r=-0.58, p<0.01), depression (r=-0.60, p<0.01), anger-hostility
(r=-0.52, p<0.05) and fatigue (r=-0.48, p<0.05) after the
comic film (Table III), though there was no significant
correlation of NKCA elevation with self-rated pleasantness
and the magnitude of laughter (Table IV). The scores of
depression and anger-hostility had significant negative
correlation with NKCA before and after the comic film. In
further analysis, the subjects were divided into three groups,
namely a group with high depression and high anger-hostility
which exhibited higher scores of both mood scales than each
mean, a group with low depression and low anger-hostility
which exhibited lower scores of both mood scales than each
mean and a group of the rest. The numbers of the subjects
belonging to each group were ten, eight and three before the
comic, and nine, seven and five after the comic film,
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Table III. Correlation between NKCA elevation and the scores
of mood scales of POMS before and after the comic film.?

T-A D A-H \Y% F C
Before NS -0.56>  -0.56® NS NS NS
After -0.58*  -0.6° -0.52¢ NS  -048 NS

NKCA elevation was negatively correlated with the scores of
depression and anger-hostility before watching the comic film and
those of tension-anxiety, depression, anger-hostility and fatigue after
the comic film. T-A, tension-anxiety; D, depression; A-H, anger-
hostility; V, vigor; F, fatigue; C, confusion. ®p<0.01; p<0.05; one-
tailed.

Table IV. Correlation of NKCA before and after the comic
film and NKCA elevation with the magnitude of laughter
evaluated with electromyogram and self-rated pleasantness
of the comic film.?

NKCA
Before After Elevation
EMG NS NS NS
VAS 0.395° 0.428> NS

aSelf-rated pleasantness of the comic film had tendency of
correlation with NKCA before and after the film. EMG, the
maginitude of laughter evaluated with electromyogram; VAS, self-
rated pleasantness of the comic film using visual analogue scale;
before, NKCA before the comic film; after, NKCA after the comic
film; elevation, NKCA elevation. Pp<0.1.

Before the comic film

20
5 o p<0.005
[+}
g " 8
§ 5 o [ ]
®
2 0 8 s
° M
S -5
¥
Z-10 °
-15 L ]
-20
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(n=10) (0=8)
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respectively. The comparison of NKCA elevation in the
former two groups revealed significantly lower NKCA
elevation in the group with high depression and high anger-
hostility before and after the comic film [before 7.1% (low
group) and -2.5% (high group), df=16, t=3.25, p<0.005,
Student's t-test, one-tailed; after 6.0% (low group) and -2.3%
(high group), df=14, t=2.30, p<0.05, Student's t-test, one-tailed]
(Fig. 2).

To examine the relation of experiential and expressive
aspects of laughter with NKCA before and after the comic
film, the correlation of NKCA with self-rated pleasantness of
the comic film and the magnitude of laughter was statistically
tested. Self-rated pleasantness had tendency of correlation with
NKCA before and after the comic film (NKCA before comic
r=0.395, p<0.1; NKCA after comic r=0.428, p<0.1), though
there was no significant correlation of NKCA with the
magnitude of laughter (Table IV).

There was no relation between the results of 16-PF

»

questionnaire and NKCA elevation and NKCA before and

after the comic film.
Discussion

Although the elevation of NKCA by laughter was suggested by
previous studies (5,6), the results were uncertain due to the
small sample size in these studies. Another study, which
lacked the comparison to control group, failed to indicate
NKCA elevation by humorous video (13). The present study
conquered methodological issues of the previous studies
using large sample size and a crossover designed experiment
and demonstrated significant NKCA elevation by laughter
and no NKCA changes by the control film. In regard to the
number of NK cells, significant decrease during control was
found. It is known that NKCA has circadian rhythm of the
highest activity in the early morning and the lowest activity in

After the comic film

20
15 o p<0.05
]
£ 10 o .
§ 5 ) .
K
> ®
20 s .
g -5 ¢
z
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Figure 2. NKCA elevation of the low depression and low anger-hostility (low D and A-H) group and high depression and high anger-hostility (high D and A-H)

group. The subjects were divided into three groups according to the scores of D and A-H before and after the comic film, namely a group with high D and A-H

which exhibited higher scores of both mood scales than each mean, a group with low D and A-H which exhibited lower scores of both mood scales than each
mean and a group of the rest. High D and A-H group exhibited significantly lower NKCA elevation than low D and A-H group before (left) and after (right)

the comic film.
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the evening (7). Thus, decrease in the number of NK cells
during the control film could be explained by circadian
rhythm. On the contrary, no significant change of NK cells
was observed during the comic film. These findings suggest
the increase in the number of NK cells during laughter
compared with the control. NKCA per unit cell count
indicated no significant changes in either experiment. In
summary, NKCA elevation by laughter could be related with
the number of NK cells rather than NKCA per unit cell
count.

As indicated in Table Ila, the comic film significantly
improved the scores of negative mood like tension-anxiety,
depression, anger-hostility and confusion. The average of
self-rated pleasantness of the comic was 6.2 point. These
findings suggested sufficient pleasantness induced by the
comic film. Non-emotional control film significantly
aggravated the scores of vigor and fatigue. It is possible that
the scores of vigor and fatigue in the control experiment
might be affected by experimental environment where
subjects watched a film with electrodes and probes on their
face and body, though control film should have no effect on
mood essentially. In summary, the data of mood scores
assessed by POMS clearly indicated that the comic film
improved the mood of the subjects compared with the control
film and that both films were appropriate as visual stimuli.

The relation between NKCA elevation and experiential and
expressive aspects of laughter is of importance. The present
study indicated that the scores of negative mood in POMS
were negatively correlated with the elevation of NKCA by
laughter. Further comparison between the group with high
depression high anger-hostility and the group with low
depression low anger-hostility group revealed that high scores
of depression and anger-hostility suppressed NKCA elevation
by laughter. The present study also indicated that higher scores
of pleasantness to the comic film tended to be related with
higher NKCA, implying that high sensitivity to pleasant stimuli
predicts high NKCA before and after the comic film. On the
other hand, the magnitude of laughter evaluated with EMG
did not show significant correlation with NKCA elevation or
NKCA before and after the comic film. These findings
suggest that the immunological effect of laughter could be
attributable not to expressive aspects like the magnitude of
facial expression of laughter but to subjective experiential
aspects like mood states and pleasant emotional experience to
the comic film.

It is known that physical exercise elevates NKCA via
marked increase in circulating NK cell number (14). It is
reported that NKCA elevation during exercise is mediated by
epinephrine (15). Laughter is an emotional expression with
facial expression as well as somatic motion like vocalization
and body movement, while epinephrine, norepinephrine and
cortisol were lowered during mirthful laughter (16). The present
study did not indicate marked increase in NK cell number by
laughter. These findings suggest distinct mechanism of NKCA
elevation by laughter from that during physical exercise. Recent
studies in neuroscience indicate that experiential aspects of
emotion are related with medial prefrontal and orbitofrontal
cortices (17) which have dense connection to hypothalamus.
The present study suggests the relation between experiential
aspects of laughter and NKCA and NKCA elevation. It might
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be postulated that the activities of brain regions related with
pleasantness should affect hypothalamic activities, which could
regulate systemic immune function via autonomic nervous
system and/or hypothalamus-pituitary-adrenal axis.

Although our results demonstrated NKCA elevation by
laughter in the short-term experimental environment, it is still
unclear whether the immunological effect of laughter persists
for a long period and whether laughter has actual preventive
and curative effects on viral infection. cancer and chronic
fatigue syndrome (CFS) in which NK cell is believed to play
an important role. Reportedly, psychological intervention to
the patients with breast cancer significantly improved the
survival period (18). Another study reported that psychotherapy
to the patients with malignant melanoma significantly elevated
NKCA after 6 months (19). These lines of evidence support
the idea that psychological intervention to cancer by laughter
could be effective. CFS is currently an operational concept to
clarify the unknown etiology of the syndrome characterized
primarily by chronic fatigue. The characteristic symptoms of
CFES are: prolonged generalized fatigue, muscle weakness,
myalgia and postexerertional malaise. It is well known that
most patients with CFES have a deterioration of NKCA (20),
and so CFS has been referred to as low NK syndrome
(LNKS) (21). Since LNKS seems to be related to the
pathophysiology of CFS, much attention has been paid to
how to treat LNKS. Chinese herbal medicine is frequently
used to elevate NKCA in Japan. The improvement of NKCA
was found in some of patients with CFS after this
administration, but it is not enough. If laughter is effective in
elevating NKCA in these patients, it will be a novel
intervention for CFS available in daily life. Our preliminary
examination in the same protocol revealed NKCA elevation
in 4 of the 8 patients with CFS. We expect that laughter is
effective for activating NKCA not only in normal human
volunteers but also in some patients with CFS.

In the future, well-designed prospective studies are needed
to verify the hypothesis that laughter has preferable effects on
various diseases like cancer, viral infection and CFS via NKCA
elevation.

Acknowledgements

The present study was supported in part by a grant and by the
Special Coordination Funds for Promoting Science and
Technology from the Ministry of Education, Culture, Sports,
Science and Technology, the Japanese Government.

References

1. Kronfol Z and Remick DG: Cytokines and the brain:
tmplications for clinical psychiatry. Am J Psychiat 157: 683-
694, 2000.

2. Dopp JM, Miller GE, Myers HF and Fahey JL: Increased natural
killer-cell mobilization and cytotoxicity during marital conflict.
Brain Behav Immun 14: 10-26, 2000.

3. Darwin C: In: The expression of the emotions in human and
animals. Philosophical Library, New York, 1955.

4. Norman C: Anatomy of illness (As perceived by the patient). N
Eng J Med 23: 1458-1463, 1976.

5. Berk LS, Tan SA, Napier BJ and Eby WC: Eustress of mirthful
laughter modifies natural killer cell activity. Clin Res 37: 115A,
1989.



650

6.

10.

11.

12,

13.

Berk LS, Felten DL, Tan SA, Bittman BB and Westengard I:
Modulation of neuroimmune parameters during the eustress of
humor-associated mirthful laughter. Altern Ther Health Med 7:
62-72, 74-76, 2001.

. Gatti G, Del-Ponte D, Cavallo R, et al: Circadian changes in

human natural killer-cell activity. Prog Clin Biol Res 227:
399-409, 1987.

. Fridlund AJ and Cacioppo JT: Guidelines for human

electromyographic research. Psychophysiology 23: 567-589,
1986.

. Ekman P, Davidson RJ and Friesen WV: The Duchenne smile:

emotional expression and brain physiology I1. J Pers Soc Psychol
58: 342-353, 1990.

Michael M, Jos L, Eduard S, Carine V and Eugene B: Absolute
number and percentage of circulating natural killer, non-MHC-
restricted T cytotoxic, and phagocytic cells in unipolar depression.
Biol Psychiat 29: 157-163, 1994.

Kay HD and Horwitz DA: Evidence by reactivity with
hybridoma antibodies for a probable myeloid origin of peri-
pheral blood cells active in nature cytotoxicity and antibody-
dependent cell-mediated cytotoxicity. J Clin Invest 66: 847-851,
1980.

Iwase M, Yamashita K, Takahashi K, er al/: Diminished facial
expression despite the existence of pleasant emotional experience
in schizophrenia. Methods Find Exp Clin Pharmacol 21: 189-194,
1999.

Kamei T, Kumano H and Masumura S: Changes of immuno-
regulatory cells associated with psychological stress and humor.
Percept Mot Skills 84: 1296-1298, 1997.

14.

15.

16.

17.
18.

19.

20.

21.

TAKAHASHI! et al: NATURAL KILLER CELL ACTIVITY INDUCED BY LAUGHTER

Landmann R, Muller FB, Perini CH, Wesp M, Erne P and
Buhler FR: Changes of immunoregulatory cells induced by
psychological and physical stress: relationship to plasma
catecholamines. Clin Exp Immunol 58: 127-135, 1984.

Kappel M, Tvede N, Galbo H, er al: Evidence that the effect of
physical exercise on NK cell activity is mediated by epinephrine.
I Appl Physiol 70: 2530-2534, 1991.

Berk LS, Tan SA, Fry WF, et al: Neuroendocrine and stress
hormone changes during mirthful laughter. Am J Med Sci 298:
390-396, 1989.

Ledoux JE: Emotion circuits in the brain. Annu Rev Neurosci
23: 155-184, 2000.

Spiegel D, Bloom JR, Kraemer HC and Gottheil E: Effect of
psychosocial treatment on survival of patients with metastatic
breast cancer. Lancet 14: 888-891, 1989. .
Fawzy FI, Kemeny ME, Fawzy NW, Elashoff R, Morton D,
Cousins N and Fahey JL: A structured psychiatric intervention
for cancer patients. II. Changes over time in immunological
measures. Arch Gen Psychiatry 47: 729-735, 1990.

Caligiuri M, Murray C, Buchwald D, Levine H, Cheney P,
Peterson D, Komaroff AL and Ritz J: Phenotypic and functional
deficiency of natural killer cells in patients with chronic fatigue
syndrome. J Immunol 139: 3306-3313, 1987.

Aoki T, Miyakoshi H, Usuda Y and Herberman RM: Low NK
syndrome and its relationship to chronic fatigue syndrome. Clin
Immunol Imunopathol 69: 253-265, 1993. ‘



Methods Find Exp Clin Pharmacol 1999, 21(3): 189-194
Copyright © 1999 Prous Science
CCC: 0379-0355/99

Diminished Facial Expression Despite the Existence of Pleasant
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SUMMARY

In order to investigate the relationship between pleasant emotional experience and facial expression (i.e., laughter), mood before and after watch-
ing comic film clips, self-rated pleasant emotional experience for each film clip and electromyographic activities of facial muscles involved in laugh-
ter while watching film clips were measured for 25 patients with schizophrenia and 20 normal controls. Patients with schizophrenia who showed a
significant correlation between self-rated emotional experience and major zygomatic activity were equivalent to normal controls in self-rated emo-
tional experience and in mood after film clips; they had a significant increase in mood scores related with pleasure. Although these patients were
thought to have sufficient pleasant emotional experience, they showed significantly low major zygomatic activity as compared to normal controls. It
is suggested that these patients have a disturbance in the process of emotional expression rather than emotional experience. ©1999 Prous Science. All rights

reserved.

Key words: Schizophrenia - Emotion - Subjective experience - Facial expression - Laughter - Electromyogram

INTRODUCTION

Schizophrenia is one of the major psychiatric disor-
ders, which exhibits hallucination and delusion as well as
various disturbances in emotion. Classically, emotional
disturbances in schizophrenia include diminished facial
expression, curious facial expression such as grimace, a
silly smile, inappropriate affect, ambivalence, anhedonia,
poor rapport, efc.

Emotion comprises the processes of cognition, expe-
rience and expression (1), and it is unclear which process
of emotion is disturbed in schizophrenia. Emotional dis-
turbance in schizophrenia is usually evaluated with
behavioral symptoms which are observed objectively.
While aspects of emotional experience have been
neglected due to the uncertainty of its measurement, they
should not be avoided in order to clarify emotional dis-
turbance in schizophrenia. Recent reports focusing on
emotional experience in schizophrenia were in agree-
ment with the result that patients with schizophrenia
showed diminished facial expression although their self-
reported emotional experience was equivalent to that of
normal controls (2-5).

On the other hand, abnormal self-monitoring is sup-
posed to be one of the major cognitive disturbances

which underlies positive symptoms (6). This suggests
that self-rated emotional experience in schizophrenia
might be unreliable.

In order to reduce the problems encountered in previ-
ous studies, the following strategies were undertaken to
investigate the relationship between emotional experi-
ence and facial expression. First, we chose pleasant
laughter as the target emotion. The expression pattern of
laughter is robust compared to other emotions therefore
making it a favorable emotion for quantitative measure-
ment and major zygomatic activity can be used as an
indicator of laughter. Moreover, laughter is easily
induced by watching comic film clips and the condition
of presenting emotional stimuli can be set constant
through use of the film clip method. Second, facial mus-
cle electromyograms were used in order to measure
facial expression quantitatively. Thirdly, mood before
and after emotional stimuli was measured with a stan-
dardized mood scale. If the mood scales related with
pleasure was elevated, the existence of a pleasant emo-
tional experience would be suggested. Fourthly, multiple
stimuli were used in order to vary the intensities of
induced emotional experience. Correlation coefficient
between self-rated emotional experience and facial
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expression was calculated. If subjects had sufficient
emotional experience and accuracy in self rating, there
should be significant correlation between the self-rated
experience and the expression measured objectively.

There are few studies on laughter in schizophrenia.
Tanaka (7) and Kawasaki (8) reported diminished
expression of laughter in schizophrenics while watching
comic film clips. Yamashita et al. reported the similarity
between the laughter of schizophrenia with inappropriate
affect and compulsive laughter in patients with organic
brain damage (9). In the Azuma’s study on silly smile in
schizophrenia, he interviewed patients immediately after
the silly smile was observed and reported that inner expe-
rience during silly smile was usually incomprehensible
(10).

The reports of Yamashita et al. and Azuma indicate
that expression of laughter could occur without pleasant
emotional experience. Their reports suggest disjunction
between emotional experience and emotional expression
in schizophrenia. The purpose of the present study was to
clarify the relationship between emotional experience
and expression in schizophrenia, emphasizing both the
emotional experience and emotional expression with
improvement in the measurement of experience and
expression

MATERIALS AND METHODS

Subjects

Twenty-five patients (11 males, 14 females), meeting
the DSM-IV criteria (11) for schizophrenia, were recruit-
ed from the outpatients attending Osaka University
Hospital Department of Neuropsychiatry or inpatients in
the neuropsychiatric ward of the hospital. All patients
were clinically stable and mild in symptoms.
Demographic and clinical data of the patients were as
follows (mean + SD): age = 27.4 £+ 5.3 years old; educa-
tion = 13.6 £ 1.5 years; medication = 577 + 523 mg/day
chlorpromazine equivalent dose; age of onset = 21.8 +
3.8 years old; duration of illness = 5.6 + 4.1 years; and
number of hospitalizations = 1.3 + 1.5 times. Twenty
individuals (10 males, 10 females) without any psychi-
atric episodes were recruited as normal controls.
Demographic data of normal controls were as follows
(mean + SD): age = 26.1 + 3.7 years old; education =
14.7 + 2.0 years. All subjects gave informed consent.

Procedures

The subject was comfortably seated alone in a silent,
electrically shielded room. A 14-inch TV monitor was
installed in front of the subject at a distance of approxi-
mately 2 m. Twenty comic film clips were edited on a
video tape and presented on the TV monitor with each
film clip lasting 63 to 103 seconds. The total time of film
clip stimuli was 1553 sec. The video tape was stopped at

the end of each film clip and the subject was asked to rate
the pleasant emotional experience for each of the former
10 film clips using a visual analogue scale with 10-point
anchors (emotional experience monitoring task). For
each of the latter 10 film clips, the subject was asked to
rate the amount of facial expression (laughter), using the
same visual analogue scale (expression monitoring task),
The subject was instructed that zero point signified no
pleasant experience or laughter and 10 points indicated
the maximum level of pleasant experience or laughter in
life. The subject was instructed that rating for a film clip
should be done after the video tape was stopped and that
the same rating score should not be used in the same task.
Both tasks were undertaken in the reverse order not to
produce an order effect.

Laughter occurring while watching the comic film
clips was measured with a facial muscle electromyo-
gram. Silver/silver-chloride surface electrodes were
placed on the major zygomatic muscle, outer portion of
orbicular muscle and corrugator muscle in a bipolar con-
figuration in the left side of the face using the placement
suggested by Cacioppo and Fridlund (12). Electromyo-
grams were recorded with multipurpose electroen-
cephalograph (1A64, San-ei) and digitized at 200 Hz
with data recorder (DR-M3a, TEAC). The time constant
was 30 msec.

Mood was measured with the Profiles of Mood State
(POMS), Japanese edition (13), before and after watch-
ing the comic film clips. POMS have 6 scales which rep-
resent tension-anxiety, depression, anger-hostility, vigor,
fatigue and confusion. Change of mood was defined as
the difference of score before and after the film clips.

Symptom evaluation

Clinical symptoms in patients with schizophrenia
were evaluated with the Positive and Negative Syndrome
Scale (PANSS) (14) and the Scale for the Assessment of
Negative Symptoms (SANS) (15). Neuroleptic-induced
extrapyramidal symptoms were assessed with the Drug-
Induced Extrapyramidal Symptom Scale (DIEPSS) (16).
Semi-structured interviews for approximately 1 h were
undertaken by 2 psychiatrists to evaluate clinical symp-
toms. Factor analysis was performed for PANSS sub-
scales using a 5-factor model (17). The PANSS subscale
scores were transformed to the 5 factor scores and
PANSS factor scores were used in further statistical
analysis.

Data analysis

Facial muscle activities were quantified as follows.
Electromyogram during a film clip were digitally record-
ed and analyzed on a PC-AT compatible computer using
DaDisp ver 4.0. Two envelope curves were drawn over
and under the waveform of electromyogram. The area
bound by two envelope curves was computed. This area
divided by the duration of the film clip corresponded to
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FIG 1. Task performance of a patient with schizophrenia. One dot corresponds to a comic film clip. The patient showed significant correlation in the
emotional experience task (A) and was classified into the significant group in this task although significant correlation was lost in the expression mon-

itoring task (B).

the average muscle discharge during the film clip (mcV).
The average values of muscle discharges in three facial
muscles were calculated for each of the 20 film clips.
Zygomatic muscle activity was considered the amount of
laughter since it a major component of laughter (18).

In the emotional experience monitoring task, the cor-
relation coefficient between self ratings of pleasant emo-
tional experience and zygomatic muscle activities
(amount of laughter) was calculated. In expression mon-
itoring task, the correlation coefficient between self rat-
ings of facial expression and zygomatic muscle activities
was calculated. In each of the 2 tasks, subjects were
divided into 2 groups according to whether a significant
correlation was found or not. The subjects with signifi-
cant correlation were classified as the “significant” sub-
group while subjects without significant correlation were
classified as the ‘“nonsignificant” subgroup. Figure 1
shows an example of a patient with schizophrenia. This
patient was classified in the significant subgroup in emo-
tional experience task and in the nonsignificant subgroup
in expression monitoring task. Self-rated pleasant emo-
tional experience, mood before and after experiments,
average muscle activity of 3 facial muscles, age and edu-
cation were compared in the normal controls and 2 sub-
groups of schizophrenia patients. Clinical symptoms,
medication, age of onset, duration of illness and number
of hospitalizations were compared in the 2 subgroups in
schizophrenia.

Statistical analysis

The results were analyzed using Student’s ¢-test when
comparing 2 groups and by parametric one-way analysis
of variance (ANOVA) when comparing 3 groups. Further
statistical analysis for post hoc comparison was per-
formed using Bonferroni’s multiple comparison test

(two-tailed). Peason’s correlation coefficient was esti-
mated in both monitoring tasks using the significance
level of 0.05 (two-tailed).

RESULTS

Self-rated emotional experience, mood,
and facial expression

Self-rated pleasant emotional experience, mood
before and after watching the comic film clips and facial
muscle activities of normal controls and patients with
schizophrenia are described in Table 1. Self-rated emo-
tional experience was a mean of ratings for the 20 film
clips. There was no significant difference in self-rated
emotional experience between normal controls and
patients with schizophrenia. Before watching film clips,
patients with schizophrenia were in a significantly
unpleasant mood state in the 5 scales of POMS, that is,
tension-anxiety (t[43] = 3.06, p < 0.01), depression
(t[43] = 3.68, p < 0.01), anger-hostility (t[38] = 3.25,
p < 0.01], vigor (t[43] = 2.26, p < 0.05) and fatigue scale
(t[43] = 3.50, p < 0.01), compared to normal controls.
After the film clips, patients with schizophrenia showed
significantly unpleasant mood states in the scales of ten-
sion-anxiety (t[43] = 2.70, p < 0.01), depression (t[43] =
2.38, p < 0.05) and anger-hostility (t[29] = 3.15,
p <0.01). Significant mood changes were observed in the
scales of tension-anxiety (t[19] = 2.55, p < 0.05), anger-
hostility (t[19] = 3.12, p < 0.01) and confusion in normal
controls. In patients with schizophrenia, significant
mood changes were observed in all the scales (tension-
anxiety: t[24] = 2.07; depression: t[24] = 3.87, p < 0.001;
anger-hostility: t[24] =2.92, p < 0.01; vigor: t[24] = 2.52,
p < 0.05; fatigue: t[24] = 2.44, p < 0.05; confusion:
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TABLE 1. Self-rated pleasant emotional experience, mood scores by POMS and electromyogram activities while watching comic film clips.

Control Schizophrenia 14
Self-rated experience 44212 47+19 NS
POMS before film
tension-anxiety 46.6+7.1 54.1+88 < 0.01
depression 48.7 £ 8.0 59.1 £ 10.0 <0.001
anger-hostility 43.1+49 502+9.1 <0.01
vigor 50.6 + 8.3 440+ 10.2 <0.05
fatigue 41.7+78 50.8 9.0 <0.01
confusion 513+11.7 56.7+9.7 NS
POMS after film
tension-anxiety 42.7+89 51.0+11.1 < 0.01
depression 467179 538+ 11.1 <0.05
anger-hostility 402+28 46.7+9.6 <0.01
vigor 51.9+9.0 47.0+10.9 NS
fatigue 425+9.0 473 £ 104 NS
confusion 47.3 £10.2 53.6x11.8 NS
Mood change
tension-anxiety -3.9+6.7*% -3.1 £ 7.3% NS
depression 2167 -5.2 +£ 6.6%** NS
anger-hostility -3.0 £ 4.1%% -3.5 £ 5.8%* NS
vigor 1.3+£9.0 29+ 5.7% NS
fatigue 0.8+£9.2 35+£7.1% NS
confusion -4.0 £ 6.6*% 3.0 £7.0% NS
EMG(uV)
zygomatic 16.6 +13.4 7.6+5.1 0.005
orbicular 129 £ 10.0 11.0£59 NS
corrugator 73+64 6.3+49 NS

Mean + SD. EMG: electromyogram; NS: not significant; asterisks: significant mood change between before and after film clips, *p < 0.05, **p < 0.01,

***p <0.001, paired z-test

t[24] = 2.14, p < 0.05). All significant mood changes
were in the direction of mood improvement into pleasant
state.

In facial muscle activities, zygomatic activities of
patients with schizophrenia were significantly lower than
those of normal controls (t[24] = 2.80, p < 0.01). Neither
orbicular nor corrugator activities had significant differ-
ences in both groups.

Clinical symptoms and drug-induced
extrapyramidal symptoms

PANSS scores in patients with schizophrenia were as
follows (mean + SD): positive scale (11.2 + 4.6), nega-
tive scale (15.8 + 5.3), composite scale (-4.7 + 6.8), gen-
eral psychopathology scale (29.2 = 6.3). SANS scores
were as follows (mean + SD): affective flattening or
blunting (10.0 £ 6.1), alogia (4.5 + 2.9), avolition-apathy
(9.7 £ 3.3), anhedonia-asociality (10.4 * 4.1), attention
impairment (5.8 * 3.5), summary score (9.6 + 2.3), com-
posite score (40.4 = 13.6).

Factor analysis of PANSS items extracted 5 factors
which were named negative, positive, excitement, cogni-
tive and depression, respectively. This result was almost
consistent with the 5-factor model of PANSS reported by
Lindenmayer et al. (17).

Drug-induced extrapyramidal symptoms in patients
with schizophrenia were minimal (overall severity of
DIEPPS: 1.0 + 0.6, mean + SD).

Differences between two subgroups in schizophrenia
divided by task performance

Figure 2 indicates the correlation coefficients of both
tasks in normal controls (A) and in patients with schizo-
phrenia (B). The numbers of subjects classified in the
significant subgroup in both tasks, in the emotional expe-
rience monitoring task and in the expression monitoring
task or in the nonsignificant subgroup in both tasks were
14, 3, 2 and 1 in normal controls, and 8, 5, 6 and 5 in
patients with schizophrenia, respectively.

Table 2 indicates the items with significant difference
between normal controls and the two subgroups in schiz-
ophrenia. Only items with significant difference were
displayed.

In the emotional experience monitoring task, the
significant subgroup in schizophrenia and normal
controls had greater scores of vigor after the film clips
as compared to the nonsignificant subgroup in schizo-
phrenia (F[2,42] = 5.76, p < 0.01). The significant sub-
group showed an elevated mood score in vigor scale
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FIG 2. Correlation coefficients in two monitoring tasks in normal controls (A) and patients with schizophrenia (B). Each dot corresponds to a subject.
In normal controls, most subjects were distributed in the right upper area where two correlation coefficients reach a level of significance. Patients with

schizophrenia were widely distributed throughout the graph.

Table 2. Items which show significant differences between controls and the two schizophrenic groups divided by task performance.

Emotional experience monitoring task

Control Significant* Nonsignificant** P
POMS after film
vigor 51.9+9.0 524 £ 105 41.2+8.0 <0.01
Expression monitoring task
Significant* Nonsignificant** p
Hospitalization 0.71 £ 0.80 2.00 + 1.81 < 0.05

Mean + SD. *significant subgroup in schizophrenia; **nonsignificant subgroup in schizophrenia.

(t[12] = 2.31, p <0.05]. No significant differences were
observed in other mood scales, self-rated emotional
experience, electromyogram activities and clinical symp-
toms.

In the expression monitoring task, the nonsignificant
subgroup showed a significantly greater number of hos-
pitalizations as compared to the significant subgroup
(t[13] = 2.24, p < 0.05). No significant differences were
noted in other items.

DISCUSSION

In the present study, patients with comparably mild
symptoms and capable of understanding and performing
tasks were enrolled due to complexities of the required
tasks. Clinical symptoms evaluated with PANSS and
SANS showed that subjects in the present study were
mild in symptoms. Silly smile was not observed in the
present study, which shows that the results obtained are
not affected by inappropnate affect. Mood in both nor-
mal controls and patients with schizophrenia was

improved by watching the comic film clips and the
mood-improving effect was equivalent in both groups
demonstrating that the stimuli used in the present study
were appropriate.

Although attention deficit and disorder of working
memory, known to be major cognitive impairments in
schizophrenia, may be confounding factors in the present
study, these dysfunctions probably disturbed the perfor-
mance of both tasks. In the present study, only a small
number of subjects were classified in the nonsignificant
subgroup in both tasks. These impairments therefore
would not explain the subjects classified as the signifi-
cant subgroup in only one task. The results of the present
study could be considered as not due to cognitive
impairments but instead, reflecting emotional distur-
bance in patients with schizophrenia.

The important feature of the present study was to
indicate the existence of emotional experience with high-
er reliability as compared to previous studies by assess-
ing the inner experience in the point of view of self-rated
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emotional experience, correlation between self-rated
emotional experience and facial expression and mood
changes by watching comic film clips. In the emotional
experience monitoring task, self-rated emotional experi-
ence of the significant subgroup in schizophrenia was
equivalent to that of normal controls. This subgroup
showed a significant correlation between emotional
experience and the amount of laughter suggesting the
existence of sufficient emotional experience and accura-
cy in self rating; significantly elevated vigor scales in
POMS supports the existence of emotional experience in
this subgroup. These results suggest that the significant
subgroup in emotional experience monitoring task was
equivalent to normal subjects in pleasant emotional expe-
rience, whereas this subgroup showed a significantly
lower amount of laughter as compared to normal con-
trols. Thus, low facial expressivity in this subgroup in
schizophrenia was interpreted as emotional expression
disturbance despite the existence of emotional experi-
ence.

The relationship between emotional experience and
facial expression in the nonsignificant subgroup in the
emotional experience monitoring task cannot be easily
explained. One possibility is that self-rated emotional
experience was not accurate in this subgroup. Another
possibility is that no sufficient emotional experience
occurred or that emotional experience and facial expres-
sion act independently even if self rating is accurate. No
vigor change was observed in this subgroup suggesting
that emotional experience was not sufficient. However,
this subgroup included subjects classified into the non-
significant subgroup in both tasks who might have cog-
nitive impairments other than emotional disturbances.
These possibilities are not exclusive of each other. The
reasons this subgroup had no correlation between experi-
ence and expression were probably multiple and complex
and thus cannot be easily discussed.

In the expression monitoring task, the nonsignificant
subgroup showed a significantly greater number of hos-
pitalizations as compared to the significant group. As a
feature of the expression monitoring task, subjects mon-
itor their own facial expressions without visual feedback.
No significant correlation between self-monitored facial
expression and objectively observed facial expression
indicates impaired self-monitoring to self-generated
behavior. A relationship between the tendency to relapse
and impaired self-monitoring may be evident.

It is known that neuroleptics exhibit extrapyramidal
symptoms including diminished facial expression. In the
present study, patients with schizophrenia exhibited only
minimal extrapyramidal symptoms assessed with
DIEPSS. There was no significant correlation between
electromyogram activities and chlorpromazine equiva-
lent dose. Kring et al. reported diminished facial expres-
ston in medication-free patients with schizophrenia (3).
In addition, diminished facial expression had already

been observed in the era of Kraepelin and Breuler, long
before neuroleptics were recognized in the treatment of
psychiatric disorders. Thus, taking into account these
previous observations, the results from the present study
can be considered as not due to the side effects of neu-
roleptics.
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