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Abstract

Objectives Salivary chromogranin A (CgA) levels and

salivary flow rates were measured to evaluate the stress

relief effect of laughter on the young and the elderly.

Methods Thirty healthy volunteers (15 aged 20–25 years;

15 aged 62–83 years) performed a serial arithmetic task for

15 min and then watched a comedy video for 30 min. On a

different day, as a control, they watched a non-humorous

video after performing a task similar to the first one. Saliva

samples were collected immediately before and after the

arithmetic task, 30 min after completing the task (imme-

diately after watching the film), and 30 min after watching

the film (60 min after completing mental task). Salivary

CgA levels were determined by enzyme-linked immuno-

sorbent assay.

Results In the elderly group, salivary flow rates, which

had declined by the end of the arithmetic task, were sta-

tistically significantly higher after watching the comedy

video. In the young group, salivary CgA levels, which had

increased by the end of the task, had statistically signifi-

cantly declined after watching the comedy video. No such

post-task changes were apparent in control results; in the

young group, there was a statistically significant interpro-

tocol difference in salivary CgA levels.

Conclusions These findings suggest that laughter may

relieve stress, particularly in the young people.

Keywords Chromogranin A � Laughter � Salivary flow

rates � Stress � The elderly

Introduction

Since ancient times, many observations of the effect of

laughter have been taken as empirical evidence supporting

the notion that laughter can have positive effects on human

health. More recently, it has been possible to scientifically

investigate the physiological changes associated with

laughter. Several studies have reported elevated natural

killer cell activity and reduced serum cortisol levels after

watching comedy videos [1–4], suggesting that laughter

relieves stress. These measurements, however, were made

on blood samples. To the best of our knowledge, the effects

of laughter on different age groups have not been studied.

Consequently, we have investigated the effects of laughter

on salivary chromogranin A (CgA) and salivary flow rates

and whether age affects these effects.

Saliva collection is a convenient, noninvasive, and rel-

atively nonstressful sampling method. It is possible to

assay for CgA, an acidic glucoprotein that is released along

with catecholamines from the adrenal medulla and the

sympathetic nerve endings [5–7] and, according to a recent

report, CgA is also produced by human submandibular

glands and secreted into saliva [8]. Because salivary CgA

reflects sympathetic activity, salivary CgA measurement is

becoming an established means of evaluating stress [9, 10].

At the same time, since fibers of the parasympathetic

nervous system also innervate the salivary glands and

stimulate salivary flow rates [11], it has also been
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suggested that salivary flow rates may reflect stress reac-

tions [12, 13].

Materials and methods

This study was conducted as a part of the project ‘‘Pro-

moting mental health and longevity for people in Fukui

Prefecture’’. After receiving the approval of the institute’s

review board, we enrolled 15 young (aged 20–25 years)

and 15 elderly (aged 62–83 years) healthy volunteers

residing in Fukui Prefecture, Japan. Each group comprised

seven males and eight females. None reported the regular

use of any medication known to affect saliva secretion.

Prior to the study, written informed consent was received

from each participant.

On different days, the study participants performed a

‘‘stressing’’ mental activity, immediately followed by

watching either a film/TV comedy show (test situation) or a

non-humorous video (landscape scenes; control situation)

for 30 min. The comedy shows were selected for their

appropriateness/popularity for each age group. Before the

video was shown, the participants performed the Uchida–

Kraepelin test [14, 15], which is a serial arithmetic task, for

15 min. Several psychophysiological studies have used this

test as a mental stressor [16–18]. As Fig. 1 shows, saliva

samples were collected immediately before and after the

arithmetic task, 30 min after completion of the test

(immediately after watching the film), and 30 min after

watching the film (60 min after completing stressing

mental test). The comedy video protocol was conducted

first, followed just 1 week later by the control protocol. To

minimize the effects of circadian variation, the protocols

took place in the afternoon [19].

Saliva samples were collected using the Salivette sys-

tem (Sarstedt Co, Nümbrecht, Germany). In this system,

subjects keep cotton wads in their mouths (for 2 min) and

saliva samples are later extracted from the cotton wads by

centrifugation (at 3,000 rpm for 15 min). Samples are

then stored at -80 �C until assayed. Salivary CgA levels

were evaluated using an enzyme-linked immunosorbent

assay (ELISA) following a previously described method

[20].

Prior to beginning the experiment, the 30 participants

were asked to complete a written questionnaire that enabled

the following eight lifestyle items to be evaluated according

to the Health Practice Index (HPI) [21]: smoking habits;

drinking habits; daily consumption of breakfast; appropriate

daily duration of sleep and work; regular physical activity;

appropriate levels of subjective stress; nutritionally bal-

anced diet. In addition, mood status immediately before and

after watching the video was measured using a face scale,

which comprised five different facial expressions, with

scoring from 0 (very unpleasant) to 4 (very pleasant). The

reliability and validity of this scale have been confirmed

[22].

Values were normalized as percentages of the baseline

(before the arithmetic task). Student’s paired t test was

performed to detect interprotocol differences, and analysis

of variance (ANOVA) with repeated measures were per-

formed to detect time-related differences. Bonferroni’s test

was used for multiple comparisons. Chi-square testing was

performed to compare the responses to each HPI item

between age or gender groups. Scores for the face scale

were analyzed using the non-parametric Wilcoxon mat-

ched-pairs signed-ranks test. Values were considered to be

significantly different at p \ 0.05.

Results

Chi-square results revealed a significant age difference for

daily consumption of breakfast (p \ 0.01) (Table 1), with

more of the elderly group reporting that they eat breakfast

every morning. No such difference was apparent for other

HPI items. In addition, in neither the young nor the elderly

group were significant gender differences apparent for any

particular HPI items.

People in the elderly group had statistically significantly

lower salivary flow rates immediately after performing the

arithmetic task (protocol 15 min) than before the task

(protocol 0 min) (p \ 0.05) (Fig. 2). In addition, statisti-

cally significantly higher salivary flow rates were detected

at 30 min (protocol 45 min) and 60 min (protocol 75 min)

after the task compared to immediately after the task

(p \ 0.05). In contrast, the elderly group showed no such

change during the control protocol. At 30 min or 60 min

after the task, however, there was no statistically significant

difference in normalized salivary flow rates between the

comedy video protocol and the control protocol. In the

(min) 6030150 7545
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Fig. 1 Study protocol
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young group, no statistically significant changes in salivary

flow rates were detected during either the comedy video

protocol or the control protocol.

In the comedy video protocol, levels of salivary CgA

were statistically significantly lower in samples taken from

the young group at 60 min after completion of the mental

task than in those taken immediately after the task

(p \ 0.05) (Fig. 3). At 60 min after the task, normalized

salivary CgA levels were statistically significantly lower in

the comedy video protocol than in the control protocol

(p \ 0.05). In comparison, during the control protocol, the

young group showed statistically significantly higher CgA

levels immediately after the task compared to before the

task (p \ 0.05). In the elderly group, no statistically sig-

nificant changes in salivary CgA levels were detected

during either the comedy video protocol or the control

protocol.

Feelings of pleasantness, evaluated using a face scale,

increased significantly in both age groups after watching

the comedy video (Fig. 4). Before and after watching the

control film, there was no such change in either group.

No gender differences in salivary parameters or mood

status were apparent for either the young or the elderly

group.

Discussion

The major findings of this study are (1) laughter, particu-

larly in young people, may relieve stress and (2) stress

reactions appear to be better reflected in young adults by

salivary CgA levels and in elderly people by salivary flow

rates.

Changes in salivary flow rates were more pronounced in

the elderly group than in the young group. During the

comedy video protocol, there was a significant decrease in

salivary flow rates after the arithmetic task, which may

have resulted from tension and uneasy emotional states

[12]. Another study has also reported that a computer task

caused a greater change in the salivary flow rates in elderly

women than in young women [23]. Such findings suggest

that salivary flow rates in elderly people may more sensi-

tively reflect stress reactions. There was also a significant

difference in eating breakfast each morning between the

two age groups. In a previous study, we found that, prob-

ably due to increased frequency of mastication, the

responsivity of salivary secretion is enhanced in individu-

als who eat breakfast every morning [24]. This finding may

be relevant to the present findings. During the control

protocol, however, no change was apparent in the elderly

Table 1 Percentage of respondents with high scores for preferable

lifestyle habits

Positive lifestyle

factors

Young

group (%)

(n = 15)

Elderly

group (%)

(n = 15)

Chi-

square

p value

Smoking habits (not

smoking)

93.3 100 1.03 1.000

Drinking habits (not

consuming alcohol

daily)

100 86.7 2.14 0.483

Consumption of

breakfast (daily)

46.7 100 10.91 0.002

Duration of sleep

(7–8 h per night)

33.3 60.0 2.14 0.272

Duration of work

(\10 h per day)

66.7 100 3.02 0.135

Physical activity

(exercising twice a

week or more)

73.3 83.3 0.39 0.662

Subjective stress

(keeping stress levels

low)

80.0 100 3.33 0.224

Nutritional balance

(eating a

nutritionally

balanced diet)

6.7 26.7 2.16 0.330
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Fig. 2 Mean values

[± standard deviation (SD)]

normalized as percentage of the

baseline (0 min) value for

salivary flow rates during the

comic film protocol (filled
circles, solid line, n = 15) and

the control protocol (open
circles, dashed line, n = 15).

Statistically significant

difference compared with
�0 min and �15 min; p \ 0.05

[repeated measures analysis of

variance (ANOVA) and

Bonferroni’s test]
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group, possibly due to the experimental design. The com-

edy video protocol was conducted first, followed just 1

week later by the control protocol. In the second protocol,

therefore, familiarity may have decreased the tension and

uneasiness experienced in the previous protocol. This

problem should be resolved in future studies. There was a

statistically significant increase, however, in salivary flow

rates after watching the comedy video, while there was no

such change after watching the control film. These findings

suggest that laughter does relieve stress. This hypothesis is

supported by improvements in self-reported mood status

after the comedy video. Even so, at each sampling point

after the participants had watched the video, no interpro-

tocol difference in salivary flow rates was apparent. To

conclusively establish our hypothesis, further studies are

required.

In a previous study of university students aimed at

investigating the subjective perception of stress, we found

statistically significantly increased levels of salivary CgA

after the same type of serial arithmetic task [25]. In the

present study, we also found a statistically significant

increase in salivary CgA levels in samples taken from the

young group after the arithmetic task during the control

protocol. On the other hand, a lack of significant increase in

CgA levels after the task in the young group during the

comedy video protocol may also be associated with the

repetition effect: at the start of the first protocol, they may

have felt more stress. Actually, salivary CgA levels at

baseline were statistically significantly higher in the first

protocol (p \ 0.05) (Table 2). Even so, there was a sig-

nificant decrease in salivary CgA levels after the comedy

video had been watched; in contrast, after watching the
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Fig. 3 Mean values (±SD)

normalized as percentage of the

baseline (0 min) value for

salivary chromogranin A (CgA)

levels in samples taken during

the comic film protocol (open
circles, solid line, n = 15) and

in control samples (filled
circles, dashed line, n = 15).
�, �Statistically significant

difference (p \ 0.05) compared

with 0 and 15 min, respectively

(repeated measures ANOVA

and Bonferroni’s test).

*Statistically significantly

different (p \ 0.05) from the

control protocol (Student’s

paired t test)
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Fig. 4 Changes in mood status after watching the comic film (gray
box, n = 15) and the non-humorous control film (non-shaded box,

n = 15). Line inside of the box-plot Median value, lower, upper
regions of the box lower, upper quartiles, respectively, lower, upper

horizontal lines outside of the box smallest and largest observations,

respectively. **, ***Statistically significantly different from ‘‘before

watching film’’ at p \ 0.01 and p \ 0.001, respectively (Wilcoxon

matched-pairs signed-ranks test)
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control film, there was no such change. Furthermore, in

samples taken after the participants had watched the video,

we detected a statistically significant interprotocol differ-

ence in normalized salivary CgA levels. These findings

suggest that laughter does indeed relieve stress. This

hypothesis is supported by improvements in self-reported

mood status after the comedy video. Incidentally, the

elderly group showed similar trends to the young group,

but these were not statistically significant, possibly sug-

gesting a decreased CgA reactivity in elderly people. Since

sympathetic activity is augmented with aging [26], salivary

CgA in the elderly group may normally be maintained at

high levels. A previous study has also reported, both before

and during endoscopy, that salivary CgA levels were sig-

nificantly higher in an elderly group than in a young group

and that after endoscope insertion, decreases were statis-

tically significantly larger in the young group [27].

This research has several limitations. First, as mentioned

in this discussion, there was the methodological problem.

The order of the experiment should have been randomized

to cancel possible sequential effects. Second, the sample

size was too small to provide conclusive results. Further

examination of larger populations is required. Furthermore,

laughter in our study was unidirectional and passive. It

would also be interesting to investigate the effects of

bidirectional and active laughter, such as that often

occurring in conversation with others.
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