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Abstract 

Background Disorders associated with mental health significantly impact disability-adjusted life year values and rep-
resent an ongoing problem in stressed societies. Worsening mental health also affects cognitive function and quality 
of life. Increasing attention has thus been attracted to preventive measures for mental and brain health in daily life. 
This has created a growing interest in care using laughter. This study assessed the effects of a short-term, laughter-
based intervention on the mental health and cognitive functions of middle-aged adults.

Methods The study applied a single-blind, crossover-controlled trial design. Cognitive tasks (e.g., digit vigilance) 
were performed after participants viewed a video clip of approximately four minutes (comedic or control video), 
and the resulting scores were treated as the primary endpoint. The secondary endpoints included cerebral blood 
flow in the dorsolateral prefrontal cortex (measured using NIRS), heart rate variability (calculated from ECG), subjective 
mood assessment, and salivary stress biomarkers (e.g., α-amylase activity).

Results The study was conducted on 25 healthy Japanese-speaking adults aged 40 to 65. Results revealed a sig-
nificant increase in digit vigilance scores. Compared to viewing the control video, participants evinced a trend 
toward an increase in serial seven subtraction scores after viewing the comedic video. No significant differences were 
found for other cognitive tasks. The cerebral blood flow was also significantly higher in the dorsolateral prefrontal 
cortex during the cognitive tasks performed after the participants viewed the comedic video compared to the control 
video. The outcomes of heart rate variability, subjective mood state assessment, and salivary stress markers also sug-
gested that the comedic video intervention could subsequently contribute to the activation of parasympathetic 
activity and reduce psychological stress levels.

Conclusions The outcomes indicated that interventions using short comedic videos can improve focus and may 
reduce psychological stress. These results support the clinical benefits of humor, which can be utilized as a simple, 
non-invasive approach to promoting the health of middle-aged adults.

Trial Registration The study was approved by the ethics committee of Kirin Holdings Company (No. 2020–
014) and registered in the University Hospital Medical Information Network (UMIN) database (Registration No. 
UMIN000043332; http:// www. umin. ac. jp/ ctr/) on February 15, 2021.
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Background
Intense competition, along with high-pressure lifestyles 
and social conditions, adversely impact individuals in 
contemporary societies, causing stress and a poor quality 
of life, which have become urgent social problems [1, 2]. 
Mental health exerts a significant impact on the disabil-
ity-adjusted life year values [3]. The deterioration of men-
tal health is also associated with cognitive decline and 
significantly impacts productivity [4, 5]. Chronic mental 
health difficulties can trigger mood disorders like anxiety 
and depression; preventive care is therefore essential for 
addressing problems before they become severe. Given 
this context, recent years have seen a growing interest 
in care using laughter [6]. Laughter therapy is not costly, 
nor does it require specialized equipment, and has thus 
already been introduced in the medical domain in treat-
ment programs without adverse side effects [7, 8]. An 
observational study of 14,233 individuals demonstrated 
an association between infrequent laughter and the 
heightened risk of developing a functional disability [9].

Laughter also contributes to psychosocial and physi-
cal health, and several studies [10–15] have shown that it 
can help alleviate anxiety and depression. Physiologically, 
laughter reduces stress hormones [6, 14] and increases 
T lymphocytes by activating natural killer cells, which 
causes an upsurge in white blood cells and immunoglob-
ulin levels, thus increasing a body’s immunity [15–17]. 
Laughter also lowers blood pressure: it reduces vasocon-
striction through a decrease in the breakdown of nitric 
oxide—a vasorelaxant substance—and raises blood glu-
cose levels by reducing cortisol [14, 18, 19]. Laughter 
therapy is non-invasive, non-pharmacological, and rela-
tively easy to implement; it is thus considered an effective 
complementary treatment that can reduce the intensity 
of many diseases [20] and is expected to improve the 
health of middle-aged adults [21].

However, the extant research has not comprehensively 
tested how positive psychological states achieved from 
brief laughter influence cognitive functioning and stress 
responses. Previous studies [22] have shown that inter-
ventions using comedic videos improve short-term mem-
ory in healthy older people, suggesting that such means 
could improve cognitive functions. Nevertheless, the 
effects of these interventions on cognitive functions (such 
as focused attention and working memory) or the bio-
logical responses of middle-aged people remain unclear. 
The researchers therefore designed an intervention trial 
with middle-aged adults to assess the effects of a brief 

laughter-based intervention on their autonomic nervous 
systems and stress responses and determine the effects 
of autonomic improvement on cognitive functions, pri-
marily attention. The hypothesis was that laughter-based 
interventions would be associated with improved cogni-
tive functions and increased regional cerebral blood flow 
(rCBF) in the dorsolateral prefrontal cortex (DLPFC) 
while performing cognitive tasks. Near-infrared spec-
troscopy (NIRS) was used to measure rCBF during the 
intervention. The DLPFC region of the prefrontal cor-
tex plays an essential role in the executive functions of 
working cognition flexibility [23], planning [24], memory, 
inhibition, and reasoning; it is also crucial for the execu-
tive functions of cognitive process management [25]. In 
addition, changes in salivary stress biomarkers [26–32] 
(cortisol, α-amylase, secretory immunoglobulin A [sIgA], 
and β-endorphin) were measured at every given event 
and autonomic nervous system activity was calculated 
using heart rate variability (HRV) [33] as biometric infor-
mation associated with mood.

Methods
Ethics and registration
This study was conducted following the Declaration of 
Helsinki and Ethical Guidelines for Medical and Health 
Research Involving Human Subjects. It was approved 
by the Kirin Holdings Company ethics committee (No. 
2020–014). Before enrolling participants, the study was 
registered in the University Hospital Medical Infor-
mation Network (UMIN) database (Registration No. 
UMIN000043332, http:// www. umin. ac. jp/ ctr/; Registra-
tion title: Effects of watching videos on brain function: 
A single-blind, crossover comparative study) on Febru-
ary 15, 2021. All participants provided written informed 
consent.

Participants
The researchers recruited 25 healthy middle-aged, Jap-
anese-speaking adults aged between 40 and 65. In a 
previous study [22], the effect of humor on short-term 
memory was reported in 20 healthy older adults. Based 
on this report, an equivalent sample size was directly ref-
erenced for this study. The following exclusion criteria 
were established:

 (i) Suffering from a hearing and/or visual impairment 
that interfered with daily life;

 (ii) Wearing a device that interfered with heart rate 
measurements (e.g., pacemakers);

http://www.umin.ac.jp/ctr/
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 (iii) Developing symptoms of arrhythmia in the past 12 
months.

Intervention
Experimental intervention
The experimental intervention required participants to 
view a sufficiently funny comic dialog video (comedic 
video) of approximately four minutes. The audiovisual 
clip was provided by Yoshimoto Kogyo Holdings Com-
pany, a famous entertainment company in Tokyo, Japan. 
The comedic video was among those offered by the com-
pany, and achieved the highest laughter score recorded 
in the preliminary trial conducted with a small number 
of participants. The comedian in the video has won the 
M-1 Grand Prix, a manzai (traditional Japanese double 
act comedy) competition, and has a widespread, positive 
reputation.

Control intervention
The control intervention made participants view a less 
funny, approximately four-minute-long comic dialog 
video clip (control video) provided by Yoshimoto Kogyo. 
The control video was chosen from among the less funny 
videos selected by Yoshimoto Kogyo and achieved the 
lowest laughter score in the preliminary trial. The come-
dian appearing in the video was not very famous.

After viewing both video clips, participants rated them 
on a questionnaire comprising seven items: funniness, 
frequency of laughter, understanding, sympathy, exciting 
language, enjoyable movement, and tempo. These items 
were defined by broadcasters from Yoshimoto Kogyo 
Holdings Company.

Procedure
A randomized, single-blind, crossover comparative 
design was applied for the experiment. The registered 
participants were alternately allocated to two sequences 
(1 and 2) by the order of their registration to exclude the 
order effect reflective of the experiment’s experience. 
Participants assigned Sequence 1 viewed the comedic 
video as the experimental intervention in Phase 1 and 
the control video as the control intervention in Phase 2. 
The order was reversed for the participants assigned to 
Sequence 2. The interval between Phase 1 and Phase 2 
was > 15 min. Figure 1 presents the examination flow on 
the day of the experiment.

The study sequence allocator and sequence alloca-
tion manager were not involved in assessing eligibil-
ity, data collection, or analysis. The manager stored the 
allocation information in a locked cabinet until the data 
analysis was complete. The research staff and outcome 
assessors left the room while participants watched the 
videos so that they would not know whether they had 
watched the comedic video or the control video. On the 
day of the experiment, the participants were instructed 
to avoid foods and beverages containing caffeine or alco-
hol, excessive exercise, and smoking. They were also 
instructed not to eat or drink anything except water dur-
ing the two hours prior to the intervention. The data were 
collected in April, 2021, in Hamamatsu, Shizuoka Prefec-
ture, Japan. This study was conducted by Kirin Holdings 
Company (Tokyo, Japan).

Primary outcomes
The primary outcome comprised the scores of the cog-
nitive tasks performed by the participants. Participants 
took a five-minute rest after viewing the comedic or con-
trol video. They subsequently performed cognitive tasks 

Fig. 1 Measurement Flow. Participants performed four cognitive tasks after viewing the video. Subjective mood assessment and saliva collection 
were performed in (1), (2), and (3). Levels of rCBF and HRV were measured throughout the study
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comprising digit vigilance (DV), serial seven subtraction 
(SSS), alphabetic working memory (AWM), and n-back 
(Fig. 1). The participants were granted a 20-s rest period 
after each task. The DV, SSS, and AWM tasks were pre-
sented using the Computerized Mental Performance 
Assessment System (COMPASS, Northumbria Univer-
sity, Newcastle upon Tyne, UK), a purpose-designed 
software application for the flexible delivery of randomly-
generated parallel versions of standard and novel cogni-
tive assessment tasks. This assessment system has been 
previously utilized to measure the effectiveness of nutri-
tional interventions [34, 35].

For the DV task, fixed numbers were displayed on the 
right side of the screen, and numbers that changed at 
the rate of 150 numbers per minute were presented one 
after another on the left side of the screen. Participants 
were required to respond when the number on the left 
matched the number on the right. The task lasted for 90 
s and the participants were scored for accuracy (%), reac-
tion times for correct responses (milliseconds), and false 
alarms (number).

A random number between 800 and 999 was presented 
on the screen for the SSS task, and participants were 
required to continually subtract seven from the presented 
number as quickly as possible. The starting number was 
cleared on the entry of the first answer, and asterisks 
indicated the next three digits. This task was scored for 
the number of responses (number), the number of cor-
rect responses (number), and the number of false alarms 
(number).

The AWM task displayed a series of five letters on the 
screen, one letter at a time, and the participants were 
asked to memorize them. Thirty new letters were then 
displayed on the screen one by one, and participants 
were required to press the computer keyboard keys cor-
responding to “yes” or “no” as quickly as possible to indi-
cate whether these letters belonged to the original series. 
The task was scored for accuracy (%) and reaction times 
for correct responses (milliseconds).

The n-back task was presented on a touchpad using 
brain training apps (Kirin Holdings Company, Japan). 
This task required participants to memorize the colors 
and shapes of trains, which were displayed one after the 
other. Subsequently, the participants were asked to tap 
the train whose color and shape corresponded to the one 
displayed three trains ago. This task was scored for accu-
racy (%), the number of correct responses (number), and 
the number of false alarms (number).

Secondary outcomes
Cerebral blood flow
The rCBF was measured during the intervention using a 
2CH NIRS system (HOT-2000, NeU Corporation, Tokyo, 

Japan) with a single wavelength of 810 nm, and the con-
centration change in total hemoglobin (Hb) was calcu-
lated as demonstrated in a previous report [36] (Fig. 1).

Two dual-source detectors were placed over the left 
and right DLPFC. This area corresponds to the Fp1-Fp2 
region as defined by the 10–20 system used in electro-
encephalography [37, 38]. Total Hb was defined as the 
mean value of Hb in the left and right DLPFC. The pre-
task baseline was defined as the mean value of total Hb in 
the 60 s before beginning the cognitive tasks. The mean 
values of the total Hb during the task period minus the 
baseline were then compared.

Heart rate variability
The electrocardiogram (ECG) was performed using a Sil-
mee Bar type Lite (TDK, Tokyo, Japan) at a time resolu-
tion of 1000 Hertz (Hz) [39]. The participants were asked 
to apply the device to their anterior chest with a gel pad. 
ECG measurements were taken from before the start 
of the intervention until the end of the cognitive tasks 
(Fig. 1). The regular rhythm (RR) interval was calculated 
from the ECG data using the Silmee measurement and 
analysis system, and HRV analysis was then performed 
using Kubios HRV analysis software ver. 3.4.1 (Kubios 
Oy, Kuopio, Finland). A threshold-based artifact cor-
rection algorithm was employed to correct artifacts and 
ectopic beats in the RR interval data HRV parameters 
in the frequency domain, specifically low frequency (LF; 
0.04–0.15 Hz), high frequency (HF; 0.15–0.4 Hz), the 
ratio between LF and HF band powers (LF/HF), and total 
power (TP; 0–0.4 Hz) were analyzed using fast Fourier 
transform. HF was used as the indicator of parasympa-
thetic activity [40], LF/HF as the marker for sympathetic 
activity [41].

LF and HF were converted into normalized units [42] 
(i.e., [LF]nu and [HF]nu) and used to obtain the reac-
tivity and recovery to video viewing and cognitive tasks 
through the calculation of delta values (Δ). Reactivity was 
calculated by comparing the difference between before 
and during video viewing, or the difference between 
after viewing the video and each cognitive task (i.e., 
while viewing—before viewing = reactivity1; DV—after 
viewing = reactivity2; SSS—after viewing = reactivity3; 
AWM—after viewing = reactivity4; n-back test—after 
viewing = reactivity4). Recovery was calculated by com-
paring the difference between during and after viewings 
(i.e., after viewing—during viewing = recovery1).

Subjective mood state
The visual analog scale (VAS) and Two-Dimensional 
Mood Scale (TDMS-ST) [43] were used to assess par-
ticipants’ moods. The VAS evaluated the fatigue, stress, 
motivation, depression, concentration, and drowsiness 
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of the participants, who rated their current mood on 
the 100-mm (mm) VAS before and after the video inter-
vention and again after performing the cognitive tasks 
(Fig.  1). The VAS scores were converted to z-scores for 
each participant to reduce the influence of subjective 
rating scales and ensure appropriate comparisons. The 
z-scores were calculated using the mean and standard 
deviation (SD) changes in the VAS scores of every par-
ticipant. Consequently, the mean and SD were adjusted 
to a z-score of 0 and 1 for each participant.

The TDMS-ST comprises eight mood descriptors: 
energetic, lively, lethargic, relaxed, calm, irritable, and 
nervous. The participants reported their current mood 
by rating each item on a six-point Likert-like scale before 
and after the video intervention and after completing 
the cognitive tasks (Fig.  1). Vitality, stability, pleasure, 
and arousal scores were then calculated according to the 
established protocol.

Salivary biomarkers
Salivary cortisol, α-amylase, sIgA, and β-endorphin were 
measured as stress biomarkers, and salivary oxytocin was 
calculated as an indicator of psychological fulfillment. 
Participants were instructed to collect their saliva using 
a collection aid (SalivaBio, Carlsbad, CA, United States) 
before and after the video intervention and after accom-
plishing the cognitive tasks (Fig.  1). The collected sam-
ples were measured at the Yanaihara Institute (Shizuoka, 
Japan).

Statistical analysis
Data were expressed as mean ± standard error (SE). Com-
parisons between the experimental and control phases 
were accomplished using paired t-tests. The Sidak test 
was applied to compare temporal changes during the 
same phase. Statistical comparisons were performed 
using BellCurve for Excel (Social Survey Research Infor-
mation, Tokyo, Japan) and Microsoft Excel 2016 (Micro-
soft, Redmond, WA, USA). Statistical significance was set 
at p < 0.05.

Missing values for each outcome were defined as meet-
ing the following criteria:

(i) Score for cognitive tasks: Data from participants who 
self-reported that they gave up performing the task;

(ii) Measurements of rCBF: Data from subjects who 
self-reported that they gave up performing the task;

(iii) Measurement of HRV: Data evincing a data loss 
rate of more than 50% due to poor ground contact 
between the sensor and skin;

(iv) Assessment of participants’ subjective mood states: 
Non-response data;

(v) Salivary biomarkers: Data below the detection limit.

Results
Baseline characteristics
Figure  2 presents the study flowchart. The researchers 
recruited 25 participants (male = 12; female = 13). The 
registered participants were alternately allocated as pre-
viously mentioned: Sequence 1 comprised 13 participants 
and Sequence 2 comprised 12 participants. Alternate 
assignments were made in each sequence for male and 
female participants to avoid gender bias. All participants 
completed the study; therefore, the total analyzed data 
included all 25 participants, whose characteristics are 
displayed in Table 1. There were no significant differences 
in the baseline characteristics between the sequences. No 
serious adverse effects were observed.

Evaluation of the video clips
Table  2 shows the participant ratings reported for each 
video after it was viewed. The comedic video was rated 
significantly higher than the control video on all assess-
ment items (funniness, frequency of laughter, under-
standing, sympathy, exciting language, enjoyable 
movement, and tempo) (p < 0.001, all assessment items). 
This confirmed that the comedic video was appropriately 
funny in comparison to the control video.

Primary outcomes
Cognitive tasks scores
Table  3 records the scores for the cognitive tasks that 
were performed after viewing each video (comedic and 
control). Response speeds for the DV tasks were sig-
nificantly faster for the comedic video than for the con-
trol video (p = 0.039). Similarly, the number of correct 
responses for the SSS tasks tended to be higher following 
the comedic video (p = 0.079). No significant differences 
were found in the other scores. However, participants 
frequently performed better after viewing the comedic 
video than after viewing the control video.

Secondary outcomes
Cerebral blood flow
The changes in total Hb concentration from the 
pre-task baseline to during the cognitive tasks were 
measured (Tables 4 and 5). There was no significant dif-
ference following the viewing. However, the total Hb 
concentration of participants increased significantly 
during the SSS, the AWM, and n-back tasks that were 
performed after viewing the comedic video (p < 0.001, p 
= 0.0014, p < 0.001, respectively). In contrast, no signifi-
cant change was detected during the tasks performed 
after viewing the control video. Furthermore, the 
changes in total Hb concentration while undertaking 
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the cognitive tasks were significantly greater than the 
pre-task baselines after the participants viewed the 
comedic video compared to after viewing the control 
video (p = 0.022; Fig. 3; Table 5).

HRV
Supplementary Table 1 and Fig. 4 show the time series 
changes in HRV values, and Supplementary Table  2 
shows a comparison of the ΔHRV between the phase of 
the comedic video and the phase of the control video. 
ΔLH/HF was significantly higher when viewing the 
comedic video than when viewing the control video 
(reactivity1) (p = 0.0025), and there was also a signifi-
cant change in the recovery value (recovery1) afterward 
(p = 0.0026). On the other hand, there was no signifi-
cant difference in ΔLF/HF due to cognitive function 
tasks (reactivity2-5). The change in HF exhibited an 
inverse trend to the changes noted in LF/HF (Supple-
mentary Tables 1 and 2).

Fig. 2 CONSORT diagram. All 25 recruited participants met the entry requirements. Participants were assigned alternately to Sequence 1 (n = 13) 
and Sequence 2 (n = 12). All participants were included in the analysis

Table 1 Participant characteristics at baseline

Data are presented as the mean standard deviations (SD). The p-value of age was 
calculated using unpaired t-tests. The sex ratio was analyzed using the χ2 tests

Characteristics Sequence 1 (n = 13) Sequence 2 (n = 12) p-value

Age 49.5 ± 6.7 52.8 ± 6.9 0.25

Male/Female 6/7 6/6 0.74
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Subjective mood
The VAS z-scores for fatigue, stress, motivation, 
depression, and concentration were significantly higher 
(p = 0.0012, p < 0.001, p < 0.001, p = 0.0031, p = 0.0032, 
respectively; Table  6) after viewing the comedic video 
compared to the control video. Furthermore, the scores 
allotted by participants for stress, motivation, and 
depression after completing the cognitive tasks were 

significantly higher after viewing the comedic video 
compared to the control video (p = 0.0027, p = 0.0021, 
p = 0.0083 respectively; Table  6). However, no signifi-
cant differences were observed in drowsiness scores. 
The actual scores of vitality, stability, and pleasure were 
significantly higher in the TDMS-ST after the partici-
pants had viewed the comedic video compared to the 
control video (p = 0.0017, p = 0.013; Supplementary 

Table 2 Participants’ video evaluations

Data are presented as the mean standard error (SE). The p-value was calculated using paired t-tests

Evaluation item Comedic video Control video n p-value Cohen’s D

Funniness 5.9 ± 0.3 2.2 ± 0.2 25 p < 0.001 2.9

Frequency of laughter 4.0 ± 0.2 1.6 ± 0.1 25 p < 0.001 2.9

Understanding 6.5 ± 0.2 3.4 ± 0.4 25 p < 0.001 2.06

Sympathy 5.8 ± 0.3 2.6 ± 0.3 25 p < 0.001 2.09

Exciting language 6.2 ± 0.2 2.7 ± 0.4 25 p < 0.001 2.4

Enjoyable movement 5.3 ± 0.3 2.4 ± 0.2 25 p < 0.001 2.3

Tempo 6.5 ± 0.1 3.6 ± 0.4 25 p < 0.001 2.2

Table 3 Cognitive task scores

Data are presented as the mean standard error (SE). The p-value of the participants’ ages was calculated using paired t-tests

Cognitive task Item Comedic video Control video n p-value Cohen’s D

DV Accuracy (%) 97.39 ± 0.69 97.54 ± 0.67 23 0.87 0.045

Reaction times for correct responses (ms) 462.78 ± 6.81 473.00 ± 6.64 23 0.039 0.32

False alarms (number) 0.74 ± 0.20 0.83 ± 0.21 23 0.70 0.091

SSS The number of responses (number) 21.24 ± 1.63 20.33 ± 1.42 21 0.26 0.13

The number of correct responses (number) 19.10 ± 1.51 17.57 ± 1.42 21 0.079 0.23

False alarms (number) 2.14 ± 0.42 2.76 ± 0.44 21 0.30 0.32

AWM Accuracy (%) 94.49 ± 1.25 94.30 ± 1.25 23 0.88 0.033

Reaction times for correct responses (ms) 984.96 ± 30.88 983.18 ± 32.40 23 0.94 0.012

N-back Accuracy (%) 87.87 ± 2.6 87.19 ± 2.48 21 0.79 0.06

The number of correct responses (number) 12.30 ± 0.36 12.21 ± 0.35 21 0.79 0.06

False alarms (number) 1.70 ± 0.36 1.79 ± 0.35 21 0.79 0.06

Table 4 Changes from the pre-task baseline in total Hb concentration

Data are presented as the mean standard error (SE). The p-value was calculated using a Sidak test

Step Cognitive task Hb concentration n p-value

After viewing comedic video DV 0.08 ± 0.04 23 0.73

SSS 0.28 ± 0.06 23 p < 0.001
AWM 0.18 ± 0.05 23 0.0014
N-back 0.23 ± 0.07 23 p < 0.001
All tasks 0.18 ± 0.05 23 p < 0.001

After viewing control video DV 0.03 ± 0.06 23 1.00

SSS 0.11 ± 0.06 23 0.064

AWM 0.06 ± 0.05 23 0.87

N-back 0.08 ± 0.05 23 0.39

All tasks 0.07 ± 0.05 23 0.74
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Table  3). No significant differences were observed in 
arousal scores.

Salivary biomarkers
Supplementary Table  4 displays the salivary cortisol, 
α-amylase, sIgA, β-endorphin, and oxytocin measure-
ments before and after the participants had viewed each 
video and after performing the cognitive tasks, respec-
tively. No significant differences were observed between 
the experimental and control interventions. The changes 
in α-Amylase between before viewings to after perform-
ing cognitive tasks tended to be higher after viewing the 
control video compared to after viewing the comedic 
video (p = 0.060). No differences were noted in the levels 
of cortisol, sIgA, β-endorphin, and oxytocin.

Discussion
This single-blind, crossover, and comparative study 
recruited 25 healthy adults aged between 40 and 65 to 
investigate how a short comedic video affected their cog-
nitive functions and mood states. The study utilized the 
DV task to assess focused attention [44, 45] and employed 
the SSS, AWM, and n-back tasks to assess working 
memory [46–48]. The results revealed that DV scores 
improved significantly and that SSS scores also tended 
to increase after viewing the comedic video. Therefore, 
it is possible that viewing short comedic videos could 
enhance attention focus. A previous study [22] found that 
viewing comedic videos improved short-term memory in 
healthy older people, but the current study is the first to 
examine focused attention. In addition, the present study 
demonstrated the effects of video-based interventions 
on middle-aged adults (40–65 years), whereas previous 
investigations [22] have targeted people over 65. Notably, 
while previous studies [22, 49] have used 20-min come-
dic videos, the current study confirmed the constructive 
effects of viewing even short clips of only four minutes.

The experiment also measured the real-time biom-
etric impact of the intervention using a NIRS [39, 50]. 
The rCBF in the DLPFC region was significantly higher 
during the cognitive tasks performed after viewing 
the comedic video compared to the control video. The 
DLPFC region of the prefrontal cortex plays an essential 
role in the executive functions of cognitive process man-
agement [25]. Extant research has shown that damage to 
the DLPFC impairs focused attention [51]. DLPFC dys-
function has also been associated with increased mental 

Table 5 Comparison of changes from the pre-task baseline in 
total Hb concentration

Data are presented as the mean standard error (SE). The p-value was calculated 
using paired t-tests

Cognitive 
task

After 
viewing 
comedic 
video

After 
viewing 
control 
video

n p-value Cohen’s D

DV 0.08 ± 0.04 0.03 ± 0.06 23 0.25 0.18

SSS 0.28 ± 0.06 0.11 ± 0.06 23 0.014 0.6

AWM 0.18 ± 0.05 0.06 ± 0.05 23 0.031 0.56

N-back 0.23 ± 0.07 0.08 ± 0.05 23 0.023 0.53

All tasks 0.23 ± 0.07 0.07 ± 0.05 23 0.022 0.55

Fig. 3 Measurement of rCBF. The total Hb concentration was measured using 2CH NIRS. The mean values of the total Hb concentration during all 
task periods minus the baseline are shown. Data are represented as the mean ± standard error (SE) for after viewing each video. Group differences 
were identified by paired t-tests; *p < 0.05
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Fig. 4 Measurements of LF/HF. LF/HF was calculated by ECG using Silmee Bar type Lite. The time flow of LF/HF in the phases of the comedic video 
and control video is shown through a solid line and dashed line, respectively. Data are represented as the mean ± standard error (SE)

Table 6 VAS scores

Data were presented as means standard error (SE); p-value of the age was calculated using paired t-tests

Mood states Step Comedic video Control video n p-value Cohen’s D

Fatigue Before video intervention  − 0.04 ± 0.17  − 0.02 ± 0.10 24 0.78 0.1

After video intervention 0.79 ± 0.12  − 0.05 ± 0.17 24 0.0012 1.2

After performing cognitive tasks  − 0.49 ± 0.19  − 0.87 ± 0.16 24 0.15 0.46

Stress Before video intervention  − 0.03 ± 0.15  − 0.08 ± 0.12 24 0.093 0.032

After video intervention 0.86 ± 0.11 0.03 ± 0.15 24 p < 0.001 1.3

After performing cognitive tasks  − 0.42 ± 0.15  − 1.13 ± 0.14 24 0.0027 1.02

Motivation Before video intervention 0.02 ± 0.16  − 0.15 ± 0.17 24 0.75 0.11

After video intervention 0.64 ± 0.12  − 0.25 ± 0.16 24 p < 0.001 1.3

After performing cognitive tasks 0.12 ± 0.17  − 0.95 ± 0.16 24 0.0021 0.96

Depression Before video intervention 0.04 ± 0.16 0.03 ± 0.17 24 0.093 0.03

After video intervention 0.65 ± 0.14  − 0.01 ± 0.15 24 0.0031 0.97

After performing cognitive tasks  − 0.32 ± 0.13  − 0.95 ± 0.16 24 0.0083 0.82

Concentration Before video intervention 0.26 ± 0.13  − 0.13 ± 0.19 24 0.18 0.48

After video intervention 0.38 ± 0.15  − 0.38 ± 0.16 24 0.0032 1.01

After performing cognitive tasks 0.13 ± 0.17  − 0.43 ± 0.25 24 0.058 0.6

Drowsiness Before video intervention 0.12 ± 0.15 0.00 ± 0.22 24 0.75 0.1

After video intervention 0.17 ± 0.17  − 0.20 ± 0.14 24 0.14 0.45

After performing cognitive tasks 0.06 ± 0.19  − 0.42 ± 0.20 24 0.069 0.57
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health problems [52], and reduced rCBF in the region. 
The outcomes suggested that the viewing of short come-
dic videos promotes DLPFC activity during cognitive 
tasks, is associated with improvements to DLPFC-related 
cognitive functions, and may even exert constructive 
effects for mental health problems.

The VAS and TDMS-ST scores were used to assess 
subjective mood states and were significantly higher for 
all categories (except sleepiness and arousal) after the 
participants had viewed the comedic video compared 
to the control video. As previous studies have described 
[12, 13], laughter has been found to create temporary 
improvements to mood. LF/HF is an indicator of sympa-
thetic activity, and HF is an indicator of parasympathetic 
activity [34, 42, 53]. LF/HF rose transiently while watch-
ing the comedic video, then quickly declined (Reactivity1 
and Recovery1). HF showed a significant increase after 
watching the comedic video (Recovery1). Laughter may 
have stimulated the transient activation of sympathetic 
activity, which may in turn have increased subsequent 
parasympathetic activity under the influence of homeo-
stasis. Parasympathetic activity has been reported to be 
associated with reduced stress [53], suggesting that psy-
chological stress can be reduced immediately by view-
ing a comedic video. At the same time, the changes 
registered after the cognitive tasks in the VAS scores 
for stress, depressed mood, and motivation were signifi-
cantly higher after the participants had viewed the come-
dic video compared to after they had viewed the control 
video. These results suggest that the comedic video 
intervention could have subsequently contributed to the 
activation of the parasympathetic nerve and reduced the 
stress levels induced by the cognitive task.

Furthermore, changes in α-amylase activity between 
pre-viewing to following the cognitive tasks tended to 
be higher after the participants viewed the control video 
compared to the comedic video. The α-amylase activity 
is a known indicator of physical and mental stress [54] 
and is known to respond relatively quickly. The results 
suggest that the comedic video may have prevented an 
increase in stress levels during the tests. Unlike previous 
studies [6, 14, 18], the current investigation observed no 
changes to cortisol concentrations. This could be attrib-
uted to the relative brevity of the comedic video, which 
was only around four minutes and may not have allowed 
enough time for these indicators to change. These results 
support the hypothesis that the viewing of short come-
dic videos by middle-aged adults could promote their 
DLPFC activity and thus enhance their cognitive func-
tions while also reducing their stress levels.

The study included several limitations. First, the sam-
ple size was small. The sample had adequate power as 
confirmed by the results of previous studies. However, 

a larger sample size would have allowed for the wider 
assessment of the middle-aged population. It should 
also be noted that the study only included Japanese 
participants. More detailed and diverse verification is 
needed to generalize the results. Second, the study did 
not determine whether the observed reactions are spe-
cific to comedic videos. To prove this, it is necessary to 
conduct experiments using videos that involve differ-
ent emotions (e.g., fear). Finally, the effects of repeated 
interventions using comedic videos were not measured, 
nor were the long-term post-intervention effects of the 
comedic video, meaning that it is unknown how long 
the effects of such videos last. Future initiatives should 
explore the effectiveness of repeated interventions and 
the persistence of the effects. This would strengthen 
the case for laughter to be routinely and continuously 
utilized as a tool for improving cognitive functions and 
alleviating stress levels in daily adult life.

Conclusions
This study analyzed the immediate impact of a short 
comedic video intervention on the cognitive functions, 
mood states, and associated biometric information of 
middle-aged adults. The outcomes indicated that, for 
healthy middle-aged Japanese people, the short come-
dic video clip increased their rCBF during the sub-
sequent cognitive tasks and may thus have improved 
their focused attention. The results also suggested that 
interventions involving short comedic videos could 
be associated with a reduction in stress, especially 
when carrying out cognitive tasks. This demonstrates 
that enjoyable interventions can serve as a practical 
approach to resolving stress-induced inattentiveness in 
everyday life and contribute to improving the cognitive 
functions and mental health of middle-aged adults.

Abbreviations
AWM  Alphabetic working memory
COMPASS  Computerized Mental Performance Assessment System
DV  Digit vigilance
DLPFC  Dorsolateral prefrontal cortex
ECG  Electrocardiogram
Hb  Hemoglobin
HF  High frequency
HRV  Heart rate variability
LF  Low frequency
rCBF  Regional cerebral blood flow
NIRS  Near-infrared spectroscopy
RR  Regular rhythm
SD  Standard deviation
SE  Standard error
sIgA  Secretory immunoglobulin A
SSS  Serial seven subtraction
TDMS-ST  Two-Dimensional Mood Scale
UMIN  University Hospital Medical Information Network
VAS  Visual Analogue Scale
Δ  Delta values



Page 11 of 12Yamakoshi et al. BMC Complementary Medicine and Therapies          (2025) 25:123  

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12906- 025- 04863-5.

Supplementary Material 1. Table 1. (a) Time-series changes in HRV (b) 
Multiple comparison test for HRV in each interval (a) Data are presented 
as the mean standard error (SE). (b) Data are presented p-value, using a 
Sidak test.

Supplementary Material 2. Table 2. Comparisons of delta (Δ) HRV values 
between the phase of comedic video and control video. Data are pre-
sented as the mean standard error (SE). The p-value was calculated using 
paired t-tests.

Supplementary Material 3. Table 3. TDMS-ST scores. Data are presented 
as the mean standard error (SE). The p-value was calculated using paired 
t-tests.

Supplementary Material 4. Table 4. (a) Comparison of the salivary biomark-
ers (b) Comparison of the changes of salivary biomarkers from before the 
video intervention to after performing the cognitive tasks (a) Data are pre-
sented as the mean standard error (SE). The p-value was calculated using 
paired t-tests. (b) Data are presented as the mean standard error (SE). The 
p-value was calculated using paired t-tests.

We thank all the patients and PHC professionals who participated in this study. 
We thank Mr Jerónimo Fiol Renaudin, Mrs Núria Hernández Vidal and Mrs 
Núria Pérez Jiménez for his support in data management-related tasks. We 
also thank Mr. Pau Pericás, from the Health Information Platform (PRISIB) of 
the Health Research Institute of the Balearic Islands (IdISBa), for his support in 
extracting avoidable hospitalization data from electronic health records.

Authors’ contributions
TY, YA, and AyK designed the study, posited the conceptual ideas, and wrote 
the draft outline. TY, YA, and TF collected the data. AtK and RS contributed to 
the interpretation of the results. YT wrote the manuscript with support from 
YA. All authors have read and approved the final manuscript.

Funding
This study was funded by Kirin Holdings Company.

Data availability
The datasets used in this study are available from the corresponding author 
upon request.

Declarations

Ethics approval and consent to participate
This study was conducted following the Declaration of Helsinki and Ethical 
Guidelines for Medical and Health Research Involving Human Subjects and 
was approved by the ethics committee of Kirin Holdings Company (No. 
2020–014). The study was registered in the UMIN database before subject 
enrollment (Registration No. UMIN000043332; http:// www. umin. ac. jp/ ctr/; 
Registration title: Effects of viewing videos on brain function: A single-blind, 
crossover comparative study) on February 15, 2021. All participants provided 
written informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Kirin Central Institute, Kirin Holdings Company, Limited, 2-26-1, Mura-
oka-Higashi, Fujisawa-Shi, Kanagawa 251-8555, Japan. 2 Sakai City Medical 
Center, Psychosomatic Medicine, Sakai City, Japan. 3 Psychosomatic Medicine, 
Shiroyama Hospital, Osaka, Japan. 4 Psychosomatic Medicine, National Hospital 
Organization Osaka Minami Medical Center, Osaka, Japan. 

Received: 18 June 2024   Accepted: 19 March 2025

References
 1. Mcdaid D, Curran C, Knapp M. Promoting mental well-being in the work-

place: a European policy perspective. Int Rev Psychiatry. 2005;17:365–73.
 2. Yao H, Chen JH, Xu YF. Patients with mental health disorders in the 

COVID-19 epidemic. Lancet Psychiatry. 2020;7: e21.
 3. World Health Organization. Mental health of older adults. 2023. https:// 

www. who. int/ news- room/ fact- sheets/ detail/ mental- health- of- older- 
adults. Accessed 18 Jan 2025.

 4. Castaneda AE, Tuulio-Henriksson A, Marttunen M, Suvisaari J, Lönnqvist 
J. A review of cognitive impairments in depressive and anxiety disorders 
with a focus on young adults. J Affect Disord. 2008;106:1–27.

 5. Bunce D, Tzur M, Ramchurn A, Gain F, Bond FW. Mental health and cogni-
tive function in adults aged 18 to 92 years. J Gerontol B Psychol Sci Soc 
Sci. 2008;63:67–74.

 6. Yim JE. Therapeutic benefits of laughter in mental health: a theoretical 
review. Tohoku J Exp Med. 2016;239:243–9.

 7. Mora-Ripoll R. The therapeutic value of laughter in medicine. Altern Ther 
Health Med. 2010;16:56–64.

 8. Ko HJ, Youn CH. Effects of laughter therapy on depression, cognition, 
and sleep among the community-dwelling elderly. Geriatr Gerontol Int. 
2011;11:267–74.

 9. Tamada Y, Takeuchi K, Yamaguchi C, Saito M, Ohira T, Shirai K, et al. Does 
laughter predict the onset of functional disability and mortality among 
older Japanese adults? The JAGES prospective cohort study. J Epidemiol. 
2021;31:301–7.

 10. DeKeyser GF, Jacobs JM. The effect of humor on elder mental and physi-
cal health. Geriatr Nurs. 2014;35:205–11.

 11. Low LF, Goodenough B, Fletcher J, Xu K, Casey AN, Chenoweth L, et al. 
The effects of humor therapy on nursing home residents measured using 
observational methods: the SMILE cluster randomized trial. J Am Med Dir 
Assoc. 2014;15:564–9.

 12. Houston DM, McKee KJ, Carroll L, Marsh H. Using humor to promote 
psychological well-being in residential homes for older people. Aging 
Ment Health. 1998;2:328–32.

 13. Zhao J, Yin H, Zhang G, Li G, Shang B, Wang C, et al. A meta-analysis 
of randomized controlled trials of laughter and humour interven-
tions on depression, anxiety and sleep quality in adults. J Adv Nurs. 
2019;75:2435–48.

 14. Berk LS, Tan SA, Fry WF, Napier BJ, Lee JW, Hubbard RW, et al. Neuroendo-
crine and stress hormone changes during mirthful laughter. Am J Med 
Sci. 1989;298:390–6.

 15. Bennett MP, Lengacher C. Humor and laughter may influence health IV: 
humor and immune function. Evid Based Complement Alternat Med. 
2009;6:159–64.

 16. Bennett MP, Zeller JM, Rosenberg L, McCann J. The effect of mirthful 
laughter on stress and natural killer cell activity. Altern Ther Health Med. 
2003;9:38–42.

 17. Hayashi T, Tsujii S, Iburi T, Tamanaha T, Yamagami K, Ishibashi R, et al. 
Laughter up-regulates the genes related to NK cell activity in diabetes. 
Biomed Res. 2007;28:281–5.

 18. Bennett MP, Lengacher C. Humor and laughter may influence health: III. 
laughter and health outcomes. Evid Based Complement Alternat Med. 
2008;5:37–40.

 19. Hasan H, Hasan TF. Laugh yourself into a healthier person: a cross cultural 
analysis of the effects of varying levels of laughter on health. Int J Med 
Sci. 2009;6:200–11.

 20. Van der Wal CN, Kok RN. Laughter-inducing therapies: systematic review 
and meta-analysis. Soc Sci Med. 2019;232:473–88.

 21. Bast ES, Berry EM. Laugh away the fat? therapeutic humor in the control 
of stress-induced emotional eating. Rambam Maimonides Med J. 2014;5: 
e0007.

 22. Bains GS, Berk LS, Daher N, Lohman E, Schwab E, Petrofsky J, et al. The 
effect of humor on short-term memory in older adults: a new compo-
nent for whole-person wellness. Adv Mind Body Med. 2014;28:16–24.

 23. Monsell S. Task switching. Trends Cogn Sci. 2003;7:134–40.

https://doi.org/10.1186/s12906-025-04863-5
https://doi.org/10.1186/s12906-025-04863-5
http://www.umin.ac.jp/ctr/
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults
https://www.who.int/news-room/fact-sheets/detail/mental-health-of-older-adults


Page 12 of 12Yamakoshi et al. BMC Complementary Medicine and Therapies          (2025) 25:123 

 24. Chan RCK, Shum D, Toulopoulou T, Chen EYH. Assessment of executive 
functions: review of instruments and identification of critical issues. Arch 
Clin Neuropsychol. 2008;23:201–16.

 25. Elliott R. Executive functions and their disorders. Br Med Bull. 
2003;65:49–59.

 26. Van Eck M, Berkhof H, Nicolson N, Sulon J. The effects of perceived stress, 
traits, mood states, and stressful daily events on salivary cortisol. Psycho-
som Med. 1996;58:447–58.

 27. Steptoe A, Cropley M, Griffith J, Kirschbaum C. Job strain and anger 
expression predict early morning elevations in salivary cortisol. Psycho-
som Med. 2000;62:286–92.

 28. Rohleder N, Nater UM, Wolf JM, Ehlert U, Kirschbaum C. Psychosocial 
stress-induced activation of salivary alpha-amylase: an indicator of sym-
pathetic activity? Ann N Y Acad Sci. 2004;1032:258–63.

 29. Rohleder N, Wolf JM, Maldonado EF, Kirschbaum C. The psychosocial 
stress-induced increase in salivary alpha-amylase is independent of saliva 
flow rate. Psychophysiology. 2006;43:645–52.

 30. Takai N, Yamaguchi M, Aragaki T, Eto K, Uchihashi K, Nishikawa Y. Effect of 
psychological stress on the salivary cortisol and amylase levels in healthy 
young adults. Arch Oral Biol. 2004;49:963–8.

 31. Ulmer-Yaniv A, Djalovski A, Priel A, Zagoory-Sharon O, Feldman R. Mater-
nal depression alters stress and immune biomarkers in mother and child. 
Depress Anxiety. 2018;35:1145–57.

 32. Rai B, Kaur J. Salivary stress markers and psychological stress in simulated 
microgravity: 21 days in 6° head-down tilt. J Oral Sci. 2011;53:103–7.

 33. Cygankiewicz I, Zareba W. Heart rate variability. In: Buijs RM, Swaab 
DF, editors. Autonomic nervous system. Amsterdam: Elsevier; 2013. p. 
379–93.

 34. Scholey A, Ossoukhova A, Owen L, Ibarra A, Pipingas A, He K, et al. Effects 
of American ginseng (Panax quinquefolius) on neurocognitive function: 
an acute, randomized, double-blind, placebo-controlled, crossover study. 
Psychopharmacology. 2010;212:345–56.

 35. Haskell-Ramsay CF, Jackson PA, Forster JS, Dodd FL, Bowerbank SL, Ken-
nedy DO. The acute effects of caffeinated black coffee on cognition and 
mood in healthy young and older adults. Nutrients. 2018;10: 1386.

 36. Nouchi R, Dos Santos Kawata NY, Saito T, Himmelmeier RM, Nakamura 
R, Nouchi H, et al. Dorsolateral prefrontal cortex activity during a brain 
training game predicts cognitive improvements after four weeks’ brain 
training game intervention: evidence from a randomized controlled trial. 
Brain Sci. 2020;10:560.

 37. Homan RW, Herman J, Purdy P. Cerebral location of the international 
10–20 system electrode placement. Electroencephalogr Clin Neurophys-
iol. 1987;66:376–82.

 38. Nozawa T, Sasaki Y, Sakaki K, Yokoyama R, Kawashima R. Interpersonal 
frontopolar neural synchronization in group communication: an 
exploration of fNIRS hyperscanning of natural interactions. Neuroimage. 
2016;133:484–97.

 39. Ouchi K. Development of wearable sensors and demonstration experi-
ments for practical applications. Research Report: Aging Society Design  [
研究報告高齢社会デザイン]. 2016;8:1–4.

 40. Fazeli MS, Pourrahmat MM, Liu M, Guan L, Collet JP. The effect of 
head massage on the regulation of the cardiac autonomous nerovus 
system: a pilot randomized crossover trial. J Altern Complement Med. 
2016;22:75–80.

 41. Morales-Quezada L, Cosmo C, Carvalho S, Leite J, Castillo-Saavedra L, 
Rozisky JR, et al. Cognitive effects and autonomic responses to transcra-
nial pulsed current stimulation. Exp Brain Res. 2015;233:701–9.

 42. Task Force of the European Society of Cardiology and the North 
American Society of Pacing and Electrophysiology. Heart rate variability: 
standards of measurement, physiological interpretation and clinical use. 
Eur Heart J. 1996;17:354–81. https:// www. escar dio. org/ static- file/ Escar 
dio/ Guide lines/ Scien tific- State ments/ guide lines- Heart- Rate- Varia bility- 
FT- 1996. pdf.

 43. Sakairi Y, Nakatsuka K, Shimizu T. Development of the two-dimensional 
mood scale for self-monitoring and self-regulation of momentary mood 
states. Jpn Psychol Res. 2013;55:338–49.

 44. Kelland DZ, Lewis RF. The digit vigilance test: reliability, validity, and sensi-
tivity to diazepam. Arch Clin Neuropsychol. 1996;11:339–44.

 45. Huang SL, Chen TT, Lin GH, Wu CT, Hsueh IP, Hsieh CL. Responsiveness 
and predictive validity of the computerized digit vigilance test in patients 
with stroke. Disabil Rehabil. 2019;41:2683–7.

 46. Scholey AB, Harper S, Kennedy DO. Cognitive demand and blood glu-
cose. Physiol Behav. 2001;73:585–92.

 47. Dobbs AR, Rule BG. Adult age differences in working memory. Psychol 
Aging. 1989;4:500–3.

 48. D’Esposito M, Postle BR. Cognitive neuroscience of working memory. 
Annu Rev Psychol. 2015;66:115–42.

 49. Bains GS, Berk LS, Lohman E, Daher N, Petrofsky J, Schwab E, et al. Humors 
effect on short-term memory in healthy and diabetic older adults. Altern 
Ther Health Med. 2015;21:16–25.

 50. Komuro Y, Sato Y, Lin L, Tang Z, Hu L, Sakatani K. Reliability of wearable 
two-channel CW-NIRS in measurements of brain function. Adv Exp Med 
Biol. 2018;1072:301–5.

 51. Fertonani A, Miniussi C. Transcranial electrical stimulation: what we know 
and do not know about mechanisms. Neuroscientist. 2017;23:109–23.

 52. Arnsten AFT, Raskind MA, Taylor FB, Connor DF. The effects of stress 
exposure onthe prefrontall cortex: translating basic research into suc-
cessful treatments for post-traumatic stress disorder. Neurobiol Stress. 
2015;1:89–99.

 53. Kim HG, Cheon EJ, Bai DS, Lee YH, Koo BH. Stress and heart rate vari-
ability: a meta-analysis and review of the literature. Psychiatry Investig. 
2018;15:235–45.

 54. Noto Y, Sato T, Kudo M, Kurata K, Hirota K. The relationship between sali-
vary biomarkers and the state-trait anxiety inventory score under mental 
arithmetic stress: a pilot study. Anesth Analg. 2005;101:1873–6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf
https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf
https://www.escardio.org/static-file/Escardio/Guidelines/Scientific-Statements/guidelines-Heart-Rate-Variability-FT-1996.pdf

	Effects of laughter on focus and stress in middle-aged adults: a single-blind, randomized controlled trial
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial Registration 

	Background
	Methods
	Ethics and registration

	Participants
	Intervention
	Experimental intervention

	Control intervention
	Procedure
	Primary outcomes
	Secondary outcomes
	Cerebral blood flow

	Heart rate variability
	Subjective mood state
	Salivary biomarkers
	Statistical analysis
	Results
	Baseline characteristics

	Evaluation of the video clips
	Primary outcomes
	Cognitive tasks scores

	Secondary outcomes
	Cerebral blood flow

	HRV
	Subjective mood
	Salivary biomarkers
	Discussion
	Conclusions
	References


