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ABSTRACT

OBJECTIVE

To assess efficacy and safety of laughter exercise in
patients with symptomatic dry eye disease.

DESIGN
Non-inferiority randomised controlled trial.

SETTING

Recruitment was from clinics and community and the
trial took place at Zhongshan Ophthalmic Center, Sun
Yat-sen University, the largest ophthalmic centre in
China, between 18 June 2020 to 8 January 2021.

PARTICIPANTS

People with symptomatic dry eye disease aged 18-45
years with ocular surface disease index scores ranging
from 18 to 80 and tear film break-up time of eight
seconds or less.

INTERVENTIONS

Participants were randomised 1:1 to receive laughter
exercise or artificial tears (0.1% sodium hyaluronic
acid eyedrop, control group) four times daily for
eight weeks. The laughter exercise group viewed an
instructional video and participants were requested
to vocalise the phrases “Hee hee hee, hah hah hah,
cheese cheese cheese, cheek cheek cheek, hah hah
hah hah hah hah” 30 times per five minute session.
Investigators assessing study outcomes were masked
to group assignment but participants were unmasked
for practical reasons.

MAIN OUTCOME MEASURES

The primary outcome was the mean change in

the ocular surface disease index (0-100, higher
scores indicating worse ocular surface discomfort)
from baseline to eight weeks in the per protocol

WHAT IS ALREADY KNOWN ON THIS TOPIC

dry eye disease

cancer, and diabetes

Dry eye disease is a chronic condition worldwide linked with psychological stress
and poses an economic burden of long term use of artificial tears

0.1% sodium hyaluronic acid, a widely used artificial tear, has a proven
therapeutic effect for ocular discomfort, and stabilising tear film in patients with

Laughter therapy is recognised as a beneficial complementary and adjunctive
treatment for various chronic conditions, including mental health disorders,

WHAT THIS STUDY ADDS

Laughter exercise was non-inferior to artificial tears (0.1% sodium hyaluronic acid)
in improving dry eye disease symptoms and clinical signs

Laughter exercise is a safe, environmentally friendly, and low cost intervention for
patients with symptomatic dry eye disease and limited corneal staining
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population. The non-inferiority margin was 6 points of
this index score. Main secondary outcomes included
the proportion of patients with a decrease from
baseline in ocular surface disease index score of at
least 10 points and changes in dry eye disease signs,
for example, non-invasive tear break up time at eight
weeks.

RESULTS

299 participants (mean age 28.9 years; 74% female)
were randomly assigned to receive laughter exercise
(n=149) or 0.1% sodium hyaluronic acid (n=150). 283
(95%) completed the trial. The mean change in ocular
surface disease index score at eight weeks was -10.5
points (95% confidence interval (Cl) -13.1 to —7.82)
in the laughter exercise group and -8.83 (-11.7 to
-6.02) in the control group. The upper boundary of the
Cl for difference in change between groups was lower
than the non-inferiority margin (mean difference —1.45
points (95% Cl —5.08 to 2.19); P=0.43), supporting
non-inferiority. Among secondary outcomes, the
laughter exercise was better in improving non-invasive
tear break up time (mean difference 2.30 seconds
(95% Cl 1.30 to 3.30), P<0.001); other secondary
outcomes showed no significant difference. No
adverse events were noted in either study group.

CONCLUSIONS

The laughter exercise was non-inferior to 0.1% sodium
hyaluronic acid in relieving subjective symptoms in
patients with dry eye disease with limited corneal
staining over eight weeks intervention.

TRIAL REGISTRATION
ClinicalTrials.gov NCT04421300.

Introduction

Dry eye disease is a widespread, complex ocular
surface disease characterised by chronic subjective
ocular discomfort, tear film instability, and visual
disturbance.'® With the population ageing, video
display terminal use increasing, and air pollution, the
global prevalence of dry eye disease has risen sharply,
affecting approximately 360 million individuals.*
Use of artificial tears is the mainstay treatment for
dry eye disease. Although not fatal, dry eye disease
substantially reduces life quality and is a substantial
economic burden, particularly among long term users
of artificial tears.’ The global artificial tears market had
a revenue share of USD 2.74 billion in 2022 (£2.12
billion, €2.53 billion), expected to advance to USD
4.40 billion by 2031.° Additionally, the societal costs
such as lost work productivity and the psychological
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and physical impacts of dry eye disease, are estimated
at $55 hillion in the US.’

Studies across multiple geographies and populations
have reported the correlation between dry eye disease
and mental health, particularly in negative emotions
such as depression and anxiety.® ° 1° ' 12 In people
with depression or anxiety, the link is stronger for
dry eye disease symptoms as compared with patient
signs.® %1315 These results suggest that the connection
between dry eye disease symptoms and depression or
anxiety does not appear to be driven by dry eye disease
signs.™!

In recognition of the importance of positive
psychology, the World Health Organization considers
happiness as a crucial component of overall well
being.® Individuals with higher levels of subjective
happiness report fewer symptoms of dry eye
disease,'” '® however, the impact of positive emotions
on dry eye disease remains uncertain.

In accordance with the well known saying
“laughter is the best medicine”, laughter therapy
was first reported by Cousins in 1979, primarily
involving mimicking mouth shapes while enunciating
“hahahoho.”® Research findings suggested laughter
might be therapeutic to reduce disease symptoms.?°
At present, laughter therapy comprises various
interventions designed to provoke laughter, smiling,
and pleasant feelings such as laughter exercises,
clowns, comedy movies, games, and puzzles.’!
Abundant evidence suggests that laughter therapy
alleviates depression, anxiety, stress, and chronic
pain, while strengthening immune function®??*; and
therefore, it has been recognised as a complementary
and adjunctive approach for chronic conditions like
mental health disorders, cancer, diabetes, among
others.?>° Whether laughter therapy has a beneficial
effect on dry eye disease, a chronic condition closely
related to mental health and lifestyle,>* remains
unknown. In our pilot studies before the randomised
controlled trial, we observed that laughter could
immediately improve tear film stability and lipid layer
thickness (protocol, pages 12-13 in supplementary
file, data unpublished). Additionally, in a small scale
study, we found that laughter exercise could alleviate
symptoms of dry eye disease (protocol, pages 15-16 in
supplementary file, data unpublished).

In this study, we conducted a randomised trial to
compare the effectiveness of laughter exercise versus
artificial tears in treating symptomatic dry eye disease.
The hypothesis was that non-inferiority would be
established by observing a between-group difference
in the ocular surface disease index score of <6 points in
eight weeks between the laughter exercise group and
the controls, who were using the mainstay treatment of
artificial tears. We chose a non-inferiority trial design
because laughter exercise is a safe, environmentally
friendly, and low cost intervention.

RESEARCH

Methods
Study design
In this two arm, non-inferiority randomised

controlled trial, the setting was at a single tertiary
referral centre, Zhongshan Ophthalmic Center, Sun
Yat-sen University, which is the largest ophthalmic
centre in southern China. All procedures adhered
to the protocol approved by the ethics committee of
Zhongshan Ophthalmic Center, Sun Yat-sen University,
Guangzhou, China (2020KYPJ010). Written informed
consent was obtained from all participants. The trial
protocol and statistical analysis plan are available in
the supplementary files.

Participants

Participants with symptomatic dry eye disease were
recruited from cornea and ocular surface disease
clinics and locations surrounding the hospital
using community advertisements, flyers, and via
social media. All participants passed a screening
examination 14 days before inclusion. Screening
included a medical history and subjective assessment
of dry eye disease symptoms using the ocular surface
disease index. The international dry eye workshop in
2007 and 2017, emphasised that dry eye disease is a
symptomatic disease, and symptom questionnaires are
among the most reliable diagnostic tests available.>? >
The ocular surface disease index is a 12-item index
measuring ocular discomfort, with scores ranging
from O to 100, with O indicating the least discomfort
and 100 the greatest.

Participants were required to fulfil the diagnostic
criteria of the global consensus tear film and ocular
surface association dry eye workshop II for dry eye
disease.’? Participants were also required to have the
ocular surface disease index score of 18 to 80 at both
the screening and the eligibility confirmation visits
approximately two weeks later, and a fluorescein tear
break-up time (time from a blink to the appearance
of the first gap in the tear film, with shorter times
indicating worse tear film stability) of eight seconds or
less at eligibility confirmation visit. Exclusion criteria
included a score from the National Eye Institute’s
corneal fluorescein staining examination of more than
5 (range 0-15, with higher scores indicating more severe
corneal epithelial defects); use of any dry eye disease
treatment in the 14 days before enrolment; contact lens
usage within 14 days before screening visit; inability to
guarantee no contact lens wear for three months after
trial participation; any eye surgery or history of ocular
trauma within the past 12 months; any history of eye
infection or allergy within the past three months;
severe ocular surface scarring or conditions that could
compromise the integrity of the ocular surface, such
as Steven-Johnson syndrome; any previous diagnosis
of glaucoma or treatment with glaucoma medications;
and the presence of neurological, psychiatric or, sleep
disorders. We did not enrol anyone with cognitive or
comprehension deficits who could not co-operate with
the eye examination, questionnaire completion, or use
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of the face recognition application study application
laughing face, or who had major life changes, such as
planning to move to another city within the next three
months, or were fearful of the bright light from eye
examination equipment for this study. A complete list
of the inclusion and exclusion criteria is provided in
the protocol (pages 20-22).

All participants were shown the protocol and signed
patient consent forms.

Randomisation and masking

Stratified block randomisation was applied with a
block size of four. Participants were stratified based on
their baseline ocular surface disease index scores (mild
<18t0 <23, moderate <23 to <33 and severe <33 to <80).
Within each stratum, patients were randomly assigned
in a 1:1 ratio to receive either laughter exercise or 0.1%
sodium hyaluronic acid for eight weeks. The random
sequence was generated by an independent statistician
who was not involved in project implementation, using
an online generator. The randomisation assignment
was kept undisclosed to the trained investigators
responsible for screening and outcome assessment.
Participants were unmasked to group assignment but
were masked to trial hypotheses.

Intervention

Drawing from previously established methods of
laughter therapy, we adapted and developed the
laughter exercise (supplementary video) to optimally
engage the ocular muscles of participants. Participants
were instructed to perform the laughter exercise four
times daily for eight weeks. At the baseline visit,
an instructional video showed the execution of the
exercise. Specifically, laughter exercise required
participants to vocalise and repeat the phrases as “Hee
hee hee, hah hah hah, cheese cheese cheese, cheek
cheek cheek, hah hah hah hah hah hah” 30 rounds each
time, lasting for at least five minutes (video 1, video 2).
To standardise the laughter exercise and enhance facial
movements throughout the session, participants used
a face recognition application on their mobile devices
that had been designed by authors, named laughing
face, at the start of each session (supplementary
figure 1). The app was developed in collaboration with
South China University of Technology and Xinhuixing
Information Technology, Inc (Guangzhou, China).
Following the eight week intervention, participants
ceased the exercise and underwent follow-up at the
week 10 and 12.

Participants in the control group applied artificial
tears, 0.1% sodium hyaluronic acid eyedrops, to
both eyes four times daily for eight weeks, tracking
their usage frequency via the laughing face app. After
the eight week treatment, they were instructed to
discontinue the eye drops and returned for follow-up
appointments at weeks 10 and 12.

The participants were followed up on weekends for
their convenience. Participants in both groups were
encouraged to continue their routine activities during
the 12 week study period. Adherence was supported
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through an oral and written commitment from all
participants at the baseline evaluation. For daily
record keeping, participants in both study groups used
the laughing face app, for which they were provided
with individual access codes. The app provided daily
text reminders to complete the study interventions.
Those in the laughter exercise group were requested
to practice with the app before each laughter session
and upload their exercise videos at least once a day. All
participants used the app to log their exercise sessions
or eye drops use. If a participant missed an exercise
session or eye drop application, they were prompted by
the app to make up for the missed session. Throughout
the eight week period, we tracked the number of
missed exercise sessions and eye drops applications as
a measure of compliance.

Outcomes

The primary outcome was the mean change in the
ocular surface disease index score from baseline
to eight weeks. Prespecified secondary outcomes
included: the proportion of patients with a decrease
from baseline in the ocular surface disease index
score of 10 points or more (ie, the minimal clinically
meaningful cut-of*), changes in signs of dry eye
disease as assessed by non-invasive tear break up
time, corneal fluorescein staining score, tear meniscus
height, changes in the scores on the physical and
mental health subscales of the 36-item short form
health survey®® (scores range from O to 100, with
higher scores indicating better health-related quality
of life), changes in the scores of self-rating anxiety
scale®® and self-rating depression scale®” (scores range
from O to 100, with higher indicating severe self-
report anxiety or depression), changes in the scores
of Pittsburgh sleep quality index*® (scores range from
0 to 21, with higher scores indicating worse sleep
quality), changes in the scores of subjective happiness
scale®® (scores range from 1 to 7, with higher scores
indicating a higher level of happiness). Because of the
inconsistent correlation between reported symptoms
and clinical signs, we chose non-invasive tear break
up time as the main secondary outcome. The details
and examination procedures of exploratory outcomes
including function and structure of meibomian gland
were described in the trial protocol (supplementary
file).

Participants were scheduled to return on day seven
for assessments, after that at two weeks, four weeks, six
weeks, and eight weeks (the last day of treatment and
the time of assessment for the main study outcome),
and again at 10 and 12 weeks. We monitored adverse
events throughout the treatment period using a
standard adverse event case report form at each visit.

Statistical analysis

Sample size estimation

The trial was designed to enrol 296 participants
(n=148 in each group), reaching 90% statistical power
to detect non-inferiority at a one-sided 0=0.025 based
on the primary outcome using a one sided, two sample
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t-test. We selected a non-inferiority margin of 6 points,
which is 50% of the minimum meaningful clinical
difference on the ocular surface disease index,>?
with the common standard deviation of 15. The true
difference between means was assumed to be 0.00,
and loss to follow up less than 10%. Non-inferiority
would be established by a one sided test of the 97.5%
confidence interval (CI) of the difference in trial arms

Volunteers for prescreening

670

Did not meet eligibility criteria of prescreening

(i 665)

Received two week washout period

Did not return for eligibility confirmation visit

Screened for eligibility

(ED
Excluded
136 OSDI <18 or >80

52 Symptoms and diagnosis inconsistent
8 Anxiety or depression or sleep disorders
4 Thyroid disease
5 Amblyopia

53 Declined

56 Otherreasons

(i 299

R andomised

(

[ 149)
Allocated to laughter exercise group
144 Received allocated intervention
5 Did not receive allocated intervention
2 Away on business
3 Withdrawal of consent

!

Completed survey at 8 week follow-up (91%)

8 Lost to follow-up (5%)
5 Discontinued intervention
3 Unavailable (moved or away on business)

!

Completed survey at 12 week follow-up (92%)
7 Lost to follow-up (5%)

S Discontinued intervention

2 Unavailable (moved or away on business)

Analysed as intention to treat
Analysed as 8 week protocol

Analysed as 12 week protocol

)

(i 150)
Allocated to 0.1% HA group
149 Received allocated intervention
1 Did not receive allocated intervention
1 Withdrawal of consent

l

Completed survey at 8 week follow-up (98%)
2 Lost to follow-up (1%)
2 Unavailable (moved or away on business)

|

Completed survey at 12 week follow-up (97%)
3 Lost to follow-up (2%)
3 Unavailable (moved or away on business)

|

Analysed as intention to treat

Analysed as 8 week protocol

Analysed as 12 week protocol

Fig 1 | Flow of participants through trial. HA=hyaluronic acid; OSDI=ocular surface

disease index

RESEARCH

that was less than the non-inferiority margin. This
margin would be equivalent to testing whether a two
sided 95% CI around the treatment difference falls
within the non-inferiority margin. The sample size was
calculated using PASS 16.0.

Data analyses

We developed a statistical analysis plan before
final analysis (supplementary file). No interim
analysis was undertaken. The trial was registered at
ClinicalTrials.gov (NCT04421300) on 5 June 2020.
The first participant was enrolled on 3 July 2020. The
participants’ baseline characteristics were described
as mean (standard deviation) or median (interquartile
range) for continuous variables, and frequency
(percentage) for categorical variables. The normality of
continuous data was checked using the Shapiro-Wilk
test and histograms.

Both per protocol and the intention-to-treat analyses
were used in calculating the adjusted difference and
95% CI for the primary outcome, and intention to treat
was used in calculating unadjusted difference and
95% CI for secondary outcomes. In intention-to-treat
analysis, all participants undergoing randomisation
were included, and all missing data were imputed
using multiple imputations, creating 20 copies of the
data. Results were obtained by averaging these 20
datasets using Rubin’s rules.*’

Line and box plots were drawn to show the
outcome’s change across time. Generalised estimated
equation model with adjustment for intra-eye
correlation was applied for the comparisons of clinical
outcomes, which were measured in both right and left
eyes. The difference between groups was tested using
the two sample t-test for primary and psychological
outcomes, and generalised estimated equation model
for all clinical outcomes. Pre-post changes were tested
with the paired t-test for primary and psychological
outcomes and generalised estimated equation models
for all clinical outcomes.

Data were cleaned using Stata16.0 and all statistical
analyses were performed using SAS 9.4. A two sided
P value less than 0.05 was considered statistically
significant. For secondary outcomes, P for between
group difference was adjusted by the Benjamini-
Hochberg method with a false discovery rate of 0.05
for multiple comparisons. P values for exploratory
outcomes were not calculated.

Patients and public involvement

Although patients or the public were not involved in
the design, or conduct, or reporting, or dissemination
plans of our research, they did participate in the
preliminary study. Participants provided suggestions
for implementing our laughter exercise, including the
number of repetitions per section, the frequency of daily
interventions, and how to improve communication
between the research team and patients. Moreover, the
results were communicated to patients who expressed
an interest after the completion of the study.
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Table 1 | Baseline characteristics of study participants

Laughter exercise
group (n=149)

0.1% hyaluronic acid
group (n=150)

Age (years), mean (SD) 28.9 (6.33) 28.9 (6.29)
Female sex, No. (%) 109 (73) 112 (75)
Male sex, No. (%) 40 (27) 38 (25)
Education of »12 years, No. (%) 139 (93) 144 (96)
BCVA =0.8, No. (%) 148 (99) 148 (99)

SER for right eye (diopter), median (IQR)

-3.38 (-5.50t0 -1.50) -3.25 (-5.00 to -1.00)

0SDI grade at baseline, No. (%):

>18 t0 <23 27 (18) 27 (18)
2231t0¢33 47 (32) 48 (32)
>33 t0+<80 75 (50) 75 (50)

BCVA=best corrected visual acuity; IQR=interquartile range; OSDI=Ocular surface disease index; SD=standard
deviation; SER=spherical equivalent refraction.

Results

Between 18 June 2020 and 8 January 2021, 1335
volunteers were screened for eligibility (fig 1). Of
these, 665 (50%) volunteers met none of the exclusion
criteria and were scheduled to attend an eligibility
confirmation visit two weeks later. Of the 613 (92%)
people presenting for the examination, 299 (49%)
were eligible for inclusion in the trial and were
randomly assigned (1:1) to the laughter exercise group
or the 0.1% sodium hyaluronic acid (control) group.
The intention-to-treat population, therefore, included
149 participants in the intervention group and 150
participants in the control group. Table 1 shows
the baseline data for the 299 participants who were
randomly allocated a group. Participants had a mean
age of 28.9 (6.30) years, 74% (221/299) were women,
95% (283/299) have more than 12 years of education.
The high proportion of female participants is consistent
with the general population in that women are more
likely to have dry eye disease than men.’ *! “* Baseline
characteristics were well balanced between the two
groups. In the laughter exercise group, 92% (137/149)
of participants completed the scheduled follow-
up visits at 12 weeks, and that in the control group
was 98% (146/150). The median of the cumulative

95% Cl
—e— Mean

Between-group difference
of OSDI improvement

O \\

Non-inferiority

Superiority

1 v

-10
Week 4

J
Week 8 Week 12
Time

Fig 2 | The non-inferiority comparison between laughter exercise group and 0.1%
sodium hyaluronic acid group. The upper bound of the 95% confidence interval (CI)
—5.08 to 2.19 at eight weeks was less than the non-inferiority margin which had been
prespecified as 6, indicating that laughter exercise was not inferior to 0.1% sodium
hyaluronic acid at the primary end point, and tended to be converted to superiority at
12 weeks with the whole 95% Cl below the zero line (-7.62 to —-0.55). OSDI=ocular

surface disease index
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compliance during the eight week treatment was 85%
(interquartile range 65-96%) for the laughter exercise
group and 81% (68-90%) for the control group.

The primary outcome of mean change in the score of
the ocular surface disease index from baseline to eight
weeks was —10.5 points (95% CI -13.1 to —7.82) in the
laughter exercise group and -8.83 (-11.7 to -6.02) in
the control group. The decrease in the ocular surface
disease index scores was statistically significant in
both groups at eight weeks compared with baseline
(both P<0.001). The upper boundary of the confidence
interval for the mean between group difference in
change between laughter exercise and control was
lower than the non-inferiority margin of 6 points (-1.45
points (95% CI-5.08 to 2.19); P=0.43), suggesting that
the laughter exercise is not inferior to 0.1% sodium
hyaluronic acid eyedrops (fig 2). The intention-to-treat
analysis showed similar results (difference between
the two groups was -1.32 points, 95% CI -4.90 to
2.26; P=0.47)(table 2). Both treatments were stopped
at eight weeks at the trial end, with further evaluations
made at 12 week. The laughter exercise group had a
persistent and significantly greater decrease in the
ocular surface disease index score than did the control
group at 12 weeks (table 2, fig 2, supplementary figure
2): the mean between group difference was -4.08
points ((95% CI -7.62 to —0.55); P=0.024).

The secondary outcome of the proportion of
participants whose ocular surface disease index score
decreased by at least 10 points at eight weeks was 49.3
percentage points (95% CI 41.0 to 57.5) in the laughter
exercise group versus 47.3 (39.3 to 55.3) in the 0.1%
sodium hyaluronic acid group (mean difference 1.96
(95% CI -9.53 to 13.5); P>0.05)(table 3). After eight
weeks of treatments, the laughter exercise group had
a more significant improvement in non-invasive tear
break up time than did the control group, with a mean
between group difference was 2.30 seconds ((95% CI
1.30 to 3.30); P<0.001) in the change from baseline
to eight weeks (supplementary figure 3A). Changes in
other secondary outcome measures (supplementary
figure 3B-F) were not significant between the groups
(all P=0.05). As for the subjective scale scores,
improvements were noted in the self-rating anxiety
scale and self-rating depression scale score between
baseline and eight weeks in both groups (all P<0.01
for the change in each group, but no significant change
between groups), but not in the subjective happiness
scale and Pittsburgh sleep quality index scores (table
3). Additionally, the laughter exercise group showed a
significant improvement in the mental health subscale
of the 36-item short form health survey after eight
weeks (table 3).

Discussion

Principal findings

Our results showed that laughter exercise was non-
inferior to 0.1% sodium hyaluronic acid in alleviating
dry eye disease symptoms. Additionally, we found that
laughter exercise appeared to improve tear film stability
and the meibomian gland function. We observed high
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Table 2 | Adjusted effect of laughter exercise on primary outcome of OSDI score at eight weeks

Baseline adjusted between group

Outcomes Baseline* Follow up Change in OSDIt difference in change in OSDI#
No. Mean (SD) No. Mean (SD) No. Mean (95% Cl) Mean (95% Cl)
Week 8 (end of treatment)
Per protocol analysis (n=283):
Laughter exercise group 136 35.6 (12.9) 136 25.1(15.3) 136 -10.5 (-13.1to —-7.82)*** -1.45 (-5.08 t0 2.19)
0.1% HA group 147 36.7 (14.5) 147 27.9117.7) 147 -8.83 (-11.7 to —6.02)*** P=0.43
Intention to treat analysis (n=299):
Laughter exercise group 149 35.9 (13.6) 149 25.9 (15.9) 149 -10.0 (-12.8 t0 =7.29)*** -1.32 (-4.90t0 2.26)
0.1% HA group 150 36.8 (14.4) 150 28.0(17.6) 150 -8.79 (-11.6 to —6.03)*** P=0.47
Week 12 (end of trial)
Per protocol analysis (n=283):
Laughter exercise group 137 35.9(13.2) 137 21.3(14.7) 137 -14.6 (-17.2to —=11.9)*** -4.08 (-7.62 t0 —-0.55)
0.1% HA group 146 36.5 (14.2) 146 26.4(17.3) 146 -10.1 (-13.0 to =7.30)*** P=0.02
Intention to treat analysis (n=299):
Laughter exercise group 149 35.9 (13.6) 149 21.6 (15.1) 149 -14.3 (-17.1to -11.5)*** -3.95 (-7.50 to —0.40)
0.1% HA group 150 36.8 (14.4) 150 26.5(17.3) 150 -10.3 (-13.1to =7.43)*** P=0.03

Data are mean (SD) or difference mean

(95% CI).

Cl=confidence interval; HA=hyaluronic acid; OSDI=ocular surface disease index; SD=standard deviation.
*No statistically significant differences between two groups for all baseline comparisons by two sample t-test.

tPaired t-test.

fLinear regression with adjusting for OSDI grade at baseline.

**%P¢0.001.

cumulative compliance rates in the laughter exercise
group.

Dry eye disease imposes an economic burden on
both society and individuals because of healthcare
use, such as repeated medical visits and long term
eyedrops. Artificial tears are the mainstay of treatment
for dry eye disease, and 0.1% sodium hyaluronic
acid, one of the most widely used artificial tears, has
a proven therapeutic effect in alleviating subjective
ocular discomfort, and stabilising tear film in patients
with dry eye disease. In terms of alleviating symptoms,
laughter exercise was non-inferior to 0.1% sodium
hyaluronic acid in the per protocol and intention-to-
treat analyses in our study. The primary outcome was
ocular surface disease index score, a well validated
and widely used tool for outcome assessment in
clinical trials of dry eye disease.>*>* Moreover, laughter
exercise significantly improved tear film stability and
meibomian gland function. These benefits persisted
for at least four weeks after discontinuation of the
exercise, and such lasting efficacy was not noted in
0.1% sodium hyaluronic acid group.

Possible mechanisms

The biological mechanisms of laughter exercise on
dry eye disease are unclear. Lacrimal gland, which
secretes aqueous tears, and meibomian gland, which
secretes lipid, are both innervated dominantly by
parasympathetic nerves.” In the motor system,
vocalisations in laughter involve the motoneuronal cell
groups innervating the soft palate, pharynx, and larynx
as well as the diaphragm, intercostal, abdominal, and
pelvic floor muscles.** The contraction of respiratory
muscles in laughter, especially abdominal breathing,*’
stimulates the autonomic nervous system including
the activation of sympathetic and parasympathetic
nervous system.*® *” Consequently, laughter exercise

stimulates tear secretion via autonomic nervous
system activation.*®

Notably, the contraction of orbicularis muscle
(sphincter muscles of the eyelids) during laughter
exercise is another plausible explanation. According to
our results, patients in the laughter exercise group had
greater improvements in the secretory capacity of the
meibomian gland and properties of its secretion, when
compared with 0.1% sodium hyaluronic acid. During
the laughter exercise, patients were instructed to
perform the vocalisations aloud and exaggerate their
facial expressions, thus contracting the orbicularis
oculi muscle, which function as the sphincter muscles
of the eyelids, and are anatomically adjacent to the
meibomian glands.”’ The contraction of the Riolan
muscle, a distinct subdivision of striated orbicularis
muscle, compresses the ductules of the meibomian
gland, resulting in the extrusion of lipids onto the ocular
surface.’® Lipid tears are essential in maintaining tear
film stability by delaying tear evapouration.’!

Research has indicated that positive emotions in
non-human animals can induce tear secretion through
the release of oxytocin,>* which could be triggered by
laughter.”> In our study, we hypothesised that positive
emotions may also prompt tear secretion through deep
breathing, relaxation, and laughter during the laughter
exercise. The biological mechanisms underlying this
effect is warranted further study.

Dry eye disease is not only a topical disease but also
a systemic disease including brain and lifestyle.'! >*
Evidence indicates that lifestyle factors such as
mental health can induce or modulate the severity
of symptoms and signs of dry eye disease.!* *° *°
Symptoms of dry eye disease are closely associated
with anxiety and depression.’* >’ Individuals with
higher levels of subjective happiness have reported
fewer symptoms of dry eye disease.” '® Laughter
positively affects cognitive behaviour to improve and
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Table 3 | Intention to treat analysis: unadjusted effect of laughter exercise on clinical signs of dry eye disease at eight weeks

Laughter exercise group

0.1% hyaluronic acid group Between group

difference in change

Baselinet Week 8 Change (95% C)# Baselinet Week 8 Change (95% Cl)# (95% CI)§
Secondary outcomes
Proportion of decrease in OSDI ~ NA NA 49.3(41.0t057.5) NA NA 47.3(39.31055.3) 1.96 (-9.53t0 13.5)
total score of 210 (percentage
points), (1=299 people)
Clinical signs of dry eye disease, (n=598 eyes):
Non-invasive tear break up 7.95(3.65) 11.2(5.95) 3.21(2.43to 4.00)*** 7.91(3.69) 8.82(4.38) 0.92(0.29to 1.54)** 2.30 (1.30 to 3.30)***
time
TMH (um) 0.19 (0.05) 0.21(0.06) 0.02 (0.01 to 0.03)*** 0.19 (0.05) 0.20(0.06) 0.005 (-0.002t0 0.010) 0.014 (0.002 to 0.025)
CFS score 0.76 (1.56) 0.57 (1.44) -0.19 (=0.42 t0 0.04) 0.59 (1.27) 0.53(1.41) -0.06 (-0.27 t0 0.15) -0.13 (-0.43t00.17)
Psychological outcomes, (n=299 people):
SAS score 42.7 (9.15) 39.7(10.1) -3.05(-4.39to-1.71)*** 41.3(7.94) 39.3(8.42) -1.98(-3.14t0-0.82)*** -1.07 (-2.84t0 0.70)
SDS score 45.8(10.8) 42.8(11.4) -2.95(-4.40t0-1.50)*** 43.7 (10.4) 42.0(11.1) -1.68(-2.95t0-0.41)** -1.26 (-3.191t0 0.66)
SHS score 4.46 (1.24)  4.56(1.18) 0.09 (-0.06 to 0.24) 4.42(1.23)  4.52(1.15) 0.10 (-=0.05 to 0.25) -0.003 (-0.21t0 0.21)
PSQl score 6.49 (3.01) 6.63(2.90) 0.14 (-0.23t0 0.60) 6.67 (2.63) 6.84(2.88) 0.17 (-0.251t00.59) -0.04 (-0.66 t0 0.59)
SF-36 score:
Physical health subscale 92.6 (9.66) 94.0(8.76) 1.46 (-0.04 t0 2.95) 91.0(11.6) 92.5(11.2) 1.48(0.11to0 2.84)* -0.02 (-2.04 to 2.00)
Mental health subscale 64.7 (17.7)  68.0(19.3) 3.28 (0.80t0 5.75)** 67.1(16.3) 68.0(17.0) 0.89 (-1.06 to 2.85) 2.39 (-0.78 t0 5.55)
Exploratory outcomes (n=598 eyes)
Fluorescein tear break-up time 1.89(0.94) 3.70(1.58) 1.82(1.60t02.03) 1.91(0.94) 2.23(1.09) 0.32(0.16 t0 0.48) 1.50 (1.23t0 1.76)
Secretory capacity of meibomian  0.46 (0.68)  0.22 (0.47) -0.24 (-0.33to -0.14) 0.44 (0.64) 0.46 (0.64) 0.01(-0.07 t0 0.10) -0.25 (-0.38 t0 -0.13)
gland
Properties of meibomian glands  2.20 (0.86)  1.84(0.89) —0.36 (-0.48 to —0.24) 2.22(0.83) 2.35(0.73) 0.13(0.031t00.24) -0.49 (-0.65 to —-0.33)
secretion
Meibomian glands secretion 9.67 (5.29) 5.89 (4.17) -3.78 (-4.45t0-3.12) 9.57 (4.94) 10.7 (4.84) 1.13(0.54t01.71) -4.91 (-5.80 to -4.02)

property score

Data are mean (standard deviation) or difference mean (95% Cl).
CFS=corneal fluorescein staining; Cl=confidence interval; PSQI=Pittsburgh sleep quality index; SAS=self-rating anxiety scale; SDS=self-rating depression scale; SF-36=short form health survey;
SHS=subjective happiness scale; TMH=tear meniscus height.
*P<0.05, **P<0.01, ***P<0.001, P value for between group difference was adjusted by the Benjamini-Hochberg with a false discovery rate of 0.05 for multiple comparisons. After adjustment, only
the difference in non-invasive tear break-up time with P<0.001.
tNo baseline difference between groups for clinical outcomes by generalised estimated equation (GEE) model with adjusting for intra-eye correlation, and two sample t-test for psychological

outcomes.

$GEE model with adjusting for intra-eye correlation for clinical signs and paired t-test for psychological outcomes.
§GEE model with adjusting for intra-eye correlation for clinical signs and two sample t-test for psychological outcomes.
For the exploratory outcomes (table 3), the laughter exercise group showed amelioration in fluorescein tear break-up time by 1.82 seconds (95% CI 1.60 to 2.03), better than that in 0.1%
sodium hyaluronic acid group (mean difference 1.50 seconds (95% Cl 1.23 to 1.76)). Moreover, the function of the meibomian gland was improved only in the laughter exercise group, with the
meibomian gland secretory capacity improved by —0.24 (95% Cl -0.33 to —0.14), and meibomian gland secretion property score improved by —3.78 (-4.45 to —3.12). The above clinical signs
for monocular results were consistent with those for binoculars (supplementary table 1).
No adverse events were reported in either study group.

establish healthy physical, psychological, and social
relationships, and thereby quality of life.”®*° A study
published in 2022 indicated that a facial mimicry
laughter could both amplify and initiate feelings of
happiness, regardless of the presence or absence of
emotional stimuli.®* We modified our laughter exercise
by facial mimicry and voluntary facial action tasks,
which might have a similar positive effect to laughter.®!
Evidence suggests that laughter therapy is a tool in
lifestyle medicine that can improve sleep quality,
and physical and psychological functions (eg, body
weight, subjective stress, subjective well being),** and
promote energy expenditure.*®> We also observed
the improved mental health score in laughter exercise
group. More frequent daily laughter is associated with
a lower prevalence of lifestyle related diseases, such as
hypertension, diabetes mellitus, and heart disease.®®
Thus, laughter exercise might alleviate dry eye disease
indirectly by creating a persisting positive effect on
lifestyle. This effect might also explain the continued
improvement in ocular surface disease index observed
between eight and 12 weeks, following the termination
of the trial.

thelbmj | BMJ2024;386:€080474 | doi: 10.1136/bmj-2024-080474

Strengths and limitations of this study

Strengths of this trial include the randomised
controlled design, careful compliance monitoring and
support, high rates of both compliance and follow-up,
and good effort to standardise the laughter exercise
intervention with the use of videos.

However, our study had limitations. A double
blinded study design was not practical because this
would necessitate a sham laughter exercise for which
no approach has been validated. To minimise possible
placebo effects, participants were informed that the
study aimed to compare the effects of two different
interventions without alluding to the possible effects of
laughter exercise. Additionally, laughter exercise has a
greater time investment when compared with the use
of eyedrops, albeit minimal.

Future directions

Future research should assess the most effective
frequency and duration of laughter exercise. The
biological mechanisms warrant further testing by
experimental studies. Furthermore, research into
laughter exercise for other ocular conditions compared
with other artificial tears, with or without lipids, and



higher concentrations of sodium hyaluronic acid,
would provide a more comprehensive understanding
of therapeutic potential. Moreover, the association
between dry eye disease and lifestyle disorders is
complicated, and a comprehensive approach should
be investigated in the future.

Conclusions

The findings of this randomised controlled trial suggest
that laughter exercise, four times a day, was non-inferior
to 0.1% sodium hyaluronic acid, four times a day,
in improving dry eye disease symptoms and clinical
signs. As a safe, environmentally friendly, and low cost
intervention, laughter exercise could serve as a first-line,
home based treatment for people with symptomatic dry
eye disease and limited corneal staining.
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