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Oral frailty (OF) is a form of frailty. Laughter and social communication such as talking and 
participating in community activities, contribute to extending healthy life expectancy by reducing 
stress and increasing physical activity. However, limited research exists on the association between 
laughter and social communication and OF. This cross-sectional study aimed to explore the association 
of laughter and social communication with the risk of developing OF using the eight-item OF Index 
among Fukushima residents. In 2020–2021, 916 residents aged 60–79 were surveyed regarding OF and 
psychosocial factors. Binomial logistic regression analysis was performed to calculate odds ratios (ORs) 
and 95% confidence intervals (CIs) for psychosocial factors associated with the OF prevalence. The OF 
prevalence was 41.5%. The sex- and age-adjusted ORs (95% CIs) for psychosocial factors associated 
with OF prevalence were 0.38 (0.26–0.57) for daily laughter, 0.51 (0.35–0.76) for laughter 1–5 times/
week, 0.42 (0.20–0.89) for daily talking, 0.40 (0.22–0.72) for participating in community activities more 
than once/week, and 0.29 (0.20–0.43) for no depressive symptoms. After multivariate adjustment, 
only daily laughter and no depressive symptoms were associated with OF. As a public health strategy, 
increasing laughter and social communication frequencies, along with reducing depressive symptoms, 
may enhance healthy life expectancy through improved frailty.
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In Japan, the proportion of people aged ≥ 65 years is approximately 29.2%1, and this proportion is expected 
to increase further2. With the increasing life expectancy and the aging population in developed countries, the 
incidence of frailty is estimated at 43.4 new cases per 1,000 person-years3. Frailty is defined as a transition from 
healthy aging to disability4,5. In Japan, a super-aging society with an aging population rate exceeding 21%, the 
impact of frailty on physical, mental, and social well-being poses significant challenges, including increased 
medical costs, dementia, and a growing need for care6. Additionally, the association between poor oral function 
and frailty7,8 as well as between the number of remaining teeth and mortality9,10 makes maintaining oral health 
crucial for extending healthy life expectancy. Oral health has been reported as a potential predictor of physical 
frailty (PF) and a marker of deteriorating oral health status11. In 2014, the term “oral frailty” (OF) was proposed 
by the Japan Dental Association to describe a series of negative processes resulting from changes in aging-related 
oral conditions (e.g., number of teeth, oral hygiene, and oral function), reduced interest in oral health, and 
diminished physical and mental reserve capacity12,13. These changes increase oral vulnerability and can lead to 
eating dysfunction, further influencing PF and causing a decline in physical and mental function. A longitudinal 
study of approximately 2000 older adults in Kashiwa showed that individuals with OF had more than twice the 
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incidence of PF, sarcopenia, care needs, and mortality compared with those without OF14, indicating the role 
of OF in these issues. Despite its significance, no established method exists for evaluating OF15. In Japan, the 
most commonly used criteria to assess OF include (1) poor oral hygiene (oral uncleanliness), (2) xerostomia, (3) 
poor bite strength, (4) poor lingual-lip motor function, (5) low tongue pressure, (6) poor masticatory function, 
and (7) poor swallowing function16. However, some of these parameters require specialized training and dental 
equipment for evaluation. Nevertheless, simple questionnaires have been developed. The eight-item OF Index 
(OFI-8), developed by Tanaka et al. and endorsed by the Japanese Dental Association, objectively reflects oral 
function through dentist-conducted oral examinations17. Such a straightforward questionnaire proves valuable 
for easily evaluating the risk of developing OF during health checkups and nondental outpatient settings.

Recently, factors such as social communication—meeting with friends and participating in social activities—
along with the absence of depression, exercise, and nutrition interventions, have been reported to be associated 
with the prevention of frailty18–21. Recent studies indicate that laughter may play a role in preventing the onset 
and severity of lifestyle-related diseases by reducing the physical symptoms of stress22–25. A large prospective 
study found that enjoying life reduces the risk of cardiovascular disease-related mortality26. Furthermore, a cross-
sectional study reported that individuals who laugh less have a higher risk of heart disease compared with those 
who laugh more27. These findings suggest that laughter and social communication may be linked to extended life 
expectancy and healthy life expectancy. While previous studies have suggested a potential relationship between 
laughter, social communication, and health outcomes, the specific impact on oral health has been underexplored. 
Therefore, this study aimed to explore the association of laughter and social communication with the prevalence 
of OF by conducting a cross-sectional questionnaire survey using the OFI-8 among residents of Fukushima 
Prefecture. The findings of this study may be valuable for enhancing our understanding of and addressing OF 
and PF, thereby contributing to increased healthy life expectancy.

Methods
Study design, setting, and participants
In this cross-sectional study, a physical function test and questionnaire survey were conducted during Naraha 
Town’s health checkups in 2020 and 2021 among 1717 residents aged 60–79 years. Participants were enrolled 
based on their residence in Naraha Town, age (60–79 years at the time of the health checkup), and willingness to 
participate in the study. Additionally, individuals whose OF status could not be determined due to incomplete 
answers to the OFI-8 questions were excluded. Considering the potential impact of the COVID-19 pandemic28 
on health examination participation, the survey period was set for 2 years, from September 1 to September 6, 
2020, and from September 6 to September 13, 2021. For participants who attended both checkups, data from 
the 2020 assessment were used. Duplicates were excluded. Ultimately, the data of 916 participants were analyzed 
(Fig. 1).

This study complied with the provisions of the Declaration of Helsinki, and the study protocol was approved 
by the Fukushima Medical University Ethics Committee (approval number 29143). A questionnaire was mailed 
to the residents by the town 2–3 weeks before the health checkup, along with an explanation of the study’s 
purpose, and the questionnaire was collected during the examination. By submitting the questionnaire at the 
checkup, participants provided written informed consent to participate. The questionnaires were checked for 
missing entries by university staff.

Fig. 1.  Flowchart of study participants.

 

Scientific Reports |        (2024) 14:26818 2| https://doi.org/10.1038/s41598-024-77966-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Measurements
OF
OFI-817 was used to classify participants’ OF status. It comprises the following eight questions: (1) Do you have 
any difficulties eating tough foods compared with 6 months ago? (2) Have you choked on your tea or soup 
recently? (3) Do you use dentures? (4) Do you often have a dry mouth? (5) Do you go out less frequently than 
you did last year? (6) Can you eat hard foods like squid jerky or pickled radish? (7) How many times do you 
brush your teeth in a day (≥ 2 times/day)? and (8) Do you visit a dental clinic at least annually?

The score gives double weight to the three most critical component questions (questions 1–3). Specifically, 
if participants answered “yes” to questions 1–3, 2 points were given for each response. If participants answered 
“yes” to questions 4–8, 1 point was given for each response17. The total OFI-8 score ranges from 0 to 11 points, 
with 0–2 points classified as oral robust (ORO), 3 points as oral prefrailty (OPF), and ≥ 4 points as OF17. To 
determine the frequency of daily tooth brushing, participants were asked if they brush their teeth daily (yes/no). 
The timing of tooth brushing was reported with options: upon waking, after breakfast, after lunch, after dinner, 
before bed, or others. Tooth brushing frequency was categorized into two groups based on whether participants 
brushed their teeth at least twice a day.

PF
PF was assessed using the Japanese version of the Cardiovascular Health Study criteria (J-CHS criteria) developed 
by Fried et al.29,30 The J-CHS includes five items: (1) weight loss, (2) feeling tired, (3) no physical activity, (4) 
walking speed (≤ 1.0 m/s), and (5) grip strength (< 28 kg in men and < 18 kg in women). Each item is scored 
1 point. The total score ranges from 0 to 5 points, with 0 points classified as robust, 1–2 points as prefrailty 
(PPF), and 3–5 points as PF. Physical activity was scored based on whether both regular and light exercise were 
performed once a week or less. Walking speed and grip strength were measured by trained university staff. Grip 
strength was measured twice for each hand using a Takei handgrip dynamometer (Takei Scientific Instruments 
Co. Ltd., Tokyo, Japan), and the maximum value was used to determine PF. To identify participants who were 
immobile, the maximum walking speed was used instead of normal walking speed to determine PF, as normal 
walking speed is less likely to change with exercise intervention31.

Laughter and social communication
Based on our previous studies27,32, daily laughter frequency was assessed by asking the question, “How often 
do you laugh out loud?” Response options included “almost every day/1–5 days per week/1–3 days per month/
almost never.” Similarly, the frequency of daily talking with others was assessed using the same response options. 
Additionally, the frequency of participation in community activities was evaluated with response options of 
“almost every day/1–5 days per week/1–3 days per month/almost never/never.”

Lifestyle factors and other confounding factors
Lifestyle factors were collected for the following: smoking status (never/past/current) and current drinking 
habits (never/occasional/almost daily). Physical activity was classified as regular and light exercise, either light or 
regular exercise, or no exercise. Additionally, potential confounders such as sex (men/women), age, body mass 
index, depressive symptoms, and history of hypertension, diabetes mellitus (DM), and dyslipidemia (no/yes) 
were collected. Depressive symptoms were evaluated using two questions based on the Primary Care Evaluation 
of Mental Disorders Procedure33 developed and validated for screening mental disorders: (1) “During the past 
month, have you often been bothered by feeling down, depressed, or hopeless?” and (2) “During the past month, 
have you often been bothered by little interest or pleasure in doing things?” Participants answering “yes” to both 
questions were considered to have depressive symptoms, those answering “no” to both were considered to have 
no depressive symptoms, and others were classified as having depressive tendencies34.

Statistical analysis
Regarding the basic characteristics, the variables for OF, laughter, social communication, and lifestyle factors 
were presented as categorical variables (frequency and proportion) and continuous variables (mean and 
standard deviation). Odds ratios (ORs) and their 95% confidence intervals (CIs) were calculated using binomial 
logistic regression models to compare the group with OF versus the group without OF (ORO + OPF). The factors 
analyzed included sex, age, PF or PPF, depressive symptoms, frequencies of laughter, talking, and participation 
in community activities, as well as history of hypertension and DM, smoking and drinking habits, and physical 
activity. Two multivariate-adjusted models were used: Model 1 was adjusted for sex and age, whereas Model 2 
was adjusted for sex, age, PF, and history of hypertension, DM, and lifestyle factors. These adjustment variables 
were selected based on factors previously reported to be related to frailty35–37. Stratified analyses were performed 
for each sex and age category, as sex and age may have interactive effects. Statistical analyses were performed 
using SAS version 9.4 (SAS Institute, Cary, NC, USA). A p-value < 0.05 was considered statistically significant.

Results
Characteristics of the participants and prevalence of OF
The participants’ characteristics and OF status by sex and age category are shown in Table 1. The mean age of 
the participants was 68.4 years (67.3 years for those with ORO, 68.7 years for those with OPF, and 69.3 years for 
those with OF). The prevalence of OPF was 18.2%, slightly higher among women and those in their 70s. The 
prevalence of OF was 41.5%, also higher among individuals in their 70s.
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Multivariate adjustment analysis for the prevalence of OF on laughter and social 
communication
Table 2 shows the ORs and 95% CIs for each factor considered in the multivariate models (Models 1 and 2) 
using logistic regression analysis for the prevalence of OF, with the reference group being those without OF 
(ORO + OPF).

After adjustment for sex and age (Model 1), the following factors were significantly associated with the 
prevalence of OF: age, PF or PPF, no depressive symptoms, laughter (almost every day or 1–5 times/week), 
talking almost every day, participation in community activities more than once a week, smoking habits (current 
or past), daily drinking habits, and physical activity (light and regular). After multivariate adjustment (Model 2), 
the factors that remained significantly associated with the prevalence of OF included age, women, no depressive 
symptoms, laughter (almost every day), smoking habits (current or past), and daily drinking habits. However, 

Variable Sex Age category All

Classification Men Women 60–69 years 70–79 years

N = 916 N (%) N (%) N (%) N (%) N (%)

N 423 (46.2) 493 (53.8) 537 (58.6) 379 (41.4) 916 (100.0)

Age, years (n, %)
(Mean, SD) 68.4 (4.9) 68.4 (5.1) 64.9 (2.9) 73.3 (2.6) 68.4 (5.0)

60 ≤ age < 69 251 (59.3) 286 (58.0) 537 (58.6)

Sex (n, %) Women 286 (53.3) 207 (54.6) 493 (53.8)

Oral frailty (n, %)

Robust 172 (40.7) 197 (40.0) 244 (45.4) 125 (33.0) 369 (40.3)

Prefrailty 65 (15.4) 102 (20.7) 92 (17.1) 75 (19.8) 167 (18.2)

Frailty 186 (44.0) 194 (39.4) 201 (37.4) 179 (47.2) 380 (41.5)

Physical frailty (n, %)

Robust 153 (42.6) 187 (44.3) 188 (40.2) 152 (48.6) 340 (43.5)

Prefrailty 196 (54.6) 224 (53.1) 268 (57.3) 152 (48.6) 420 (53.8)

Frailty 10 (2.8) 11 (2.6) 12 (2.6) 9 (2.9) 21 (2.7)

Hypertension (n, %) Yes 272 (66.3) 259 (56.2) 287 (57.2) 244 (66.1) 531 (61.0)

Diabetes mellitus (n, %) Yes 115 (33.2) 78 (21.4) 90 (21.8) 103 (34.6) 193 (27.2)

Dyslipidemia (n, %) Yes 226 (59.8) 318 (71.3) 317 (66.3) 227 (65.6) 544 (66.0)

Body mass index (n, %)

18.5 ≤ BMI < 25.0 244 (58.8) 300 (62.9) 313 (59.7) 231 (62.8) 544 (61.0)

0 < BMI < 18.5 6 (1.5) 23 (4.8) 16 (3.1) 13 (3.5) 29 (3.3)

25.0 ≤ BMI 165 (39.8) 154 (32.3) 195 (37.2) 124 (33.7) 319 (35.8)

Smoking habit (n, %)

Never 103 (24.4) 437 (88.6) 318 (59.2) 222 (58.7) 540 (59.0)

Past 226 (53.6) 35 (7.1) 143 (26.6) 118 (31.2) 261 (28.5)

Current 93 (22.0) 21 (4.3) 76 (14.2) 38 (10.1) 114 (12.5)

Drinking habit (n, %)

Never 200 (47.4) 450 (91.3) 370 (68.9) 280 (74.1) 650 (71.0)

Occasional 154 (36.5) 42 (8.5) 122 (22.7) 74 (19.6) 196 (21.4)

Almost daily 68 (16.1) 1 (0.2) 45 (8.4) 24 (6.4) 69 (7.5)

Physical activity (n, %)

Light and regular 159 (37.6) 169 (34.4) 191 (35.6) 137 (36.2) 328 (35.9)

Either light or regular 125 (29.6) 161 (32.7) 147 (27.4) 139 (36.8) 286 (31.3)

No 139 (32.9) 162 (32.9) 199 (37.1) 102 (27.0) 301 (32.9)

Depressive symptom (n, %)

No 365 (87.1) 404 (83.1) 461 (86.5) 308 (82.8) 769 (85.0)

Tendency 22 (5.3) 33 (6.8) 33 (6.2) 22 (5.9) 55 (6.1)

Yes 32 (7.7) 49 (10.2) 39 (7.4) 42 (11.4) 81 (9.0)

Frequency of laughter (n, %)

Almost every day 155 (36.9) 214 (44.2) 214 (39.7) 157 (42.4) 369 (40.8)

1–5 times/week 186 (44.3) 205 (42.4) 234 (44.4) 154 (41.6) 391 (43.3)

1–3 times/month 48 (11.4) 52 (10.7) 62 (11.6) 38 (10.3) 100 (11.1)

Almost never 31 (7.4) 13 (2.7) 23 (4.3) 21 (5.7) 44 (4.9)

Frequency of talking (n, %)

Almost every day 348 (83.7) 400 (82.8) 452 (85.4) 296 (80.0) 748 (83.2)

1–5 times/week 52 (12.5) 67 (13.9) 63 (11.9) 56 (15.1) 119 (13.2)

1–3 times/month 5 (1.2) 10 (2.1) 8 (1.5) 7 (1.9) 15 (1.7)

Almost never 11 (2.6) 6 (1.2) 6 (1.1) 11 (3.0) 17 (1.9)

Frequency of participation in community activities (n, %)

Almost every day 4 (1.0) 1 (0.2) 2 (0.4) 3 (0.8) 5 (0.6)

1–5 times/week 15 (3.7) 54 (11.6) 36 (7.0) 33 (9.3) 69 (7.9)

1–3 times/month 110 (27.2) 128 (27.6) 123 (24.0) 115 (32.3) 238 (27.4)

Almost never 192 (47.4) 150 (32.3) 222 (43.3) 120 (33.7) 342 (39.4)

Never 84 (20.7) 131 (28.2) 130 (25.3) 85 (23.9) 215 (24.7)

Table 1.  Oral frailty prevalence and basic background information of the 916 participants. Data are presented 
as means with the standard deviations or numbers with proportions. SD = standard deviation.
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the associations with talking and participation in community activities, which were significant in Model 1, were 
no longer statistically significant in Model 2. Although there was an association between women and OF in 
Model 2, this association disappeared when smoking habit was excluded from the analysis, resulting in an OR 
(95%CI) of 1.16 (0.83–1.63) for women (data not shown) due to confounding by smoking.

Table 3 shows the ORs and 95% CIs for each factor considered in the multivariate models (Model 2) using 
logistic regression analysis for the prevalence of OF by sex and age category, with the reference group being those 
without OF (ORO + OPF).

In both men and women, significant associations were observed between the prevalence of OF and age, 
depressive symptoms, and current smoking habits, along with a significant trend for laughter almost every day. 
Additionally, in men, there was a significant association with daily drinking as well as significant trends for 
laughter 1–5 times/week and past smoking habits. In women, there was a significant association with DM, along 
with a significant trend for occasional drinking.

In the age category of 60–69 years, significant associations were found between the prevalence of OF and age, 
depressive symptoms, and current smoking habits. There were also significant associations with past smoking 
habits, daily drinking habits, physical activity (both light and regular), and laughter (almost every day, 1–5 times/
week), along with a significant trend for occasional drinking. In the age category of 70–79 years, significant 
trends were also observed for PF and talking 1–5 times/week. No significant differences were found in either age 
category for participation in community activities.

Discussion
In this cross-sectional study of residents in Fukushima Prefecture, negative associations with the prevalence of 
OF were found for the frequencies of laughter and social communication—such as talking and participation in 
community activities—no depressive symptoms, and physical activity. Conversely, positive associations with the 
prevalence of OF were found for PF and lifestyle factors (such as smoking and drinking habits). The associations 
between laughter (almost every day or 1–5 times/week), no depressive symptoms, current smoking habits, and 

Variable Model 1 a OR (95% CI) Model 2 b OR (95% CI)

Physical frailty or prefrailty (Ref. robust) 1.79 (1.32–2.41) 1.33 (0.91–1.97)

Lifestyle factors

Smoking habit (Ref. no)

Current 3.09 (1.91–4.99) 2.63 (1.57–4.40)

Past 1.74 (1.17–2.58) 1.75 (1.15–2.66)

Drinking habit (Ref. no)

Daily 1.68 (1.17–2.40) 1.70 (1.15–2.51)

Occasionally 1.14 (0.79–1.64) 1.37 (0.93–2.03)

Physical activity (Ref. no)

Light and regular 0.54 (0.39–0.76) 0.80 (0.53–1.19)

Either light or regular 0.73 (0.52–1.03) 1.00 (0.66–1.53)

Laughter and social communication

Frequency of laughter (Ref. < once/week)

Almost every day 0.38 (0.26–0.57) 0.54 (0.34–0.86)

1–5 times/week 0.51 (0.35–0.76) 0.66 (0.43–1.02)

Frequency of talking (Ref: < once/week)

Almost every day 0.42 (0.20–0.89) 0.80 (0.35–1.84)

1–5 times/week 0.53 (0.24–1.19) 0.77 (0.32–1.90)

Frequency of participation in community activities (Ref: never)

More than once a week 0.40 (0.22–0.72) 0.64 (0.34–1.20)

1–3 times/month 0.78 (0.53–1.14) 1.04 (0.69–1.58)

Almost never 1.01 (0.71–1.44) 1.19 (0.82–1.75)

No depressive symptom (Ref. yes or tendency) 0.29 (0.20–0.43) 0.39 (0.25–0.61)

Medical history

Hypertension (Ref. no) 1.18 (0.89–1.57) 1.11 (0.82–1.52)

Diabetes mellitus (Ref. no) 1.19 (0.84–1.67) 1.18 (0.81–1.70)

Age (continuously) 1.07 (1.04–1.10) 1.08 (1.05–1.11)

Women (Ref. men) 0.83 (0.63–1.08) 1.74 (1.14–2.65)

Table 2.  Sex- and age-adjusted and multivariate odds ratios and 95% confidence intervals for OF. a Model 
1: adjusted for sex and age. b Model 2: adjusted for sex and age, physical frailty status, smoking status, 
drinking status, habitual physical activity, and history of hypertension and diabetes mellitus. Binomial logistic 
regression models were used to calculate ORs and their 95% CIs. Bold indicates significance. OR = odds ratio; 
CI = confidence interval; Ref = reference.
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PF or PPF and the prevalence of OF were particularly pronounced, even after stratifying by sex and age category. 
Poor oral function is associated with physical deterioration, such as PF and sarcopenia14, and improving or 
preventing OF is likely to help prevent PF. Thus, interventions that incorporate laughter and approaches to 
reduce depressive symptoms may be effective in improving OF.

The prevalence of OF among our participants was 41.5%, with a higher prevalence observed in those in 
their 70s, consistent with reports of declining oral function with age38. Previous reviews have noted an increase 
in frailty with age, with a higher prevalence among women39,40. However, among all participants in this study, 
2.7% had PF, 53.8% had PPF, with little difference in prevalence rates between men and women, and 48.6% were 
robust in their 70s. This variation may be attributed to the relatively young age range (60–79 years) of the study 
participants compared with those in other studies. Additionally, the use of maximum walking speed, as opposed 
to normal walking speed, may have resulted in a more lenient determination of PF than in other studies. Further 
studies should compare results obtained from assessing both normal and maximum walking speeds.

Several meta-analyses have highlighted the positive effects of laughter on both physical and mental 
health22–24. Laughter has been shown to improve vascular endothelial function41 and activate the brain42. 
Muscular engagement during laughter, which involves thoracic, abdominal, and facial muscles, may enhance 
cognitive function by increasing blood flow through cerebral blood vessels. Individuals who report less frequent 
laughter are associated with a higher risk of cognitive decline, elevated rates of total mortality, and an increased 
need for caregiving43. Additionally, laughter contributes to increased daily energy expenditure44 and engages 
facial muscles, potentially improving and preventing OF. Moreover, depression reduces laughter45, whereas 
laughter alleviates depression through stress reduction22, which may improve both OF and psychological frailty. 

Variable

Sex Age category

Men a Women a 60–69 years b 70–79 years b

Physical frailty or 
prefrailty (Ref. robust) 1.29 (0.71–2.33) 1.33 (0.77–2.29) 1.07 (0.62–1.87) 1.74 (0.96–3.14)

Lifestyle factors

Smoking habit (Ref. no)

Current 2.13 (1.13–4.01) 5.03 (1.60–15.83) 2.97 (1.52–5.78) 3.23 (1.27–8.17)

Past 1.65 (0.96–2.86) 1.82 (0.82–4.03) 2.08 (1.17–3.71) 1.82 (0.89–3.72)

Drinking habit (Ref. no)

Daily 1.87 (1.12–3.14) 1.21 (0.57–2.58) 2.71 (1.61–4.57) 0.80 (0.41–1.57)

Occasionally 1.42 (0.73–2.76) 1.56 (0.93–2.60) 1.71 (0.99–2.93) 1.07 (0.57–2.02)

Physical activity (Ref. no)

Light and regular 0.76 (0.42–1.38) 0.87 (0.48–1.57) 0.48 (0.27–0.83) 1.44 (0.74–2.82)

Either light or regular 0.91 (0.47–1.76) 1.05 (0.59–1.89) 0.76 (0.42–1.36) 1.44 (0.74–2.81)

Laughter and social communication

Frequency of laughter (Ref. < once/week)

Almost every day 0.56 (0.29–1.05) 0.55 (0.27–1.12) 0.45 (0.24–0.85) 0.70 (0.34–1.48)

1–5 times/week 0.59 (0.31–1.09) 0.74 (0.38–1.43) 0.54 (0.30–0.96) 0.80 (0.39–1.63)

Frequency of talking (Ref: < once/week)

Almost every day 0.67 (0.20–2.21) 0.78 (0.22–2.70) 0.96 (0.27–3.38) 0.55 (0.16–1.92)

1–5 times/week 0.75 (0.20–2.80) 0.71 (0.20–2.58) 1.24 (0.32–4.75) 0.36 (0.10–1.38)

Frequency of participation in community activities (Ref: never)

More than once a week 0.53 (0.14–1.96) 0.62 (0.29–1.34) 0.65 (0.25–1.69) 0.65 (0.26–1.62)

1–3 times/month 1.42 (0.74–2.74) 0.80 (0.45–1.43) 1.04 (0.58–1.88) 1.19 (0.63–2.26)

Almost never 1.42 (0.79–2.54) 1.07 (0.63–1.83) 0.97 (0.59–1.62) 1.50 (0.81–2.79)

No depressive 
symptom (Ref. yes or 
tendency)

0.30 (0.15–0.62) 0.44 (0.24–0.79) 0.30 (0.17–0.55) 0.42 (0.21–0.85)

Medical history

Hypertension (Ref. no) 1.07 (0.67–1.72) 1.14 (0.73–1.76) 1.10 (0.72–1.68) 1.13 (0.69–1.83)

Diabetes mellitus 
(Ref. no) 0.83 (0.50–1.38) 1.89 (1.07–3.36) 1.37 (0.80–2.36) 1.02 (0.59–1.75)

Age (continuously) 1.07 (1.02–1.12) 1.09 (1.04–1.14) 1.18 (1.10–1.27) 1.10 (1.01–1.20)

Women (Ref. men) 1.91 (1.10–3.34) 1.55 (0.74–3.24)

Table 3.  Multivariate odds ratios and 95% confidence intervals for oral frailty by sex and age category. Model 
2: a Adjusted for age and physical frailty (PF) status, smoking status, drinking status, habitual physical activity, 
and history of hypertension and diabetes mellitus (DM). b Adjusted for sex and age, PF status, smoking 
status, drinking status, habitual physical activity, and history of hypertension and DM. Binomial logistic 
regression models were used to calculate ORs and their 95% CIs. Bold indicates significance. OR = odds ratio, 
CI = confidence interval, Ref = reference.
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Those who laugh every day report lower rates of lifestyle-related diseases46, indicating a potential preventive role 
for laughter in OF. In Japan, health classes for older participants often include OF countermeasures, such as face 
and tongue exercises. Consistent participation in these classes is crucial for maintaining physical and mental 
function, and laughter classes particularly demonstrate high participation and continuity rates47. A laughter 
intervention program combining laughter yoga (simulated laughter) and rakugo (spontaneous laughter), 
conducted across multiple facilities, observed improvements in participants’ physical and mental well-being 
due to the exercise and stress-relieving effects of laughter, along with a high participation rate25. Social activities 
and interactions with family and friends contribute to increased laughter in daily life48. A previous laughter 
intervention study noted a significant increase in the social network (frequency of meeting people) among 
participants in the intervention group25. In the present study, the frequency of laughter was correlated with 
the frequencies of talking (r = 0.31, p < 0.0001) and participation in community activities (r = 0.13, p = 0.0001), 
aligning with the association of laughter frequency with social factors. Meanwhile, it has been reported that 
shorter conversation times are associated with worse swallowing function49. Decreased social activity, leading 
to reduced conversation and lower tongue pressure, has been directly linked to OF50. In this study, those who 
talked almost daily or participated in community activities more than once a week had lower ORs for having 
OF. These findings are consistent with those of previous studies involving conversation and social networks49,51. 
Further studies should evaluate causality longitudinally, including psychological factors such as the SF-36 
questionnaire52,53, to assess the broader impact of OF on health-related quality of life.

Depressive symptoms were strongly associated with the prevalence of OF in both men and women, consistent 
with findings reported by Tanaka et al., who indicated that those with OF had higher depression scores14. 
Individuals with depression may experience oral dryness due to antidepressant medication and their depressed 
mood, leading to poor oral hygiene, increased dental caries, and worsening periodontal disease54. Additionally, 
depression likely prevents people from receiving appropriate dental care. A depressed mood may result in 
decreased tooth brushing frequency, which could be strongly associated with OF. Although comparisons cannot 
be made because actual oral conditions, such as caries and periodontitis, were not investigated, the results were 
stratified by age category, revealing that more factors associated with OF were found in participants in their 60s 
than in those in their 70s. This is likely because middle-aged and older adults have more remaining teeth and 
periodontal disease, and they may be more susceptible to social factors, such as work and family, which can be 
related to depression55. Because depression is linked to a worsening oral environment54 and is a cause of frailty 
onset56,57, it is important to implement measures to address depressive symptoms.

The strengths of this study are twofold. First, to the best of our knowledge, this is the first epidemiological study 
on the association between OF prevalence and laughter. Second, the study achieved an overall high participation 
rate (93.1%), indicative of a strong inclination for engagement within this population. Given that laughter does 
not require specialized skills and can be easily embraced by individuals anywhere and at any time, it presents a 
cost-effective measure if incorporated as a preventive strategy for OF. In an intervention study conducted by the 
authors, participants with metabolic risk factors experienced physical and mental benefits, including improved 
health-related quality of life and well-being, reduced stress and depression, and weight loss25. Laughter classes 
also demonstrate a high retention rate among participants, suggesting that social activities are likely to persist 
and contribute to an increase in healthy life expectancy through improved OF. Laughter yoga is now widespread 
in more than 100 countries, and with many laughter yoga clubs throughout Japan, it can be easily incorporated 
into public health strategies at the local government level.

This study has several limitations. First, although the participation rate in the medical examinations was 
high, the age range of participants was relatively young (60–79 years old), and older adults aged > 80 years were 
excluded, which may lead to biased results compared with the general population. However, participation in 
these examinations was voluntary, and healthier, more active individuals aged > 70 years tended to be more 
willing to participate. Therefore, the prevalence of OF may be low even if the participants included those older 
than 80 years. In fact, half of the 14 participants over the age of 80 years who were excluded from the analysis 
had OF. However, the small sample size made evaluation difficult. Given that people in their 50s and 60s are in 
an age group where awareness of oral function decline exists but awareness of physical function decline is low58, 
it would be beneficial to survey younger participants, particularly those in their 60s and 70s, to screen for OF 
as early as possible. Second, because no oral examination was conducted and the evaluation was subjective, the 
results may differ from actual oral conditions, such as the presence or absence of dental treatment, number of 
teeth, and presence or absence of dentures. However, according to Tanaka et al.17, the area under the curve was 
0.88 for those with an OFI-8 score of ≥ 4, which is comparable to conventional measures of OF calculated by 
chewing ability, tongue pressure, number of natural teeth, articulation oral motor skills, and subjective items 
(e.g., difficulty in eating hard foods and swallowing). Therefore, similar results are likely to be expected from 
subjective evaluations. Furthermore, a 1-point increase in the OFI-8 score is associated with an increased risk 
of developing OF and physical disability17. Thus, the OFI-8 assessment is likely to be useful in large-scale health 
examinations as it enables screening for OF without an oral examination. Although dental checkups examine 
dental caries and periodontal disease, it seems necessary to introduce risk assessments for the development of 
OF, such as the OFI-8, in addition to regular dental checkups to detect OF at an early stage, particularly in older 
adults. Third, the COVID-19 pandemic in 2020–2021 may have imposed greater restrictions on outings and 
activities than usual, rendering individuals more susceptible to frailty and OF. Indeed, a cohort of community-
dwelling individuals aged ≥ 70 years reported worsening mental health, declining physical health, and reduced 
quality of life due to the pandemic59,60. Therefore, the prevalence of OF and frailty observed in this survey 
during the COVID-19 pandemic may exceed typical levels, necessitating future longitudinal investigations. 
Fourth, although we assessed the association of OF with depressive symptoms using a questionnaire, we did 
not investigate depression or antidepressant medication in participants’ medical histories and were unable to 
adjust for these factors. However, the PRIME-MD33 was developed to screen for psychiatric disorders, and 

Scientific Reports |        (2024) 14:26818 7| https://doi.org/10.1038/s41598-024-77966-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


its validity and effectiveness have been evaluated, making it suitable for screening psychiatric symptoms in a 
straightforward manner during health examinations like the present study. Finally, because this was a cross-
sectional study, it is difficult to determine causal relationships. However, it is unlikely that laughter and social 
communication decrease due to OF. Further longitudinal research is needed to confirm whether laughter and 
social communication can prevent the onset of OF.

Conclusions
This cross-sectional study revealed that the frequencies of laughter and social communication, and depressive 
symptoms is associated with OF. Because OF is linked to the development of frailty, which may further lead to 
cerebrovascular disease, it is necessary to increase the frequencies of laughter and social communication while 
reducing depressive symptoms associated with OF to enhance healthy life expectancy. Additionally, laughter, 
which is effective in improving both physical and mental health, may serve as a preventive measure against 
frailty caused by multiple factors. It could be implemented as a public health strategy to prevent disease and 
reduce a need for care among residents.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available, as they belong to 
Naraha Town. However, they are available from the corresponding author upon reasonable request.
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