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Abstract
Although laughter is a familiar part of everyday life and often arises in moments shared with other
people, its association with happiness has rarely been examined in a large population-based sample
while simultaneously accounting for social network size. We analyzed cross-sectional data from the
2016 Japan Gerontological Evaluation Study. Participants rated happiness on a 1–10 scale, which was
analyzed as a continuous outcome using multivariable linear regression. Among 12,624 participants in
the unified complete-case analytical sample, 42.3% reported laughing almost every day. Compared with
participants who almost never laughed, those who laughed almost every day had a 1.79-point higher
happiness score (95% CI 1.52–2.06, p < 0.001) in the fully adjusted model including the laughter
frequency × social network size interaction. The interaction was not statistically significant (95% CI − 
0.041 to 0.013), suggesting that the positive association between laughter and happiness was observed
irrespective of social network size. Additional adjustment for green tea consumption in the same 12,624
participants left the association essentially unchanged (β = 1.786, 95% CI 1.518–2.054, p < 0.001). These
findings suggest that laughter, an ordinary behavior often woven into human relationships and daily
social life, may be independently associated with greater happiness among community-dwelling older
adults in Japan.

Introduction
Happiness is a significant aspect of human life, and numerous studies have been conducted to measure
it and to identify its determinants [1–9]. For example, income has been shown to have a robust
association with emotional well-being [10], although the causal interpretation of such associations
remains debated [11]. Although Japan is well known for healthy longevity, subjective happiness among
older adults is often reported to be relatively modest, and identifying modifiable daily behaviors that
enhance happiness remains an important public health goal [1, 2]. Laughter is a universal, largely non-
verbal human behavior that functions as emotional expression and social communication [12, 13]. From
a physiological perspective, laughter has been shown to reduce circulating cortisol and other stress-
related biomarkers [14], and to modulate immune and cardiovascular function [15, 16]. Sociologically,
laughter predominantly occurs within social interaction and is thought to strengthen social bonds, buffer
against loneliness, and reinforce social capital [16–18], consistent with the broader literature linking
social ties to mental health [19].

In Japan, several studies conducted within the Japan Gerontological Evaluation Study (JAGES) cohort
have shown that a low frequency of laughter is associated with adverse health outcomes among older
adults, including poorer subjective health [20], a higher prevalence of cardiovascular disease [21],
depressive symptoms [22], incident functional disability [23, 24], reduced oral function and oral frailty
[25–27], and loneliness [28], although one large cohort found no significant association between
laughter frequency and all-cause mortality [23]. Laughter frequency has also been linked to visual status
[29] and to lifestyle factors and social ties following disaster exposure [30]. Laughter frequency itself
appears to be shaped by social context: a greater variety and frequency of social interactions [17] and
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equivalised household income [18] have both been linked to more frequent laughter among older
Japanese adults, in keeping with broader evidence that social isolation and loneliness shape health and
well-being in later life [31, 32]. While these studies have clarified the physical, cognitive, and affective
correlates of low laughter frequency, comparatively few large-scale studies have directly examined the
relationship between the frequency of laughter and subjective happiness itself while simultaneously
accounting for the size of an individual's social network.

Recently, a study using the same JAGES framework demonstrated a significant positive association
between green tea consumption and happiness after adjustment for social network size, underscoring
both the utility of this large-scale cohort and the importance of accounting for social network size when
investigating modifiable lifestyle and behavioral correlates of happiness [33]. Other JAGES-based studies
have similarly linked specific daily activities and socioeconomic conditions, such as watching sports [34]
and pension type [35], to happiness among older Japanese adults. Given that laughter, like tea
consumption, is a routine behavior deeply embedded in everyday social life and in Japanese cultural
values of interdependence [36–39], we hypothesized that the frequency of laughter would show a
comparable, independent, graded association with happiness.

To the best of our knowledge, no previous large-scale population-based study has directly examined the
association between frequency of laughter and subjective happiness while simultaneously accounting
for social network size and additionally evaluating the robustness of this association to adjustment for
green tea consumption.

Therefore, this cross-sectional study aimed to examine the association between the frequency of
laughter and happiness while accounting for social network size, using the same 2016 JAGES dataset
and analytic framework as our companion study of green tea consumption and happiness [33]. In
addition to estimating this association, we sought to consider laughter in the context in which it
commonly occurs: everyday relationships and opportunities for connection with other people.

Results
Among the 12,624 participants included in the unified analysis, 6,258 (49.6%) were female and 6,366
(50.4%) were male. Table 1 presents the distribution of participant characteristics across four
happiness-score groups (0–6, 7, 8, and 9–10). Participants who laughed almost every day accounted for
42.3% of the total sample, and this proportion increased markedly with happiness level, from 27.7%
among participants with happiness scores of 0–6 to 60.4% among those with scores of 9–10. A similar
gradient was observed for social network size: the proportion of participants with 10 or more friends met
per month rose from 25.6% in the 0–6 group to 46.5% in the 9–10 group.
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Table 1
Descriptive statistics by happiness level (N = 12,624)

Characteristic Category 0–6 7 8 9–10 Total p-
value

  N = 
4,011

N = 
2,268

N = 
3,231

N = 
3,114

N = 
12,624

 

Frequency of
laughter

Almost
never

433
(10.8%)

89

(3.9%)

88

(2.7%)

55

(1.8%)

665

(5.3%)

< 
0.001

  1–3
days/month

760
(18.9%)

309
(13.6%)

320
(9.9%)

198
(6.4%)

1,587
(12.6%)

 

  1–5
days/week

1,706
(42.5%)

1,007
(44.4%)

1,333
(41.3%)

980
(31.5%)

5,026
(39.8%)

 

  Almost
every day

1,112
(27.7%)

863
(38.1%)

1,490
(46.1%)

1,881
(60.4%)

5,346
(42.3%)

 

Social network
size (no. friends
met/month)

0 466
(11.6%)

136

(6.0%)

189

(5.8%)

169

(5.4%)

960

(7.6%)

< 
0.001

  1–2 941
(23.5%)

392
(17.3%)

476
(14.7%)

408
(13.1%)

2,217
(17.6%)

 

  3–5 1,051
(26.2%)

568
(25.0%)

778
(24.1%)

668
(21.5%)

3,065
(24.3%)

 

  6–9 525
(13.1%)

339
(14.9%)

471
(14.6%)

421
(13.5%)

1,756
(13.9%)

 

  ≥ 10 1,028
(25.6%)

833
(36.7%)

1,317
(40.8%)

1,448
(46.5%)

4,626
(36.6%)

 

Green tea
consumption
(cups/day)

< 1 881
(22.0%)

411
(18.1%)

565
(17.5%)

515
(16.5%)

2,372
(18.8%)

< 
0.001

  1 662
(16.5%)

366
(16.1%)

500
(15.5%)

440
(14.1%)

1,968
(15.6%)

 

  2–3 1,398
(34.9%)

839
(37.0%)

1,151
(35.6%)

1,044
(33.5%)

4,432
(35.1%)

 

  ≥ 4 1,070
(26.7%)

652
(28.7%)

1,015
(31.4%)

1,115
(35.8%)

3,852
(30.5%)

 

Sex Female 1,790
(44.6%)

1,053
(46.4%)

1,633
(50.5%)

1,782
(57.2%)

6,258
(49.6%)

< 
0.001

  Male 2,221
(55.4%)

1,215
(53.6%)

1,598
(49.5%)

1,332
(42.8%)

6,366
(50.4%)
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Characteristic Category 0–6 7 8 9–10 Total p-
value

  N = 
4,011

N = 
2,268

N = 
3,231

N = 
3,114

N = 
12,624

 

Age (years) < 70 1,398
(34.9%)

856
(37.7%)

1,133
(35.1%)

975
(31.3%)

4,362
(34.6%)

< 
0.001

  70–74 1,165
(29.0%)

681
(30.0%)

884
(27.4%)

846
(27.2%)

3,576
(28.3%)

 

  75–79 886
(22.1%)

438
(19.3%)

698
(21.6%)

689
(22.1%)

2,711
(21.5%)

 

  80–84 426
(10.6%)

227
(10.0%)

351
(10.9%)

387
(12.4%)

1,391
(11.0%)

 

  ≥ 85 136

(3.4%)

66

(2.9%)

165
(5.1%)

217

(7.0%)

584

(4.6%)

 

Education
(years)

≤ 9 1,292
(32.2%)

545
(24.0%)

739
(22.9%)

917
(29.4%)

3,493
(27.7%)

< 
0.001

  10–12 1,744
(43.5%)

1,032
(45.5%)

1,423
(44.0%)

1,227
(39.4%)

5,426
(43.0%)

 

  ≥ 13 975
(24.3%)

691
(30.5%)

1,069
(33.1%)

970
(31.1%)

3,705
(29.3%)

 

Equivalent
income (USD)

< 10,000 637
(15.9%)

198

(8.7%)

271
(8.4%)

313
(10.1%)

1,419
(11.2%)

< 
0.001

  10,000–
19,999

1,702
(42.4%)

799
(35.2%)

1,052
(32.6%)

937
(30.1%)

4,490
(35.6%)

 

  20,000–
29,999

946
(23.6%)

623
(27.5%)

841
(26.0%)

757
(24.3%)

3,167
(25.1%)

 

  30,000–
39,999

463
(11.5%)

395
(17.4%)

624
(19.3%)

564
(18.1%)

2,046
(16.2%)

 

  ≥ 40,000 263

(6.6%)

253
(11.2%)

443
(13.7%)

543
(17.4%)

1,502
(11.9%)

 

Smoking status Never 2,052
(51.2%)

1,223
(53.9%)

1,920
(59.4%)

2,079
(66.8%)

7,274
(57.6%)

< 
0.001

  Former 1,385
(34.5%)

778
(34.3%)

1,004
(31.1%)

787
(25.3%)

3,954
(31.3%)

 

  Current 574
(14.3%)

267
(11.8%)

307
(9.5%)

248

(8.0%)

1,396
(11.1%)

 

Page 5/18



Characteristic Category 0–6 7 8 9–10 Total p-
value

  N = 
4,011

N = 
2,268

N = 
3,231

N = 
3,114

N = 
12,624

 

Drinking status Never 1,846
(46.0%)

1,067
(47.0%)

1,567
(48.5%)

1,690
(54.3%)

6,170
(48.9%)

< 
0.001

  Former 511
(12.7%)

230
(10.1%)

310

(9.6%)

247

(7.9%)

1,298
(10.3%)

 

  Current 1,654
(41.2%)

971
(42.8%)

1,354
(41.9%)

1,177
(37.8%)

5,156
(40.8%)

 

Any disease
(incl. depression)

No 542
(13.5%)

398
(17.5%)

662
(20.5%)

728
(23.4%)

2,330
(18.5%)

< 
0.001

  Yes 3,469
(86.5%)

1,870
(82.5%)

2,569
(79.5%)

2,386
(76.6%)

10,294
(81.5%)

 

Living alone No 3,352
(83.6%)

2,001
(88.2%)

2,919
(90.3%)

2,835
(91.0%)

11,107
(88.0%)

< 
0.001

  Yes 659
(16.4%)

267
(11.8%)

312
(9.7%)

279

(9.0%)

1,517
(12.0%)

 

Values are n (%) within each happiness-score group. Happiness was categorized as scores of 0–6, 7, 8,
and 9–10, consistent with the classification used in our companion study of green tea consumption and
happiness [33]. p-values were calculated using the χ2 test.

Association between Frequency of Laughter, Social
Network Size, and Happiness
Table 2 shows the results of the multivariable linear regression analysis in the unified analytical sample
(N = 12,624). In Model 3, which adjusted simultaneously for social network size, sex, age, education,
income, smoking, alcohol use, disease status, living alone, and the laughter frequency × social network
size interaction, participants who laughed 1–3 days per month had a 0.690-point higher happiness score
(95% CI 0.530–0.850, p < 0.001), those who laughed 1–5 days per week had a 1.162-point higher score
(95% CI 0.972–1.351, p < 0.001), and those who laughed almost every day had a 1.792-point higher score
(95% CI 1.524–2.060, p < 0.001), compared with participants who almost never laughed. Larger social
network size was also positively associated with happiness. The interaction term between laughter
frequency and social network size was not statistically significant (β=−0.014, 95% CI − 0.041 to 0.013),
indicating no evidence that the positive association between laughter and happiness differed according
to social network size.
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Table 2
Association of each factor with happiness from multivariable linear regression analysis (N = 12,624)

Characteristic Category β 95% CI p-
value

Frequency of laughter Almost never Reference    

  1–3
days/month

0.690 0.530–0.850 < 0.001

  1–5 days/week 1.162 0.972–1.351 < 0.001

  Almost every
day

1.792 1.524–2.060 < 0.001

Social network size (no. friends
met/month)

0 Reference    

  1–2 0.155 0.021–0.289 0.024

  3–5 0.368 0.212–0.523 < 0.001

  6–9 0.488 0.284–0.692 < 0.001

  ≥ 10 0.728 0.476–0.980 < 0.001

Sex Female Reference    

  Male −0.048 −0.131–0.035 0.258

Age (years) < 70 Reference    

  70–74 0.066 −0.009–0.140 0.084

  75–79 0.192 0.110–0.273 < 0.001

  80–84 0.397 0.294–0.500 < 0.001

  ≥ 85 0.933 0.786–1.080 < 0.001

Education (years) ≤ 9 Reference    

  10–12 −0.024 −0.096–0.049 0.523

  ≥ 13 0.152 0.071–0.233 < 0.001

Equivalent income (USD) < 10,000 Reference    

  10,000–19,999 0.196 0.096–0.296 < 0.001

  20,000–29,999 0.382 0.275–0.488 < 0.001

  30,000–39,999 0.543 0.427–0.659 < 0.001

  ≥ 40,000 0.824 0.699–0.949 < 0.001

Smoking status Never Reference    
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Characteristic Category β 95% CI p-
value

  Former −0.188 −0.272–
−0.104

< 0.001

  Current −0.358 −0.465–
−0.251

< 0.001

Drinking status Never Reference    

  Former −0.146 −0.251–
−0.041

0.007

  Current 0.000 −0.071–0.072 0.995

Any disease (incl. depression) No Reference    

  Yes −0.396 −0.472–
−0.320

< 0.001

Living alone No Reference    

  Yes −0.353 −0.445–
−0.261

< 0.001

Laughter × network interaction   −0.014 −0.041–0.013 0.302

Constant   5.603 5.394–5.811 < 0.001

CI, confidence interval. Model adjusted simultaneously for all variables shown, including the laughter ×
social-network-size interaction term.

Additional Analysis Adjusting for Green Tea Consumption

In the same unified analytical sample (N = 12,624), the positive association between laughter frequency
and happiness remained essentially unchanged after additional adjustment for green tea consumption.
Compared with participants who almost never laughed, the coefficients before versus after additional
adjustment for green tea consumption were 0.690 (95% CI 0.530–0.850) versus 0.687 (95% CI 0.527–
0.847) for 1–3 days per month, 1.162 (95% CI 0.972–1.351) versus 1.159 (95% CI 0.969–1.348) for 1–5
days per week, and 1.792 (95% CI 1.524–2.060) versus 1.786 (95% CI 1.518–2.054) for almost every day
(all p < 0.001). Green tea consumption of ≥ 4 cups/day was positively associated with happiness
compared with < 1 cup/day (β = 0.113, 95% CI 0.026–0.201, p = 0.011), whereas the estimates for 1
cup/day and 2–3 cups/day were not statistically significant.
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Table 3
Same-sample additional analysis with and without adjustment for green tea consumption

(N = 12,624)
Characteristic Category β 95% CI p-value

Frequency of laughter

(without green tea)

1–3 days/month 0.690 0.530–0.850 < 0.001

  1–5 days/week 1.162 0.972–1.351 < 0.001

  Almost every day 1.792 1.524–2.060 < 0.001

Frequency of laughter

(with green tea)

1–3 days/month 0.687 0.527–0.847 < 0.001

  1–5 days/week 1.159 0.969–1.348 < 0.001

  Almost every day 1.786 1.518–2.054 < 0.001

Green tea consumption < 1 cup/day Reference    

  1 cup/day 0.051 −0.049–0.151 0.316

  2–3 cups/day 0.015 −0.069–0.099 0.727

  ≥ 4 cups/day 0.113 0.026–0.201 0.011

CI, confidence interval. Both models used the same analytical sample and were adjusted for social
network size, sex, age, education, equivalent annual income, smoking, alcohol use, disease status, living
alone, and the laughter × social-network-size interaction term. The green-tea-adjusted model additionally
included green tea consumption (< 1, 1, 2–3, or ≥ 4 cups/day).

Discussion
To the best of our knowledge, this is the first large-scale population-based study to demonstrate a
graded, independent association between the frequency of laughter and subjective happiness among
community-dwelling older adults while simultaneously accounting for social network size and
additionally evaluating the robustness of this association to adjustment for green tea consumption.
When the interaction between laughter frequency and social network size was examined, no significant
interaction was found. Thus, the association between more frequent laughter and greater happiness was
not confined to older adults with larger social networks; a similar pattern was observed across different
network sizes. This point may be especially meaningful from a community-health perspective. The
number of people in one's network is important, but the present findings also invite attention to the
quality of everyday moments within and beyond those networks—including occasions to smile, laugh,
feel at ease, and experience connection. This finding parallels our companion analysis of green tea
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consumption and happiness using the same JAGES dataset [33], in which another culturally embedded
daily behavior was positively associated with happiness independently of social network size.

Our findings are consistent with, and extend, a growing body of JAGES-based evidence linking a low
frequency of laughter with adverse health outcomes among older Japanese adults, including a higher
prevalence of cardiovascular disease [21], greater risk of incident functional disability [23, 24], and
increased loneliness [28]. Most directly relevant, a recent six-year longitudinal JAGES study found that
older adults who rarely laughed had a substantially higher risk of subsequent depression onset than
those who laughed almost every day [40]. In the present study, the association between laughter
frequency and happiness was also highly stable when green tea consumption was added to the model in
the same 12,624 participants. For example, the coefficient for laughing almost every day changed only
from 1.792 (95% CI 1.524–2.060) to 1.786 (95% CI 1.518–2.054), supporting the robustness of the
association to additional adjustment for this daily lifestyle factor. The association remained essentially
unchanged after additional adjustment for green tea consumption, supporting the robustness of the
observed association between laughter frequency and happiness.

Several mechanisms may explain the observed association. From a physiological standpoint, a recent
systematic review and meta-analysis found that spontaneous laughter significantly reduces salivary and
serum cortisol levels [14], and laughter has also been shown to enhance immune function, including
natural killer cell activity [15], and to be associated with an elevated pain threshold through the release of
endorphins during social laughter [16]. From a psychosocial standpoint, laughter predominantly occurs
within social interaction [17, 18]. It may therefore be more than an individual emotional response: in daily
life, laughter can be part of shared experiences through which people communicate ease, belonging, and
mutual presence. According to the broaden-and-build theory of positive emotions, positive experiences
such as laughter may broaden an individual's momentary thought-action repertoire and build enduring
social and psychological resources over time [41, 42]. At the neural and physiological level, humor and
laughter have been shown to activate mesolimbic reward circuitry [43] and to modulate autonomic
nervous system activity [44]. Within the Japanese cultural emphasis on interdependence and communal
harmony [36–39], opportunities to laugh with family, friends, neighbors, and others in the community
may therefore be relevant not only as pleasant moments, but also as expressions of relationally
grounded well-being [38].

These findings have potential public health relevance. Because laughter frequency appears to be shaped
by opportunities for social interaction [17, 18], efforts to support well-being should not be interpreted
simply as asking individuals to laugh more. Rather, communities may benefit from creating welcoming
and inclusive opportunities in which older adults can meet others, participate at their own pace, and
naturally share enjoyable moments. Group activities, cultural or recreational gatherings, comedy events,
and laughter-yoga sessions are possible examples, and laughter-based interventions have shown
benefits for mood and quality of life in older populations [14]. Importantly, such approaches should
respect individual preferences, relationships, and cultural contexts, with the broader aim of nurturing
places where people can feel connected and valued.
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Strengths and Limitations
The strengths of this study include its large, population-based sample and its simultaneous adjustment
for social network size alongside a broad range of demographic, socioeconomic, lifestyle, and health-
related covariates, using an analytic framework directly comparable to our companion study of green tea
consumption and happiness [33]. However, several limitations should be noted. First, the cross-sectional
design precludes causal inference; it remains plausible that happier individuals simply laugh more often
(reverse causation), and longitudinal JAGES data have shown that the onset of frequent laughter is
associated with subsequent reductions in loneliness [28], suggesting that bidirectional pathways are
likely. Second, both laughter frequency and happiness were assessed by self-report, which may be
subject to recall bias, social desirability bias, and common method bias [45]. Third, the municipalities
participating in the JAGES survey were not randomly selected, which may limit the generalizability of
these findings to other populations. Fourth, although we adjusted for a substantial set of covariates and
conducted a same-sample additional analysis including green tea consumption, residual confounding by
unmeasured factors cannot be excluded.

This study found that a higher frequency of laughter was independently associated with greater
happiness among community-dwelling older adults in Japan, even after adjusting for social network size
and a broad range of demographic, socioeconomic, lifestyle, and health-related confounding factors. The
association remained stable after additional adjustment for green tea consumption. Although the cross-
sectional design does not establish causality, the findings suggest that laughter may be understood not
only as an individual behavior but also as part of the ordinary social moments through which people
experience enjoyment and connection. Supporting opportunities for meaningful interaction, while
respecting the diversity of older adults' relationships and ways of living, may therefore be relevant to
efforts to promote well-being in aging communities.

Methods

Participants
This cross-sectional study investigated whether the frequency of laughter is associated with happiness
and examined the influence of social network size on this relationship, using data from the same 2016
wave of the Japan Gerontological Evaluation Study (JAGES) analyzed in our companion study of green
tea consumption and happiness [33, 46]. The JAGES is one of the few population-based gerontological
surveys in Japan that focuses on social environments and the social determinants of health [46]. A self-
administered questionnaire including items on the frequency of laughter was mailed between October
and December 2016 to 34,567 functionally independent, community-dwelling residents aged 65 years or
older in 39 municipalities, of whom 19,634 individuals were independent in Activities of Daily Living
(ADL) and were treated as the base study population. For the present unified complete-case analysis,
participants with missing values for laughter frequency, happiness, social network size, covariates, or
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green tea consumption were excluded. The final analytical sample comprised 12,624 participants (7,010
excluded from the base study population; 35.7%).

Dependent Variable
The dependent variable in this study was happiness, measured using the same single-item indicator as
in our companion study [33]. Participants rated their happiness on a scale of 1 to 10, with 10 indicating
the happiest and 1 indicating the least happy. This score was treated as a continuous variable and used
as the dependent variable in the multivariate linear regression analyses.

Independent Variable
The frequency of laughter was evaluated using a single self-reported item widely used in prior JAGES
investigations, “How often do you usually laugh out loud in your daily life?”, with four response
categories: almost never, 1–3 days per month, 1–5 days per week, and almost every day [21, 22]. These
categories were used as an independent, ordinal variable in the multivariate linear regression analyses,
with “almost never” as the reference category. As in our companion study of green tea consumption [33],
an interaction term between social network size and laughter frequency was additionally created to
examine interaction effects. Social network size (number of friends met per month: 0, 1–2, 3–5, 6–9, or
≥ 10) was assessed using the same JAGES item as in the tea-consumption study [33].

Covariates
The following variables were considered potential confounders: social network size (number of friends
met per month), sex, age category (< 70, 70–74, 75–79, 80–84, or ≥ 85 years), years of education (≤ 9,
10–12, or ≥ 13 years), equivalent annual income (USD < 10,000, 10,000–19,999, 20,000–29,999, 30,000–
39,999, or ≥ 40,000; 100 yen = 1 USD), smoking status (never, former, or current), drinking status (never,
former, or current), presence of any disease including depressive symptoms assessed using a validated
screening approach [47] (yes/no), and living alone (yes/no).

Statistical Analyses
Descriptive statistics were summarized by happiness level. For descriptive presentation, happiness
scores were grouped as 0–6, 7, 8, and 9–10, using the same cut-off scheme as our companion study of
green tea consumption and happiness [33]. Happiness was retained as a continuous variable in the
linear regression analyses. Linear regression models were used to examine the association between
laughter frequency and happiness. Model 1 included laughter frequency, social network size, sex, age,
education, and equivalent annual income. Model 2 additionally included smoking, alcohol use, disease
status, and living alone. Model 3 additionally included an interaction term between laughter frequency
and social network size, with both variables modeled as ordinal scores for the interaction term. Missing
data were handled using complete-case analysis. To ensure direct comparability across all models and
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the green-tea-adjusted analysis, all analyses reported in Tables 1–3 used the same unified analytical
sample with complete green tea consumption data (N = 12,624).

As an additional analysis, we examined whether the association between laughter frequency and
happiness was robust to additional adjustment for green tea consumption. Using the same unified
analytical sample (N = 12,624), the fully adjusted model including the laughter frequency × social
network size interaction was first fitted without green tea consumption and subsequently refitted with
green tea consumption (< 1, 1, 2–3, or ≥ 4 cups/day) included as an additional covariate. This same-
sample comparison ensured that changes in coefficients reflected adjustment for green tea
consumption rather than differences in the analytical sample.

All analyses were conducted using Stata 18 software (Stata Corp, College Station, TX, USA), and a two-
sided test with p < 0.05 was considered statistically significant.
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Figures

Figure 1

Association between laughter frequency and happiness before and after adjustment for green tea
consumption. Regression coefficients (β) and 95% confidence intervals are shown for each laughter-
frequency category, with “almost never” as the reference group. Both models were based on the same
unified analytical sample (N=12,624). Estimates remained nearly unchanged after additional adjustment
for green tea consumption, indicating the stability of the association between laughter frequency and
happiness.
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