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ABSTRACT
Objective To investigate determining factors of happiness 
during the COVID- 19 pandemic.
Design Observational study.
Setting Large online surveys in Japan before and during 
the COVID- 19 pandemic.
Participants A random sample of 25 482 individuals who 
are representatives of the Japanese population.
Main outcome measure Self- reported happiness 
measured using a 10- point Likert scale, where higher 
scores indicated higher levels of happiness. We defined 
participants with ≥8 on the scale as having high levels of 
happiness.
Results Among the 25 482 respondents, the median 
score of self- reported happiness was 7 (IQR 6–8), with 
11 418 (45%) reporting high levels of happiness during 
the pandemic. The multivariable logistic regression model 
showed that meaning in life, having a spouse, trust in 
neighbours and female gender were positively associated 
with happiness (eg, adjusted OR (aOR) for meaning in 
life 4.17; 95% CI 3.92 to 4.43; p<0.001). Conversely, 
self- reported poor health, anxiety about future household 
income, psychiatric diseases except depression and 
feeling isolated were negatively associated with happiness 
(eg, aOR for self- reported poor health 0.44; 95% CI 0.39 
to 0.48; p<0.001). Using machine- learning methods, we 
found that meaning in life and social capital (eg, having 
a spouse and trust in communities) were the strongest 
positive determinants of happiness, whereas poor health, 
anxiety about future household income and feeling isolated 
were important negative determinants of happiness. 
Among 6965 subjects who responded to questionnaires 
both before and during the COVID- 19 pandemic, there was 
no systemic difference in the patterns as to determinants 
of declined happiness during the pandemic.
Conclusion Using machine- learning methods on data 
from large online surveys in Japan, we found that 
interventions that have a positive impact on social capital 
as well as successful pandemic control and economic 
stimuli may effectively improve the population- level 
psychological well- being during the COVID- 19 pandemic.

INTRODUCTION
The COVID- 19 pandemic has impacted the 
physical, psychological and social aspects of 

our lives. Recent studies have reported the 
negative impacts of the pandemic on mental 
health across the world.1–3 For example, 
Zacher and Rudolph4 found that self- reported 
well- being of the population in Germany has 
decreased during the COVID- 19 pandemic, 
and Wang and Tang5 reported 44.8% of 
study participants were depressed under the 
initial COVID- 19 pandemic in China. The 
deterioration of mental health during the 
pandemic may be attributable to multiple 
factors including physical and social isola-
tion from lockdowns imposed to control the 
outbreaks, and economic downturns due to 
the pandemic.6 7 Additionally, the psycholog-
ical stress itself was likely to cause excessive 
preventive behaviour against the COVID- 19, 
which could exacerbate population psycho-
logical state.8 Given that the worsening of 
population mental health could result in a 
rise in suicide rates,9 it is critically important 
for policymakers to design interventions that 
could effectively buffer the negative impact of 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first study that investigated the determi-
nants of happiness during the COVID- 19 pandemic 
using data on more than 25 000 individuals in Japan.

 ⇒ We used machine- learning methods to compre-
hensively investigate various factors that may af-
fect people’s self- reported happiness during the 
COVID- 19 pandemic.

 ⇒ Our surveys using a single question based on a 
10- point Likert scale could capture only some as-
pects of happiness, which is a multifaceted concept.

 ⇒ Given the exploratory design of our research, we 
could not elucidate causal relationships between 
the candidate factors and individuals’ levels of hap-
piness during the COVID- 19 pandemic.

 ⇒ Our finding may not be generalisable to the popu-
lations in other countries or among people who are 
not experiencing the pandemic.
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the COVID- 19 pandemic on the psychological well- being 
of the population.

However, designing interventions to maintain the 
well- being of the population during the pandemic is not 
straightforward because the general foundation of well- 
being is highly complicated.10 11 According to GENIAL 
framework, well- being is defined as positive psychological 
experience, which is impacted by sociocontextual factors 
beyond the control of each individual,11 and the influ-
ence of sociocontextual factors on well- being could be 
mediated by three major pathways: behavioural, psycho-
logical and physiological mechanisms.12 Therefore, in 
this study, we focused on determinant factors of happi-
ness (ie, psychological well- being) for designing interven-
tions to ameliorate major societal challenges during the 
dramatic changes in our lifestyle due to the pandemic.

Studies conducted before the COVID- 19 pandemic 
found that sociodemographic factors (eg, academic 
attainment and income) are among the strongest predic-
tors of happiness.13 14 However, with the dramatic alter-
ations in our lifestyle caused by the COVID- 19 outbreak, 
the perceptions and priorities that determine our happi-
ness also may have changed. Although recent research 
has identified several factors regarding COVID- 19 that 
could act as psychological stressors—such as longer dura-
tion of quarantines, financial loss and stigma1 15–17—few 
studies have investigated the determinants of happiness 
during the COVID- 19 pandemic.4 16

To address this important knowledge gap, we inves-
tigated the factors determining happiness during the 
COVID- 19 pandemic using machine- learning methods 
on data from large online surveys in Japan.

METHODS
Data source and study participants
We retrospectively analysed the data of two sequential, 
large, cross- sectional, self- reported questionnaire online 
surveys: (1) the Japan ‘COVID- 19 and Society’ Internet Survey 
(JACSIS) study and (2) the Japan ‘Society and New Tobacco’ 
Internet Survey (JASTIS) study. Both surveys, conducted by 
a large internet research agency (Rakuten Insight, Tokyo, 
Japan),18 included approximately 2.2 million panel-
lists who are representatives of the Japanese population 
from the perspectives of age, gender and socioeconomic 
status.19 Using the unique individual number assigned 
to each participant, we were able to identify the subjects 
who participated in both the JACSIS and JASTIS studies, 
providing us data from before and during the pandemic 
for these participants.

In the JACSIS study, the questionnaires were randomly 
distributed to 224 389 panellists selected by each category 
of gender, age and prefecture (covering all 47 prefectures 
in Japan) among 2.2 million panellists on 25 August 2020. 
The target numbers of respondents for each gender, 
age and prefecture category were met on 30 September 
2020 (target numbers for each gender, age and prefec-
ture category had been determined in advance based on 

the population distribution in 2019; 28 000 respondents; 
and response rate of 12.5%). We finally identified 25 482 
respondents—defined as ‘total respondents’—after 
excluding 2518 respondents with unnatural or inconsis-
tent responses from 28 000 respondents using the original 
algorithm we developed. We used this cross- sectional data 
set, including 25 482 respondents, to investigate determi-
nants of happiness during the COVID- 19 pandemic as 
our primary analysis.

Similarly, 11 000 people responded to the question-
naires in the JASTIS study, which was conducted prior to 
the JACSIS study between 9 February and 2 March 2020 
(before the COVID- 19 pandemic), and we identified 7434 
respondents who replied to both the JASTIS and JACSIS 
studies using the unique individual number assigned to 
each participant. Among the 7434 subjects, we defined 
6965 individuals with ≥3 out of the 10- point self- reported 
happiness scale in the JASTIS study as ‘longitudinal 
respondents’ to investigate the determinants of declined 
happiness (a decrease by ≥2 on the 10- point self- reported 
happiness scale) during the COVID- 19 pandemic. 
Given that the state of emergency over COVID- 19 was 
first declared in Japan on 7 April 2020, we defined the 
COVID- 19 pandemic period as beginning after April 2020 
in this study. We used this longitudinal data set, including 
6965 panellists, to investigate determinants of declined 
happiness during the COVID- 19 pandemic.

Candidate determinants of happiness
We selected the candidate determinants of happiness 
from the JACSIS study data based on prior studies looking 
at the factors associated with well- being—a superordinate 
concept of happiness.10–12 Specifically, we used respon-
dents’ demographics (ie, age,20 21 gender,13 22 body mass 
index), sociodemographic characteristics (eg, having a 
spouse,13 academic attainment,13 type of occupation,23 
reception of public assistance,24 annual household income 
more than average in Japan, ≥5 000 000 yen (≥US$48 000 
based on an exchange rate of 105 yen per US dollar as 
of August 2020)13), COVID- 19- related sociodemographic 
characteristics (eg, anxiety about future household 
income, one- time receipt of the 100 000 yen (US$950) 
support allowance for the COVID- 19 pandemic,25 trust in 
communities, online interactions, feeling isolated during 
the COVID- 19 pandemic26) and health- related or psycho-
logical characteristics (chronic conditions other than 
psychiatric diseases (ie, hypertension, diabetes, asthma, 
coronary disease, stroke, chronic obstructive pulmonary 
disease (COPD), cancer),27 depression,28 psychiatric 
diseases other than depression (eg, schizophrenia),29 
chronic pain,30 meaning in life,31 32 self- reported poor 
health,33 worsening self- reported health during the 
pandemic). The respondents with activities of daily living 
(ADL) intact were defined as those who had no problems 
walking, washing or dressing by themselves; nor with the 
usual activities in the EuroQoL 5 Dimensions 5- Level 
questionnaire used in the JACSIS study.34 All the candi-
date determinants are shown in table 1.
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COVID-19 pandemic in Japan and related policies
We defined the areas most affected by the COVID- 19 
pandemic as the seven prefectures (Tokyo, Kanagawa, 
Saitama, Chiba, Osaka, Hyogo and Fukuoka) where the 
state of emergency over COVID- 19 was first declared on 
7 April 2020. The Japanese government established the 

support allowance system (100 000 yen per person) under 
the COVID- 19 outbreak in April 2020.25

Outcome measures (happiness)
Our primary outcome was self- reported happiness. Partic-
ipants were asked to rate their levels of happiness using 

Table 1 Sociodemographic and health- related characteristics of respondents during the COVID- 19 pandemic

Variables
Total respondents
(n=25 482)

Longitudinal respondents
(n=6965)

Age (year), median (IQR) 49 (35–64) 49 (32–61)

Female gender 12 809 (50) 2926 (42)

BMI (kg/m2), median (IQR) 21.9 (19.8–24.2) 21.9 (19.7–24.2)

Sociodemographic characteristics

  Living alone 4997 (20) 1380 (20)

  Having a spouse 15 230 (60) 3880 (56)

  Having any children 8584 (34) 2179 (31)

  Family caregiver 1923 (8) 513 (7)

  Academic attainment, college or higher 13 195 (52) 3862 (55)

  Type of occupation: office work 7498 (29) 2400 (34)

  Type of occupation: sales work 3793 (15) 1005 (14)

  Type of occupation: manual labour 4163 (16) 1114 (16)

  Receiving public assistance 151 (0.6) 37 (0.5)

  Household annual income, more than average (≥5 000 000 yen [US$48 000]) 9979 (39) 2975 (43)

COVID- 19- related sociodemographic characteristics

  Living in the area most affected by COVID- 19 11 586 (45) 3724 (53)

  The rate of changes in household income during the pandemic (%), median (IQR) 0 (−1 to 0) 0 (0–0)

  Anxiety about household income in the future 5324 (21) 1114 (16)

  Receipt of the support allowance (100 000 yen [US$950]) for COVID- 19 23 047 (90) 6223 (89)

  Interaction with neighbours 7382 (29) 1746 (25)

  Trust in neighbours and communities 16 502 (65) 4543 (65)

  Online interaction with family members or friends 4707 (18) 1142 (16)

  Face- to- face interaction with family members or friends not living together 6468 (25) 1514 (22)

  Feeling isolated during the pandemic 3662 (14) 832 (12)

Health- related or psychological characteristics

  ADL intact 3020 (12) 643 (9)

  Chronic conditions other than psychiatric diseases 6360 (25) 1642 (24)

  Depression 969 (4) 249 (4)

  Psychiatric diseases other than depression 950 (4) 2207 (32)

  Chronic pain 8926 (35) 2207 (32)

  Meaning in life 15 176 (60) 4037 (58)

  Self- reported poor health 3561 (14) 889 (13)

  Worsening self- reported health during the pandemic 3918 (15) 1004 (14)

Self- reported happiness scale (1–10, 10 being the best), median (IQR) 7 (6–8) 7 (6–8)

Self- reported happiness scale ≥8 11 418 (45) 2849 (41)

Decrease by ≥2 of the self- reported happiness scale during the COVID- 19 pandemic – 781 (11)

Longitudinal respondents were defined as subjects with ≥3 out of the 10- point self- reported happiness scale in the JASTIS study conducted before 
the COVID- 19 pandemic (February to March 2020) who also participated in the JACSIS study conducted during the COVID- 19 pandemic (August to 
September 2020). Values represent n (%), unless otherwise indicated.
ADL, activities of daily living; BMI, body mass index; JACSIS, Japan ‘COVID- 19 and Society’ Internet Survey; JASTIS, Japan ‘Society and New 
Tobacco’ Internet Survey.
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a 10- point Likert scale, where higher scores indicated 
higher levels of happiness.

Statistical analysis
We first delineated the sociodemographic and health- 
related characteristics of respondents and showed the 
distribution of the self- reported happiness scale during 
the COVID- 19 pandemic. We then explored the deter-
minants of happiness as a binary outcome using the 
multivariable logistic regression model. For the logistic 
regression, the outcome variable was defined as high levels 
of happiness, defined as ≥8 on the 10- point self- reported 
happiness scale, with 10 being the best. To address the 
potential collinearity of the variables included in each 
model, we calculated the variance inflation factor (VIF) 
using the car package.35 36

Next, to explore determinants of happiness as a 
10- point discrete outcome without model misspecifica-
tion, we developed two machine- learning- based models 
(random forest and gradient- boosted decision tree) as a 
non- parametric approach that can accommodate non- 
linearities and interactions without prespecification of a 
particular parametric model. For machine- learning- based 
models, the outcome measure was defined as the 10- point 
happiness scale of each responder. Random forest is an 
ensemble of decision trees using bootstrap aggregation 
and random feature selection.37 38 Gradient- boosted 

decision tree is an additive model of decision trees esti-
mated by gradient descent.38 39 To identify the best tuning 
hyperparameters, we used a grid search strategy using 
ranger, xgboost and caret packages for the random forest and 
gradient- boosted decision tree models.40–42 Both 10- fold 
cross- validation and out- of- bag estimation techniques 
were used to minimise potential overfitting and improve 
the internal validity of our machine- learning- based 
models. We estimated the contribution of each candidate 
determinant to machine- learning- based models based 
on the variable importance computed by the random 
forest and the gradient- boosted decision tree. The vari-
able importance is a scaled measure to have a maximum 
value of 100. Additionally, we calculated Shapley Additive 
Explanations (SHAP) values to assess the detailed contri-
bution of each determinant factor on the regression 
output by using the SHAPforxgboost package.43 44 Higher 
SHAP values represent higher possibilities that the given 
determinant factor contributes to higher level of happi-
ness. If a variable is binary, the high feature value of the 
variable means that respondents answered ‘Yes’ to the 
question.

Sensitivity analyses
We conducted several sensitivity analyses. First, we used 
different thresholds for high levels of happiness for 
multivariable logistic regression: (1) ≥7 and (2) ≥9 on the 

Figure 1 Association between the respondents’ characteristics and happiness. We examined the association between the 
respondents’ characteristics and happiness, defined as ≥8 on the 10- point self- reported happiness scale during the COVID- 19 
pandemic. Points and error bars indicate the OR and 95% CI of variables, respectively. The corresponding values are presented 
in online supplemental table 1. ADL, activities of daily living; BMI, body mass index.
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10- point scale. Second, to minimise an issue of sample 
selection bias (eg, younger people may be more likely 
to enrol in an online study), we developed a weighted 
multivariable logistic regression model (ie, the multi-
variable logistic regression model in our primary analysis 
with inverse probability weighting added) (see online 
supplemental appendix 1 for details). Third, to address 
the possibility that our perceptions and determinant 
factors of happiness may vary depending on age,13 20 45 we 
described the average of the happiness scale by age and 
conducted multivariable logistic regression analyses strat-
ified by age: young (15–39 years), middle- aged (40–59 
years) and elderly (60–79 years) respondents. Fourth, to 
investigate whether the determinants of happiness differ 
by other characteristics of the respondents,22 28 29 we also 
stratified analyses by gender and history of psychiatric 
diseases, respectively. Fifth, we investigated the deter-
minants of declined happiness during the COVID- 19 
pandemic using the multivariable logistic regression 
model for longitudinal responders. A decline in happi-
ness was defined as a decrease by ≥2 on the 10- point 
happiness scale during the COVID- 19 pandemic. Sixth, 
to evaluate the association between age and declines in 

happiness levels, we described the levels of decline in 
happiness by age and stratified analyses by age.

A p value <0.05 was considered statistically significant. 
All analyses were performed using R version 4.0.2. (The R 
Foundation for Statistical Computing).46 We created the 
SHAP summary plot using the SHAPforxgboost package,44 
other figures using the ggplot2 package.47

Patient and public involvement
No patients were involved in setting the research ques-
tion or the outcome measures, nor were they involved in 
developing plans for the design or implementation of the 
study. No patients were asked to advise on interpretation 
or writing up of results. There are no plans to dissemi-
nate the results of the research to study participants or 
the relevant patient community. Patient consent was not 
required for the study.

RESULTS
Characteristics of study participants
Among 25 482 respondents (total respondents), 12 809 
(50%) were female, and the median age was 49 years. The 

Figure 2 Shapley Additive Explanations (SHAP) summary plot of top 20 variables of the gradient- boosted decision tree 
model for happiness. The higher the SHAP value, the higher the possibility of the self- reported happiness scale becomes. A 
dot indicates each attribution of each variable at a feature value. The colour of a dot shows the absolute value of each variable 
(eg, purple dots represent higher feature values, but yellow ones represent lower feature values). If a variable is binary, the high 
feature value of the variable means that respondents answered ‘Yes’ to the question. For example, for self- reported poor health, 
we interpret that (1) while respondents with self- reported poor health were likely to have lower levels of happiness scale, those 
without self- reported poor health were likely to have higher levels of happiness scale, and (2) the level of the attribution of self- 
reported poor health to the happiness scale was larger than the one of no self- reported poor health to the happiness scale in 
the gradient- boosted decision tree prediction model. BMI, body mass index.
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median happiness score during the pandemic was 7 (IQR 
6–8), and 11 418 (45%) were defined as having high levels 
of happiness (≥8 on the 10- point Likert scale) (table 1). 
Among 6965 respondents (longitudinal respondents), 
781 (11%) experienced a decline in happiness levels 
during the pandemic. The distribution of the happiness 
scale during the pandemic and changes in the score from 
the prepandemic assessment are shown in online supple-
mental figure 1.

Determinants of happiness
In the multivariable logistic regression, we found that 
meaning in life (adjusted OR (aOR) 4.17; 95% CI 3.92 
to 4.43; p<0.001), having a spouse (aOR 2.22; 95% CI 
1.93 to 2.56; p<0.001), trust in neighbours and commu-
nities (aOR 1.59; 95% CI 1.43 to 1.77; p=0.02) and 
female gender (aOR 1.51; 95% CI 1.42 to 1.60; p<0.001) 
were associated with higher odds of having high levels 
of happiness. On the other hand, self- reported poor 
health (aOR 0.44; 95% CI 0.39 to 0.48; p<0.001), anxiety 
about household income in the future (aOR 0.60; 95% 
CI 0.55 to 0.65; p<0.001), psychiatric disorder diseases 
other than depression (aOR 0.65; 95% CI 0.53 to 0.80; 
p<0.001) and feeling isolated (aOR 0.66; 95% CI 0.60 to 
0.72; p<0.001) were associated with lower odds of having 
high levels of happiness. We did not observe a statistically 
significant association between age and happiness (aOR 
1.00; 95% CI 1.00 to 1.00; p=0.24) (figure 1 and online 
supplemental table 1). We found no variables with high 
VIF (>10) among parameters used in the multivariable 
logistic regression model, indicating that collinearity 
among the candidate determinants is not an issue for our 
analyses (online supplemental table 2).

In our machine- learning models (random forest and 
gradient- boosted decision tree), the variable impor-
tance, indicating the contribution of each candidate 
determinant, was quantified (online supplemental figure 

2). Consistent with the results using logistic regression, 
meaning in life, self- reported poor health and having a 
spouse were the common and important determinants 
of happiness during the pandemic in both models. To 
identify the detailed contribution of each feature to the 
model, we depicted the SHAP summary plot of the top 
20 variables of the gradient- boosted decision tree model 
(figure 2). This plot suggested that meaning in life, 
having a spouse and female gender had positive contri-
butions to the prediction of happiness. In contrast, self- 
reported poor health, anxiety about household income 
in the future and feeling isolated had a negative impact 
on the prediction of happiness.

Sensitivity analyses
When using different thresholds for logistic regression to 
define high levels of happiness, we found similar variables 
as determinants of happiness (online supplemental table 
1). The weighted multivariable regression model showed 
results that were overall consistent with our main anal-
ysis (online supplemental table 3). With regard to age as 
the effect modifier of happiness, we found a U- shaped 
relationship between the average of the self- reported 
happiness scale and age (online supplemental figure 3) 
and identified similar determinant factors of happiness 
among each age group (ie, young, middle- aged and 
elderly respondents) (figure 3, online supplemental table 
4 and figure 4). However, some factors (ie, ADL intact and 
having any children) may have different impacts on happi-
ness across age groups (figure 3). The results of stratified 
analyses indicated that observed relationships do not vary 
substantially by gender and history of psychiatric diseases 
(online supplemental table 5 and 6 and figure 5 and 
6). We found poor health and feeling isolated were the 
important determinants of a decline in happiness during 
the COVID- 19 pandemic, whereas meaning in life and 
trust in communities may calm deteriorating happiness 

Figure 3 Differences in the ORs of the respondents’ characteristics for happiness by age. (A) Top five characteristics with 
a high OR for happiness among total respondents. (B) Top five characteristics with a low OR for happiness among total 
respondents. (C) Characteristics with a different OR for happiness depending on age. We showed differences in the ORs of the 
respondents’ characteristics for happiness by age (ie, young, middle- aged and elderly respondents). The corresponding values 
are presented in online supplemental table 4. ADL, activities of daily living.
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during the pandemic (online supplemental table 7 and 
figure 7). Although the decline in happiness during the 
COVID- 19 pandemic varied with age and seemed to be 
less serious among elderly respondents than young ones, 
as shown in online supplemental figure 3, there was no 
systemic difference in the patterns as to determinants of 
declined happiness during the pandemic after the stratifi-
cation by age (online supplemental table 8 and figure 8).

DISCUSSION
Using the machine- learning methods and data collected 
through large- scale, nationwide surveys conducted before 
and during the COVID- 19 pandemic, we found that 
meaning in life and social capital (eg, having a spouse 
and trust in communities) are the strongest positive 
determinants of happiness during the pandemic. On the 
other hand, poor health, anxiety about future household 
income and feeling isolated are the key factors negatively 
associated with happiness. These associations were consis-
tent across different groups of age, gender and history of 
psychiatric diseases. Although poor health, anxiety about 
future household income and isolation were determi-
nants of the decline in happiness during the pandemic, 
meaning in life and social capital may be able to alleviate 
deteriorating happiness during the pandemic. These 
findings should be informative for policymakers to design 
policies that can minimise the negative impact of the 
COVID- 19 pandemic on the psychological well- being of 
the population.

Our findings indicated that uncertainty about the 
future due to the COVID- 19 pandemic could be a key 
cause of low levels of happiness. A recent study found 
that elderly respondents—who are likely to have greater 
mindfulness and present- moment perspectives—seemed 
to have experienced less negative impact on psycho-
logical well- being during the pandemic compared with 
younger people,21 indicating that focusing on the present 
moment rather than excessive consideration of the 
future may retain psychological well- being in this unprec-
edented crisis. Paying attention to the present moment 
is an essential part of mindfulness, which has the poten-
tial to help people live happier as well as reduce mental 
health problems.48 Accordingly, to cope with future 
uncertainty from the psychological perspective, meaning 
in life could be a key factor of happiness during the time 
when uncertainties about the future are high. Indeed, the 
positive association between meaning in life and positive 
psychological well- being has long been known and has 
encouraged psychiatrists to take salutogenic approaches 
for their patients’ mental health—focusing on factors 
related to happiness, instead of factors directly causing 
diseases.31 As one of the salutogenic approaches, inter-
ventions that give people an opportunity to reflect on 
their life’s meaning, such as life- crafting interventions, 
could be a potential solution for improving happiness 
in such an unusual crisis with future uncertainties.49 On 
top of that, providing counselling on the basis of second 

wave positive psychology—confronting, accommodating 
or transforming negative emotions and finding another 
deep joy in such an unprecedented nightmare based on 
the reality that life itself is full of evil and suffering—was 
recently proposed to achieve sustainable well- being for 
individuals from psychological perspectives.50

Social capital was also identified as a strong deter-
minant of happiness during the COVID- 19 pandemic 
in our study. Given that physical isolation and lock-
downs imposed to control the COVID- 19 outbreak in 
many regions of the world could decrease social inter-
actions and increase psychological isolations, we need 
urgent measures to reinforce social interactions without 
increasing the risk of infections (eg, social interactions 
through online networks, social interactions in outdoor 
settings while maintaining social distancing and wearing 
masks). A study conducted before the pandemic reported 
that improving components of individual social capital 
(eg, trust in communities and social interaction) could 
enhance both individual well- being and community 
social capital, which would subsequently create a virtuous 
circle that improves individual social capital.51 Moreover, 
although poor health status was negatively associated with 
happiness during the pandemic in our analyses, prior 
studies have found that higher levels of social capital are 
associated with improved health,52 and potentially lead to 
a higher uptake of preventive measures for infections (eg, 
wearing masks and washing hands) and social distancing 
that could reduce the transmission of the virus during 
the COVID- 19 pandemic.53 Indeed, a study by Ye et al 
reported people who shared their activities with others or 
interacted with friends were more likely to take preven-
tive measures for the COVID- 19.54 However, as misinfor-
mation regarding the COVID- 19 by non- experts through 
online networks can be disseminated and sometimes 
affect negatively the population mental health,55 the reli-
ance only on social networking service for social interac-
tions may be a double- edged sword in such a special time.

Therefore, while it is obviously important to intro-
duce psychological counselling (eg, second wave posi-
tive psychology) for each individual, interventions for 
improving social capital as well as infection control and 
economic stimulus policies during the pandemic may 
effectively have positive effects on happiness. Of note, to 
improve population- level psychological well- being, it is 
important for policymakers to promote people’s volun-
tary and collective activities, ideally by developing asset- 
based communities and schemes, rather than by directly 
enforcing social capital increases.56

Limitations
Our study has several limitations. First, we used the 
machine- learning methods to comprehensively investi-
gate various factors that may affect people’s self- reported 
well- being during the COVID- 19 pandemic, and our study 
was not designed to evaluate causal relationships. There-
fore, it remains unclear whether improving important 
determining factors identified in this study could actually 
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lead to better well- being. Second, it is possible that our 
surveys using a single question based on a 10- point Likert 
scale captured only some aspects of happiness, psycho-
logical well- being which is a multifaceted concept.10–12 
However, as we considered various factors, including indi-
cators of material well- being, eudaimonia and ill- being 
as our candidate determinants of well- being during the 
COVID- 19 pandemic,11 we believed the strength of our 
study was exhaustive analyses of determinants of happi-
ness based on multiple domains. Third, given that we 
used data collected through internet surveys conducted 
in Japan, it is possible that respondents of the surveys 
may differ from the general population in meaningful 
ways (there is a risk of sample selection bias). However, 
the results of the sensitivity analysis using weighted anal-
yses accounting for the probability of responding to the 
surveys were not qualitatively different from our main 
analyses (unweighted analyses), supporting the robust-
ness of our analyses. Fourth, our study was conducted in 
Japan, and therefore our findings may not be generalised 
to populations in other countries. Lastly, our study was 
not pre- registered in an authorised clinical trial registry 
(eg, UMIN- CTR), but our study protocol was approved by 
an institutional review board, which did not require us to 
pre- register our study in such an authorised clinical trial 
registry beforehand.

CONCLUSIONS
Using nationwide online surveys before and during the 
COVID- 19 pandemic in Japan, we identified that meaning 
in life and social capital components were the strongest 
positive determinants of happiness. On the other hand, 
poor health, anxiety about future household income and 
feeling isolated were key factors that negatively impacted 
happiness. These findings should be informative for poli-
cymakers in designing policies and interventions that 
could effectively improve the psychological well- being of 
the population during the COVID- 19 pandemic.
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Supplementary Appendix 1. Inverse Probability Weighting to address selection bias 

 

Using online-based surveys can lead to selection bias because respondents are limited to those who can access the Internet. To address this issue, 

inverse probability weighting (IPW)—derived from propensity scores calculated by a logistic regression model using basic demographic and 

socioeconomic status—is often used to estimate the survey results among the nationally-representative population from participants in the online-

based surveys. (Schonlau et al., Sociological Methods & Research, 2009).  

 

In our study, we first used the samples from the 2016 Comprehensive Survey of Living Conditions (CSLC) in order to identify the nationally-

representative population in Japan. The CSLC is a national survey as to health-related information (e.g., self-rated health and smoking behavior) 

every three years by the Japanese Ministry of Health, Labour and Welfare (MHLW) (https://www.mhlw.go.jp/toukei/list/20-21.html). In the 2016 

CSLC, 224,208 households (response rate; 77.5%) responded to the questionnaire within randomly-sampled 5410 inhabited census tracts from all 

sampling units for the national census in 2010. CSLC has been used in several studies (Shibuya et al., BMJ, 2002; Fu et al., Journal of Health 

Economics, 2017; Miyawaki et al., BMC Geriatrics, 2020) 

 

We applied a multivariable logistic regression model to the combined data from the two surveys (the current online-based survey [JACSIS study] and 

CSLC) to estimate the probability of "being an online-based survey respondent" (i.e., the propensity score). Propensity scores were calculated for 

each group stratified by gender and age (15-19, 20-29, ..., 70-79) (gender x age stratification = 14 strata) using variables available in both surveys 

(the JACSIS study and CSLC). For individuals aged 20-79 years, we included socioeconomic status (i.e., residence area, marital status, education, 

and home-ownership) and health-related characteristics (i.e., self-rated health and smoking status) in the model. For those aged 15-19 years, we 

included socioeconomic status (i.e., residence area, education, and home-ownership) and self-rated health in the model. In order to keep the total 

number of eligible respondents constant, standardized weights were used.  
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Supplementary Table 1. Association between the respondents’ characteristics and happiness 

Variables 
Happiness (≥ 7 of the scale) Happiness (≥ 8 of the scale) Happiness (≥ 9 of the scale) 

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age (year) 1.00 (0.99-1.00) 0.001 1.00 (1.00-1.00) 0.24 0.99 (0.99-1.00) < 0.001 

Female gender 1.49 (1.39-1.58) < 0.001 1.51 (1.42-1.60) < 0.001 1.43 (1.34-1.54) < 0.001 

BMI (kg/m2) 1.00 (0.99-1.00) 0.04 1.00 (0.99-1.00) 0.05 1.00 (1.00-1.00) 0.72 

Sociodemographic characteristics       

Living alone 1.00 (0.91-1.09) 0.94 0.98 (0.89-1.07) 0.60 0.98 (0.88-1.10) 0.78 

Having a spouse 2.26 (2.08-2.46) < 0.001 2.02 (1.87-2.20) < 0.001 1.80 (1.63-1.98) 0.78 

Having any children 1.00 (0.92-1.07) 0.93 0.99 (0.92-1.06) 0.69 0.95 (0.88-1.03) < 0.001 

Family caregiver 0.85 (0.76-0.96) 0.007 0.81 (0.72-0.90) < 0.001 0.85 (0.75-0.97) 0.02 

Academic attainment, college or higher 1.09 (1.03-1.17) 0.006 1.06 (1.00-1.13) 0.06 0.93 (0.87-1.00) 0.04 

Type of occupation: office work 0.81 (0.75-0.88) < 0.001 0.78 (0.72-0.84) < 0.001 0.79 (0.73-0.87) < 0.001 

    Type of occupation: sales work 0.97 (0.88-1.07) 0.60 0.93 (0.85-1.02) 0.11 0.93 (0.84-1.03) 0.17 

    Type of occupation: manual labor 0.84 (0.77-0.93) < 0.001 0.83 (0.76-0.91) < 0.001 0.84 (0.76-0.93) < 0.001 

    Receiving public assistance 1.05 (0.71-1.56) 0.80 1.19 (0.79-1.81) 0.41 1.02 (0.59-1.78) 0.94 

    Household annual income, more than average 1.34 (1.25-1.43) < 0.001 1.20 (1.12-1.27) < 0.001 1.07 (0.99-1.15) 0.07 

COVID-19-related sociodemographic characteristics       

Living in the area most affected by COVID-19 1.08 (1.02-1.15) 0.01 1.06 (1.00-1.12) 0.06 1.02 (0.95-1.08) 0.66 

    The rate of changes in household income during the pandemic 1.00 (1.00-1.00) 0.002 1.00 (1.00-1.00) < 0.001 1.00 (1.00-1.00) 0.04 

    Anxiety about household income in the future 0.57 (0.53-0.62) < 0.001 0.60 (0.55-0.65) < 0.001 0.63 (0.57-0.70) < 0.001 

    Receipt of the support allowance for COVID-19 1.08 (0.98-1.20) 0.12 1.00 (0.90-1.11) 0.98 0.82 (0.73-0.92) < 0.001 

    Interaction with neighbors 1.09 (1.01-1.18) 0.03 1.02 (0.95-1.09) 0.57 1.04 (0.96-1.12) 0.38 

    Trust in neighbors and communities  1.67 (1.57-1.78) < 0.001 1.58 (1.48-1.68) < 0.001 1.33 (1.23-1.44) < 0.001 

    Online interaction with family members or friends  1.30 (1.19-1.42) < 0.001 1.32 (1.23-1.43) < 0.001 1.31 (1.21-1.42) < 0.001 

    Face-to-face interaction with family members or friends not living together 1.22 (1.13-1.32) < 0.001 1.15 (1.07-1.24) < 0.001 1.11 (1.03-1.20) 0.01 

    Feeling isolated during the pandemic 0.59 (0.54-0.64) < 0.001 0.66 (0.60-0.72) < 0.001 0.66 (0.58-0.74) < 0.001 

Health-related or psychological characteristics       

    ADL intact 1.09 (0.98-1.21) 0.11 1.13 (1.02-1.25) 0.02 1.19 (1.05-1.35) 0.006 

    Chronic conditions other than psychiatric diseases 1.11 (1.03-1.20) 0.008 1.02 (0.95-1.10) 0.58 0.89 (0.81-0.97) 0.006 

    Depression 0.73 (0.60-0.87) < 0.001 0.74 (0.61-0.92) 0.005 0.82 (0.62-1.07) 0.15 

    Psychiatric diseases other than depression 0.67 (0.56-0.81) < 0.001 0.65 (0.53-0.80) < 0.001 0.65 (0.49-0.86) 0.002 

    Chronic pain 0.83 (0.78-0.90) < 0.001 0.80 (0.75-0.85) < 0.001 0.76 (0.70-0.83) < 0.001 

 Meaning in life 4.70 (4.42-5.00) < 0.001 4.17 (3.92-4.43) < 0.001 3.84 (3.53-4.18) < 0.001 

    Self-reported poor health 0.40 (0.36-0.44) < 0.001 0.44 (0.39-0.48) < 0.001 0.58 (0.51-0.68) < 0.001 

    Worsening self-reported health during the pandemic 0.86 (0.79-0.94) < 0.001 0.74 (0.68-0.81) < 0.001 0.71 (0.63-0.80) < 0.001 

We examined the association between the respondents’ characteristics and happiness among total respondents, using the different threshold of the self-reported happiness scale.  

For each outcome, we adjusted for the respondents’ sociodemographic characteristics, COVID-19-related sociodemographic characteristics, and health-related or psychologic 

characteristics. Forrest plot is shown in Figure 1. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 2. The variance inflation factors in the logistic regression model for the main analysis  
Variables VIF 

Age (year) 1.71 

Female gender 1.14 

BMI (kg/m2) 1.02 

Sociodemographic characteristics  

Living alone 1.54 

Having a spouse 1.93 

Having any children 1.31 

Family caregiver 1.04 

Academic attainment, college or higher 1.13 

Type of occupation: office work 1.51 

    Type of occupation: sales work 1.30 

    Type of occupation: manual labor 1.28 

    Receiving public assistance 1.03 

    Household annual income, more than average 1.23 

COVID-19-related sociodemographic characteristics  

Living in the area most affected by COVID-19 1.03 

    The rate of changes in household income during the pandemic 1.05 

    Anxiety about household income in the future 1.14 

    Receipt of the support allowance for COVID-19 1.06 

    Interaction with neighbors 1.16 

    Trust in neighbors and communities  1.07 

    Online interaction with family members or friends  1.27 

    Face-to-face interaction with family members or friends not living together 1.22 

    Feeling isolated during the pandemic 1.10 

Health-related or psychological characteristics  

    ADL intact 1.23 

    Chronic conditions other than psychiatric diseases 1.26 

    Depression 1.18 

    Psychiatric diseases other than depression 1.17 

    Chronic pain 1.25 

 Meaning in life 1.05 

    Self-reported poor health 1.19 

    Worsening self-reported health during the pandemic 1.14 

The logistic regression model for the main analysis (shown in Supplementary Table 1 and Figure 1) did not have any variables with a high variance inflation factor (VIF) (>10), 

which indicates collinearity. 

Abbreviations: VIF = Variance inflation factor; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 3. Association between the respondents’ characteristics and happiness, using the weighted logistic regression model 

Variables 
Happiness (≥ 8 of the scale) 

Adjusted OR (95% CI) P value 

Age (year) 1.00 (1.00-1.01) < 0.001 

Female gender 1.63 (1.53-1.73) < 0.001 

BMI (kg/m2) 0.99 (0.99-1.00) 0.006 

Sociodemographic characteristics   

Living alone 0.93 (0.85-1.03) 0.18 

Having a spouse 1.48 (1.36-1.61) < 0.001 

Having any children 1.15 (1.08-1.23) < 0.001 

Family caregiver 1.12 (1.01-1.24) 0.04 

Academic attainment, college or higher 1.38 (1.30-1.47) < 0.001 

Type of occupation: office work 0.79 (0.73-0.86) < 0.001 

    Type of occupation: sales work 1.15 (1.05-1.25) 0.003 

    Type of occupation: manual labor 0.80 (0.74-0.87) < 0.001 

    Receiving public assistance 2.23 (1.74-2.86) < 0.001 

    Household annual income, more than average 1.20 (1.12-1.27) < 0.001 

COVID-19-related sociodemographic characteristics   

Living in the area most affected by COVID-19 1.32 (1.23-1.40) < 0.001 

    The rate of changes in household income during the pandemic 1.00 (1.00-1.00) 0.01 

    Anxiety about household income in the future 0.67 (0.62-0.73) < 0.001 

    Receipt of the support allowance for COVID-19 0.98 (0.89-1.08) 0.72 

    Interaction with neighbors 0.92 (0.86-0.99) 0.02 

    Trust in neighbors and communities  1.55 (1.46-1.65) < 0.001 

    Online interaction with family members or friends  1.42 (1.31-1.53) < 0.001 

    Face-to-face interaction with family members or friends not living together 1.15 (1.07-1.23) < 0.001 

    Feeling isolated during the pandemic 0.93 (0.85-1.03) 0.15 

Health-related or psychological characteristics   

    ADL intact 1.41 (1.28-1.56) < 0.001 

    Chronic conditions other than psychiatric diseases 1.08 (1.00-1.16) 0.04 

    Depression 1.41 (1.19-1.67) < 0.001 

    Psychiatric diseases other than depression 0.76 (0.64-0.90) < 0.001 

    Chronic pain 0.77 (0.72-0.83) < 0.001 

 Meaning in life 4.45 (4.19-4.74) < 0.001 

    Self-reported poor health 0.36 (0.33-0.41) < 0.001 

    Worsening self-reported health during the pandemic 0.67 (0.61-0.73) < 0.001 

We examined the association between the respondents’ characteristics and happiness among total respondents, using the weighted logistic regression model.  For each outcome, we 

adjusted for the respondents’ sociodemographic characteristics, COVID-19-related sociodemographic characteristics, and health-related or psychologic characteristics.  

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 4. Association between the respondents’ characteristics and happiness, stratified by age 

Variables 

Young respondents 

 (≤39 years old, n=8192) 

Middle-aged respondents 

(40–59 years old, n=9150) 

Elderly respondents 

(≥60 years old, n=8140) 

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age (year) 0.97 (0.96-0.98) < 0.001 0.99 (0.99-1.00) 0.20 1.03 (1.02-1.04) < 0.001 

Female gender 1.49 (1.33-1.65) < 0.001 1.65 (1.48-1.84) < 0.001 1.52 (1.36-1.69) < 0.001 

BMI (kg/m2) 0.99 (0.98-1.00) 0.08 1.00 (1.00-1.00) 0.91 1.00 (0.99-1.00) 0.69 

Sociodemographic characteristics       

Living alone 1.03 (0.90-1.19) 0.65 0.91 (0.77-1.08) 0.30 0.82 (0.68-1.00) 0.05 

Having a spouse 2.72 (2.31-3.21) < 0.001 2.22 (1.93-2.56) < 0.001 1.36 (1.14-1.61) < 0.001 

Having any children 1.16 (0.99-1.36) 0.06 1.03 (0.92-1.15) 0.62 0.83 (0.73-0.93) 0.002 

Family caregiver 0.97 (0.75-1.24) 0.79 0.87 (0.72-1.05) 0.16 0.81 (0.72-0.90) < 0.001 

Academic attainment, college or higher 1.03 (0.92-1.17) 0.59 1.07 (0.97-1.19) 0.19 1.16 (1.04-1.28) 0.006 

Type of occupation: office work 0.82 (0.70-0.95) 0.01 0.99 (0.86-1.15) 0.94 1.09 (0.94-1.27) 0.25 

    Type of occupation: sales work 0.99 (0.84-1.17) 0.90 1.24 (1.05-1.47) 0.01 1.00 (0.83-1.21) 0.006 

    Type of occupation: manual labor 0.83 (0.71-0.98) 0.03 1.11 (0.94-1.31) 0.21 1.05 (0.89-1.25) 0.54 

    Receiving public assistance 1.15 (0.60-2.22) 0.68 1.84 (0.89-3.81) 0.10 0.59 (0.24-1.44) 0.25 

    Household annual income, more than average 1.29 (1.15-1.44) < 0.001 1.21 (1.09-1.35) < 0.001 1.20 (1.06-1.35) < 0.001 

COVID-19-related sociodemographic characteristics       

Living in the area most affected by COVID-19     1.12 (1.01-1.25) 0.03     1.01 (0.92-1.12) 0.82     1.01 (0.91-1.12) 0.86 

    The rate of changes in household income during the pandemic 1.00 (1.00-1.00) 0.03 1.00 (1.00-1.01) 0.001 1.00 (1.00-1.00) 0.64 

    Anxiety about household income in the future 0.77 (0.67-0.87) < 0.001 0.53 (0.47-0.61) < 0.001 0.50 (0.43-0.58) < 0.001 

    Receipt of the support allowance for COVID-19 1.03 (0.88-1.20) 0.72 0.89 (0.75-1.06) 0.21 1.21 (0.96-1.53) 0.10 

    Interaction with neighbors 1.02 (0.88-1.18) 0.77 0.98 (0.86-1.10) 0.70 0.96 (0.86-1.07) 0.46 

    Trust in neighbors and communities  1.49 (1.34-1.65) < 0.001 1.59 (1.43-1.77) 0.02 1.70 (1.50-1.92) < 0.001 

    Online interaction with family members or friends  1.23 (1.08-1.39) < 0.001 1.19 (1.02-1.38) 0.02 1.33 (1.15-1.53) < 0.001 

    Face-to-face interaction with family members or friends not living together 1.13 (0.99-1.28) 0.06 1.21 (1.07-1.37) 0.003 1.04 (0.92-1.17) 0.55 

    Feeling isolated during the pandemic 0.59 (0.52-0.68) < 0.001 0.70 (0.60-0.83) < 0.001 0.67 (0.54-0.82) < 0.001 

Health-related or psychological characteristics       

    ADL intact 1.51 (1.24-1.85) < 0.001 1.00 (0.81-1.23) 0.99 0.85 (0.72-0.99) 0.04 

    Chronic conditions other than psychiatric diseases 1.14 (0.92-1.42) 0.02 0.97 (0.85-1.10) 0.60 0.95 (0.86-1.06) 0.37 

    Depression 1.06 (0.74-1.53) 0.76 0.69 (0.51-0.95) 0.02 0.58 (0.37-0.92) 0.02 

    Psychiatric diseases other than depression 0.49 (0.35-0.68) < 0.001 0.73 (0.53-1.01) 0.05 0.92 (0.53-1.60) 0.76 

    Chronic pain 0.72 (0.62-0.82) < 0.001 0.84 (0.75-0.94) 0.002 0.82 (0.74-0.92) < 0.001 

 Meaning in life 4.04 (3.63-4.50) < 0.001 4.10 (3.70-4.55) < 0.001 4.06 (3.62-4.55) < 0.001 

    Self-reported poor health 0.42 (0.34-0.51) < 0.001 0.45 (0.38-0.54) < 0.001 0.49 (0.41-0.59) < 0.001 

    Worsening self-reported health during the pandemic 0.65 (0.55-0.75) < 0.001 0.77 (0.66-0.90) 0.001 0.84 (0.71-0.99) 0.04 

We stratified total respondents by age (15-39 years, 40-59 years, and 60-79 years) and separately repeated the analyses using the same models as the main analysis to examine the 

association between the respondents’ characteristics and happiness. Forrest plot is shown in Figure 3 and Supplementary Figure 4. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 5. Association between the respondents’ characteristics and happiness, stratified by gender 

Variables 

Female respondents 

(n=12,809) 

Male respondents 

(n=12,673) 

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age (year) 1.00 (1.00-1.00) 0.91 0.99 (0.99-1.00) 0.002 

BMI (kg/m2) 1.00 (0.99-1.00) 0.38 1.00 (0.99-1.00) 0.08 

Sociodemographic characteristics     

Living alone 1.13 (1.00-1.29) 0.06 0.86 (0.75-0.98) 0.02 

Having a spouse 1.74 (1.57-1.93) < 0.001 2.60 (2.28-2.97) < 0.001 

Having any children 0.98 (0.90-1.08) 0.71 0.95 (0.86-1.05) 0.33 

Family caregiver 0.72 (0.62-0.85) < 0.001 0.89 (0.76-1.05) 0.17 

Academic attainment, college or higher 1.05 (0.97-1.14) 0.23 1.07 (0.98-1.16) 0.16 

Type of occupation: office work 0.73 (0.66-0.81) < 0.001 0.77 (0.68-0.86) < 0.001 

    Type of occupation: sales work 0.96 (0.85-1.09) 0.55 0.85 (0.74-0.97) 0.02 

    Type of occupation: manual labor 0.88 (0.78-1.00) 0.05 0.77 (0.67-0.87) < 0.001 

    Receiving public assistance 0.74 (0.36-1.49) 0.71 1.52 (0.89-2.59) 0.12 

    Household annual income, more than average 1.31 (1.20-1.43) < 0.001 1.11 (1.01-1.21) 0.03 

COVID-19-related sociodemographic characteristics     

Living in the area most affected by COVID-19     1.05 (0.97-1.14) 0.26     1.06 (0.98-1.16) 0.15 

    The rate of changes in household income during the pandemic 1.00 (1.00-1.00) 0.23 1.00 (1.00-1.01) < 0.001 

    Anxiety about household income in the future 0.58 (0.52-0.64) < 0.001 0.64 (0.57-0.72) < 0.001 

    Receipt of the support allowance for COVID-19 1.15 (0.99-1.33) 0.06 0.88 (0.77-1.02) 0.09 

    Interaction with neighbors 1.04 (0.94-1.14) 0.47 0.99 (0.90-1.10) 0.87 

    Trust in neighbors and communities  1.60 (1.46-1.74) < 0.001 1.55 (1.42-1.70) < 0.001 

    Online interaction with family members or friends  1.30 (1.17-1.44) < 0.001 1.35 (1.20-1.51) < 0.001 

    Face-to-face interaction with family members or friends not living together 1.14 (1.03-1.25) 0.01 1.15 (1.03-1.28) 0.01 

    Feeling isolated during the pandemic 0.66 (0.59-0.74) < 0.001 0.64 (0.57-0.72) < 0.001 

Health-related or psychological characteristics     

    ADL intact 1.04 (0.90-1.20) < 0.001 1.20 (1.03-1.39) 0.02 

    Chronic conditions other than psychiatric diseases 0.98 (0.88-1.09) 0.68 1.05 (0.95-1.17) 0.30 

    Depression 0.67 (0.49-0.91) 0.01 0.79 (0.59-1.05) 0.10 

    Psychiatric diseases other than depression 0.50 (0.37-0.66) < 0.001 0.87 (0.64-1.18) 0.37 

    Chronic pain 0.81 (0.74-0.89) < 0.001 0.78 (0.71-0.86) < 0.001 

 Meaning in life 4.09 (3.76-4.45) < 0.001 4.26 (3.88-4.66) < 0.001 

    Self-reported poor health 0.49 (0.42-0.57) < 0.001 0.39 (0.34-0.46) < 0.001 

    Worsening self-reported health during the pandemic 0.75 (0.66-0.84) < 0.001 0.73 (0.63-0.83) < 0.001 

We stratified total respondents by gender and separately repeated the analyses using the same models as the main analysis to examine the association between the respondents’ 

characteristics and happiness. Forrest plot is shown in Supplementary Figure 5. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 6. Association between the respondents’ characteristics and happiness, stratified by history of psychiatric diseases 

Variables 

Respondents with history of 

psychiatric diseases 

(n=1449) 

Respondents without history of 

psychiatric diseases 

(n=24033) 

Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age (year) 1.00 (0.98-1.01) 0.54 1.00 (1.00-1.00) 0.40 

Female gender 1.10 (0.79-1.53) 0.57 1.53 (1.44-1.62) < 0.001 

BMI (kg/m2) 0.99 (0.95-1.02) 0.43 1.00 (0.99-1.00) 0.06 

Sociodemographic characteristics     

Living alone 0.99 (0.64-1.55) 0.98 0.98 (0.89-1.07) 0.60 

Having a spouse 1.56 (1.03-2.35) 0.03 2.05 (1.88-2.22) < 0.001 

Having any children 0.99 (0.67-1.45) 0.94 0.98 (0.92-1.05) 0.63 

Family caregiver 1.37 (0.85-2.22) 0.20 0.78 (0.69-0.87) < 0.001 

Academic attainment, college or higher 0.96 (0.69-1.32) 0.79 1.06 (1.00-1.13) 0.06 

Type of occupation: office work 0.92 (0.62-1.37) 0.69 0.77 (0.71-0.83) < 0.001 

    Type of occupation: sales work 1.26 (0.78-2.04) 0.34 0.91 (0.83-1.00) 0.06 

    Type of occupation: manual labor 0.70 (0.43-1.15) 0.16 0.83 (0.76-0.91) < 0.001 

    Receiving public assistance 1.89 (0.90-3.98) 0.09 0.97 (0.58-1.61) 0.90 

    Household annual income, more than average 1.13 (0.80-1.61) 0.48 1.20 (1.12-1.28) < 0.001 

COVID-19-related sociodemographic characteristics     

Living in the area most affected by COVID-19 1.41 (1.04-1.92) 0.03 1.04 (0.98-1.11) 0.17 

    The rate of changes in household income during the pandemic 1.01 (1.00-1.02) 0.006 1.00 (1.00-1.00) 0.003 

    Anxiety about household income in the future 0.53 (0.38-0.74) < 0.001 0.60 (0.56-0.65) < 0.001 

    Receipt of the support allowance for COVID-19 1.55 (0.97-2.47) 0.07 0.99 (0.89-1.10) 0.89 

    Interaction with neighbors 0.95 (0.64-1.41) 0.80 1.02 (0.95-1.09) 0.67 

    Trust in neighbors and communities  1.69 (1.22-2.33) 0.001 1.57 (1.48-1.68) < 0.001 

    Online interaction with family members or friends  1.12 (0.72-1.73) 0.62 1.33 (1.23-1.44) < 0.001 

    Face-to-face interaction with family members or friends not living together 1.35 (0.89-2.02) 0.15 1.14 (1.06-1.23) < 0.001 

    Feeling isolated during the pandemic 0.63 (0.44-0.91) 0.01 0.66 (0.60-0.72) < 0.001 

Health-related or psychological characteristics     

    ADL intact 0.92 (0.62-1.37) 0.68 1.13 (1.02-1.26) 0.02 

    Chronic conditions other than psychiatric diseases 1.86 (1.33-2.61) < 0.001 0.98 (0.91-1.06) 0.63 

    Chronic pain 0.76 (0.54-1.07) 0.12 0.80 (0.75-0.86) < 0.001 

 Meaning in life 3.66 (2.67-5.03) < 0.001 4.21 (3.95-4.48) < 0.001 

    Self-reported poor health 0.40 (0.28-0.58) < 0.001 0.44 (0.39-0.50) < 0.001 

    Worsening self-reported health during the pandemic 1.08 (0.75-1.54) 0.68 0.73 (0.66-0.80) < 0.001 

We stratified total respondents by history of psychiatric diseases (i.e., depression or psychiatric diseases other than depression) and separately repeated the analyses using the same 

models as the main analysis to examine the association between the respondents’ characteristics and happiness. Forrest plot is shown in Supplementary Figure 6. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 7. Association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic 

Variables 
Declined happiness (decrease by ≥ 2 of the scale) 

Adjusted OR (95% CI) P value 

Age (year) 0.98 (0.97-0.99) < 0.001 

Female gender 0.81 (0.69-0.96) 0.01 

BMI (kg/m2) 1.00 (1.00-1.01) 0.33 

Sociodemographic characteristics   

Living alone 0.93 (0.75-1.16) 0.51 

Having a spouse 1.06 (0.84-1.35) 0.60 

Having any children 0.94 (0.76-1.16) 0.55 

Family caregiver 0.92 (0.68-1.26) 0.60 

Academic attainment, college or higher 0.91 (0.76-1.07) 0.25 

Type of occupation: office work 1.00 (0.81-1.23) 0.99 

    Type of occupation: sales work 1.07 (0.83-1.36) 0.62 

    Type of occupation: manual labor 0.95 (0.74-1.21) 0.66 

    Receiving public assistance 0.89 (0.35-2.26) 0.81 

    Household annual income, more than average 0.87 (0.73-1.03) 0.11 

COVID-19-related sociodemographic characteristics   

Living in the area most affected by COVID-19 1.20 (1.03-1.41) 0.02 

    The rate of changes in household income during the pandemic 0.99 (0.99-1.00) < 0.001 

    Anxiety about household income in the future 1.26 (1.03-1.55) 0.02 

    Receipt of the support allowance for COVID-19 0.79 (0.63-0.99) 0.04 

    Interaction with neighbors 0.90 (0.72-1.13) 0.36 

    Trust in neighbors and communities  0.80 (0.68-0.94) 0.006 

    Online interaction with family members or friends  1.06 (0.84-1.33) 0.65 

    Face-to-face interaction with family members or friends not living together 0.98 (0.78-1.22) 0.85 

    Feeling isolated during the pandemic 2.02 (1.65-2.47) < 0.001 

Health-related or psychological characteristics   

    ADL intact 1.21 (0.93-1.57) 0.15 

    Chronic conditions other than psychiatric diseases 0.97 (0.78-1.20) 0.76 

    Depression 0.80 (0.53-1.21) 0.29 

    Psychiatric diseases other than depression 1.65 (1.14-2.38) 0.008 

    Chronic pain 0.91 (0.75-1.11) 0.36 

 Meaning in life 0.53 (0.45-0.62) < 0.001 

    Self-reported poor health 1.46 (1.16-1.84) 0.001 

    Worsening self-reported health during the pandemic 1.35 (1.10-1.66) 0.005 

We examined the association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic among longitudinal respondents. A decline in 

happiness was defined as a decrease by ≥ 2 of the self-reported happiness scale during the COVID-19 pandemic. For each outcome, we adjusted for the respondents’ 

sociodemographic characteristics, COVID-19 related sociodemographic characteristics, and health-related or psychologic characteristics. Forrest plot is shown in Supplementary 

Figure 7. 
Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Table 8. Association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic, 

stratified by age 

Variables 
Young respondents 

 (≤39 years old, n=2342) 

Middle-aged respondents 

(40–59 years old, n=2619) 

Elderly respondents 

(≥60 years old, n=2004) 
Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value Adjusted OR (95% CI) P value 

Age (year) 0.96 (0.94-0.98) < 0.001 1.01 (0.98-1.03) 0.55 1.01 (0.98-1.03) 0.27 

Female gender 0.83 (0.65-1.06) 0.13 0.77 (0.57-1.03) 0.07 0.66 (0.42-1.05) 0.08 

BMI (kg/m2) 0.97 (0.94-1.00) 0.09 1.00 (1.00-1.01) 0.27 0.96 (0.90-1.02) 0.16 

Sociodemographic characteristics       

Living alone 0.97 (0.72-1.29) 0.82 0.95 (0.64-1.43) 0.81 0.65 (0.28-1.51) 0.32 

Having a spouse 1.26 (0.82-1.93) 0.29 0.84 (0.58-1.22) 0.36 1.09 (0.55-2.15) 0.81 

Having any children 0.84 (0.55-1.29) 0.43 1.07 (0.77-1.48) 0.69 0.80 (0.51-1.28) 0.36 

Family caregiver 1.22 (0.72-2.06) 0.47 0.88 (0.54-1.44) 0.62 0.58 (0.27-1.26) 0.17 

Academic attainment, college or higher 1.03 (0.92-1.17) 0.67 0.88 (0.67-1.66) 0.36 0.91 (0.60-1.36) 0.63 

Type of occupation: office work 1.23 (0.87-1.75) 0.24 0.87 (0.59-1.28) 0.47 0.68 (0.38-1.19) 0.18 

    Type of occupation: sales work 1.21 (0.82-1.77) 0.34 0.94 (0.59-1.48) 0.78 0.67 (0.31-1.43) 0.30 

    Type of occupation: manual labor 1.15 (0.78-1.67) 0.48 0.76 (0.48-1.21) 0.25 0.74 (0.39-1.41) 0.36 

    Receiving public assistance 1.07 (0.31-3.73) 0.92 0.39 (0.05-3.30) 0.39 1.74 (0.18-16.94) 0.63 

    Household annual income, more than average 0.72 (0.55-0.94) 0.02 1.05 (0.78-1.41) 0.75 0.92 (0.58-1.46) 0.72 

COVID-19-related sociodemographic characteristics       

Living in the area most affected by COVID-19 1.28 (1.01-1.62) 0.04 1.11 (0.85-1.45) 0.43 1.23 (0.81-1.85) 0.33 

    The rate of changes in household income during the pandemic 0.99 (0.99-1.00) 0.02 0.99 (0.99-1.00) 0.06 1.00 (0.99-1.00) 0.30 

    Anxiety about household income in the future 0.86 (0.62-1.18) 0.35 1.88 (1.37-2.58) < 0.001 1.58 (0.93-2.68) 0.08 

    Receipt of the support allowance for COVID-19 0.85 (0.63-1.14) 0.28 0.84 (0.55-1.28) 0.41 0.44 (0.22-0.88) 0.02 

    Interaction with neighbors 0.95 (0.65-1.38) 0.77 0.93 (0.65-1.33) 0.70 0.88 (0.55-1.40) 0.58 

    Trust in neighbors and communities  0.94 (0.74-1.20) 0.63 0.64 (0.49-0.83) < 0.001 0.74 (0.48-1.14) 0.17 

    Online interaction with family members or friends  0.98 (0.70-1.37) 0.89 1.31 (0.86-2.00) 0.21 1.06 (0.60-1.89) 0.84 

    Face-to-face interaction with family members or friends not living together 1.01 (0.73-1.41) 0.93 1.02 (0.70-1.48) 0.92 0.79 (0.44-1.42) 0.44 

    Feeling isolated during the pandemic 2.24 (1.70-2.96) < 0.001 1.71 (1.19-2.43) 0.003 2.21 (1.19-4.13) 0.01 

Health-related or psychological characteristics       

    ADL intact 1.11 (0.74-1.66) 0.63 1.32 (0.84-2.10) 0.23 1.02 (0.55-1.90) 0.95 

    Chronic conditions other than psychiatric diseases 0.83 (0.50-1.38) 0.47 0.88 (0.64-1.22) 0.44 1.27 (0.84-1.92) 0.26 

    Depression 0.94 (0.50-1.38) 0.86 0.72 (0.39-1.34) 0.30 0.33 (0.06-1.85) 0.48 

    Psychiatric diseases other than depression 1.68 (0.96-2.95) 0.07 1.50 (0.86-2.65) 0.16 1.61 (0.43-6.08) 0.21 

    Chronic pain 0.95 (0.69-1.31) 0.75 0.78 (0.58-1.06) 0.11 1.25 (0.81-1.93) 0.32 

 Meaning in life 0.49 (0.39-0.63) < 0.001 0.57 (0.43-0.74) < 0.001 0.58 (0.39-0.87) 0.008 

    Self-reported poor health 2.26 (1.59-3.21) < 0.001 1.06 (0.72-1.56) 0.76 0.96 (0.53-1.74) 0.90 

    Worsening self-reported health during the pandemic 1.08 (0.79-1.41) <0.65 1.62 (1.15-2.28) 0.006 1.85 (1.07-3.19) 0.03 

We stratified total respondents by age (15-39 years, 40-59 years, and 60-79 years) and separately repeated the analyses using the same models as the analysis to examine the 

association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic. Forrest plot is shown in Supplementary Figure 8. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-054862:e054862. 12 2022;BMJ Open, et al. Osawa I



 

 

12 

Supplementary Figure 1. Levels of the self-reported happiness scale and changes in the scale during the COVID-19 pandemic 
 

 
(A) We showed the distribution of the self-reported happiness scale among total respondents. We defined happiness as ≥ 8 on the 10-point self-reported happiness scale (the part 

shown in red).  

(B) We showed the distribution of the changes in the self-reported happiness scale among longitudinal respondents. We defined declined happiness as a decrease by ≥ 2 on the 10-

point self-reported happiness scale during the COVID-19 pandemic (the part shown in blue).  

Abbreviations: COVID-19 = coronavirus disease 2019  
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Supplementary Figure 2. Importance variables of machine-learning prediction models for happiness 

 
We showed A) The Random forest model and B) The Gradient-boosted decision tree model. The variable importance is a measure scaled to have a maximum value of 100.  

Abbreviations: BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Figure 3. The average self-reported happiness scale and the changes in the scale during the COVID-19 pandemic by age 

 
We showed an average of (A) the self-reported happiness scale among total respondents and (B) the changes in the self-reported happiness scale among longitudinal respondents. 

Abbreviations: COVID-19 = coronavirus disease 2019 
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Supplementary Figure 4. Association between the respondents’ characteristics and happiness, stratified by age 

 
We showed the association between the respondents’ characteristics and happiness stratified by age (i.e., A: 15-39 years, B: 40-59 years, and C: 60-79 years). The corresponding 

values are presented in Supplementary Table 4. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Figure 5. Association between the respondents’ characteristics and happiness, stratified by gender 

 
We showed the association between the respondents’ characteristics and happiness stratified by gender (i.e., A: female and B: male). The corresponding values are presented in 

Supplementary Table 5. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Figure 6. Association between the respondents’ characteristics and happiness, stratified by history of psychiatric diseases 

 
We showed the association between the respondents’ characteristics and happiness stratified by history of psychiatric diseases (i.e., A: respondents with history of psychiatric 

diseases and B: respondents without history of psychiatric diseases). The corresponding values are presented in Supplementary Table 6. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Figure 7. Association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic 

 
We examined the association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic among the longitudinal cohort. A decline in 

happiness was defined as a decrease by ≥ 2 on the 10-point self-reported happiness scale during the COVID-19 pandemic Points and error bars indicate the odds ratio and 95% 

confidence interval of variables, respectively. The corresponding values are presented in Supplementary Table 7. 

Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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Supplementary Figure 8. Association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic, 

stratified by age 

 
We showed the association between the respondents’ characteristics and declined happiness during the COVID-19 pandemic stratified by age (i.e., A: 15-39 years, B: 40-59 years, 

and C: 60-79 years). The corresponding values are presented in Supplementary Table 8. 
Abbreviations: OR = odds ratio; CI = confidence interval; BMI = Body Mass Index; ADL = activities of daily living; COVID-19 = coronavirus disease 2019 
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