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A B S T R A C T   

Objective: The coronavirus 2019 (COVID-19) pandemic has particularly influenced the mental health of younger 
adults; accordingly, this study investigated age-related factors related to mental health and provided suggestions 
related to mental health recovery. 
Methods: A web-based longitudinal survey was conducted from 2020 to 2021 in Japan. The survey consisted of 
the Patient Health Questionnaire-9 (PHQ-9), used to measure depressive symptoms as a response variable, and an 
anger questionnaire and coping strategy scale to assess explanatory variables. 
Results: A total of 1468 participants were analyzed (valid response rate = 54.2%); 368 were younger adults (age 
range = 20–39), 667 were middle-aged adults (age range = 40–64), and 433 were aged adults (age range =
65–79). The PHQ-9 scores in the younger adults worsened over the three survey timepoints. State anger was 
strongly related to PHQ-9 scores in all age groups (standardized beta = 0.39–0.47), and state anger in the 
younger group was highest at all survey times, In the younger group, only nonadaptive coping strategies were 
related to PHQ-9 scores. Emotional support, venting, and humor adaptive strategies used by middle-aged and 
aged adults were most commonly used by younger adults; however, there were no significant relationships of 
these strategies with PHQ-9 scores in the younger group. 
Conclusion: The level of depressive symptoms among the younger adults might be considerably worse than the 
middle-aged and aged adult. The younger adults might not make use of strategies, hence, they might need advice 
and skill training of strategies.   

1. Introduction 

Social changes and inconveniences because of the coronavirus dis-
ease 2019 (COVID-19) pandemic have worsened the mental health of 
the general population worldwide, and many studies on this topic have 
pointed out that the mental health of younger individuals might be 
particularly worse than that of middle-aged and aged individuals [1–9]. 
It has been suggested that younger adults might not be handling this 
exceptional situation as well as older adults [10]. Both adaptive and 
nonadaptive coping strategies for dealing with the pandemic have 
already been suggested: problem-focused coping, active coping, use of 
emotional support, and humor might be adaptive strategies [5,11], 
whereas self-distraction, substance use, behavioral disengagement, 
venting, planning, and self-blame might be nonadaptive strategies [11]. 
However, the benefits of various coping strategies for mental health 
have been shown to differ based on age [12–14]. It is necessary to 

investigate coping strategies that differ depending on age, with a 
particular focus on younger individuals. 

Additionally, we need to realize that the pandemic has extended for a 
long period of time. COVID-19 infection was first discovered in 
December 2019, and the World Health Organization (WHO) declared a 
pandemic in March 2020. From that point, COVID-19 has spread, and 
lockdown or mild lockdown was conducted in countries around the 
world. COVID-19 vaccines were supplied in December 2020; however, 
the supply was not yet sufficient around the world, and the patterns of an 
infection period and a stable period were repeated. There was a possi-
bility that mental health among the general population would improve 
because people might become accustomed to the situation, but there was 
also a possibility that mental health would worsen because there were 
no signs that the situation was being brought under control. Addition-
ally, some research has implied that mental health might improve in the 
stable period of the pandemic [15,16]; accordingly, there was another 
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possibility that mental health had improved during only the stable 
period of the pandemic. 

The present study conducted surveys during the COVID-19 pandemic 
in Japan. In Japan, the first infected patient was identified in January 
2020, the cycle of an infection period and a stable period have been 
repeated, and there were three waves of the COVID-19 pandemic 
through February 2021 (Fig. 1). The general population was strongly 
encouraged to restrict activities since March 2020, such as avoiding 
nonessential outings, participating in events, and eating out. Previous 
research from Japan showed that the mental health of the Japanese 
population was worse during the pandemic [9,17–19], similar to any 
other country. 

In the present study, we conducted longitudinal surveys during the 
COVID-19 pandemic in Japan. We aimed to reveal changes in mental 
health, examine related factors that differ depending on age, and suggest 
age-appropriate beneficial strategies, especially among younger in-
dividuals because their mental health has shown a marked deterioration. 
Regardless of the pattern of an infection period and stable period 
changes, it should be clarified whether mental health has been affected 
by the long duration of the pandemic. 

2. Material and method 

2.1. Study design and participants 

We conducted a longitudinal survey that consisted of 3 web-based 
surveys (Fig. 1) with an online research company, Macromill, Inc. 
Japan. From a pool of approximately 10 million registered individuals 
residing in Macromill, Inc. and companies with which Macromill has 
partnerships., we recruited participants who were 20 to 69 years old and 
lived in the prefectures under special precautions related to the first 
wave of the COVID-19 pandemic in Japan: Tokyo, Saitama, Chiba, 
Kanagawa, Osaka, Hyogo, Fukuoka, Hokkaido, Ibaraki, Ishikawa, Gifu, 
Aichi, and Kyoto. A quota sampling method was used to compare equal- 
sized age groups (20s, 30s, 40s, 50s, 60s, and 70s), participants of both 
sexes (male and female), and participants with different employment 
statuses (full-time worker; no regular employment; and unemployed, 
including homemaker, retired, and jobless). The present study did not 

have exclusion criteria aside from the above selection criteria; however, 
participants were limited to those who could use mobile phones or 
computers because participants had to answer the web-based surveys on 
their mobile phones or computers. 

The first survey was conducted from 17 to 22 July 2020. We planned 
to recruit 2700 participants based on the sample size calculation for the 
first study [17]. A second survey was conducted from 18 to 23 
September 2020, and a third survey was conducted from 22 to 27 
January 2021 for participants who answered the 1st survey. Participants 
had to answer within the period for the second survey and the third 
survey. 

The present study analyzed participants who answered all 3 surveys 
and had no missing values. We categorized participants who were 20 to 
39 years old as the younger adult group, 40 to 64 years old as the middle- 
aged adult group, and 65 to 79 years old as the aged adult group based 
on previous studies [8,20]. All the participants received Macromill 
points for their participation; Macromill points are used in the original 
point service of Macromill, Inc., and participants can trade these points 
for prizes or cash. 

2.2. Measurements 

Participants were required to provide information regarding their 
age, sex, residential area, underlying disease, presence or absence of an 
underlying disease that was associated with a higher risk of a more se-
vere SARS-CoV-2 infection, marital status, presence or absence of chil-
dren, household income, employment status, and economic impact of 
the COVID-19 pandemic. Household income was the only question that 
was not mandatory, which was based on the online research company 
policy. The average household income in Japan was 5.52 million JPY 
[21]. 

The web-survey questionnaire contained the three scales described 
below. The Patient Health Questionnaire-9 (PHQ-9) was used to assess 
depressive symptoms. The PHQ-9 is composed of 9 items scored on a 
four-point scale (0 to 3), and the score can range from 0 to 27, with 
higher scores indicating more depressive symptoms [22,23]. The mean 
PHQ-9 scores prepandemic in Japan were 2.9 ± 4.3 among healthy 
workers [24], 4.1 ± 4.2 in adults [25] and 3.2 ± 3.1 among university 

Fig. 1. Number of confirmed COVID-19 cases (the first axis) and deaths (the second axis) in Japan and the survey periods in the present study. Data on the COVID-19 
cases were obtained from Japan Broadcasting Corporation (NIPPON HOSO KYOKAI (NHK) in Japanese). https://www3.nhk.or. 
jp/news/special/coronavirus/data-widget/#mokuji0. 
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students [26]. 
To assess anger, the state anger scale and anger control scale, which 

are subscales of the State-Trait Anger Expression Inventory (STAXI), 
were used [27,28]. The state anger scale consists of 10 items scored on a 
four-point scale (0 to 3), and the score can range from 0 to 30, with 
higher scores indicating higher state anger. The anger control scale 
consists of 7 items scored on a four-point scale (0 to 3), and the score can 
range from 0 to 21, with higher scores indicating that the participant 
makes a greater attempt to keep calm and restrain one’s behavior. 

To assess coping strategies, the Japanese version of the Brief Coping 
Orientation to Problems Experienced (Brief COPE) [29], which is the 
Brief Coping Orientation to Problems Experienced inventory [30] 
translated into Japanese, was used. The scale comprises 28 items and 
assesses 14 coping styles. Each coping style is evaluated by two items 
scored on a four-point scale (1 to 4), and the scores for each coping style 
could range from 2 to 8. Higher scores indicated higher levels of coping 
styles. 

2.3. Statistical analysis 

First, we compared the participants who completed all 3 surveys and 
had no missing values and those who dropped out of the surveys and had 
missing values. The sociodemographic characteristics and mean PHS-9, 
STAXI, and Brief COPE scores at time 1 among the participants and 
missing group were compared with the chi-square test and two-sample t- 
test. 

The participants were categorized into a younger adult group (aged 
20 to 39), a middle-aged adult group (aged 40 to 64), and an aged adult 
group (aged 65 to 79). To compare sociodemographic characteristics 
between the age groups, chi-square tests were performed for the socio-
demographic characteristics at time 1. To examine the PHQ-9, STAXI, 
and Brief COPE scores by survey time and age group, two-way analyses 
of variance (ANOVAs) for the scores were conducted. 

Finally, to investigate the influences of sociodemographic charac-
teristics and measures on depressive symptoms depending on age group, 
multiple linear regression by age group was conducted: the PHQ-9 at 
time 3 was the dependent variable, and the sociodemographic charac-
teristics at time 1 and the STAXI and Brief COPE scores at time 3 were 
the predictor variables. 

The statistical significance level was set at p < .05, and a 

corresponding 95% confidence interval (CI) was calculated by multiple 
linear regression. Phi (φ) and Cramer’s V (V) were used for the effect size 
for the chi-square test, Cohen’s D (d) was used for the t-test, partial η2 

was used for ANOVAs, and R2 was used for multiple linear regression. 
All statistical analyses were carried out using IBM SPSS Statistics 
(Version 28). 

3. Results 

A detailed description of study participant inclusion is shown in 
Fig. 2. The first survey was completed by 2708 participants; 2113 par-
ticipants participated in the time 2 survey, and 1819 participants 
participated in the time 3 survey. The response rate was 78.0% between 
time 1 and time 2 and 86.1% between time 2 and time 3. In addition, 189 
participants had missing values; accordingly, a total of 1468 participants 
were analyzed, and 1240 data points were missing (total response rate 
= 54.2%). 

Sociodemographic characteristics and mean scores of the measures 
among the total participants (N = 1468) and missing group (N = 1240) 
at time 1 are shown in Table 1. The missing group was younger than the 
participants (t = 12.23, p < .001, d = 0.47). There were significant 
differences in sex, presence or absence of an underlying disease, marital 
status, presence or absence of children, household income, PHQ-9 score, 
self-distraction, denial, emotional support, instrumental support, 
behavioral disengagement, and venting; however, these effect sizes were 
small (φ and Cramer’s V = 0.06–0.11, d = 0.03–0.14). 

Among the 1468 participants, 368 (25.1%) were categorized into the 
younger adult group, 667 (45.4%) into the middle-aged adult group, and 
433 (29.5%) into the aged adult group. The mean age among the 
younger adult group was 30.92 ± 5.18, middle aged group was 52.64 ±
7.10, and aged group was 70.95 ± 3.32. sociodemographic character-
istics among the participants are shown in Table 2. 

The results of two-way ANOVA for PHQ-9, STAXI, and Brief COPE 
scores are shown in Table 3. Regarding the PHQ-9, the main effect of age 
group was significant (F = 79.72, p < .001, partial η2 = 0.10); the scores 
were highest for younger adults, followed by middle-aged adults and 
then aged adults (all p < .001). Some interactions and main effects be-
tween groups and within subjects were significant; for example, the state 
anger scores at time 2 in the middle-aged and aged groups were 
significantly lower than those at time 1 and time 3. On the other hand, 

Fig. 2. Flow chart of this study showing participant inclusion.  
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the state anger scores in the younger group were not significantly 
different across the 3 time points; however, the partial η2 values were 
small. 

Multiple regression analyses dependent on age group were con-
ducted (Table 4): the dependent variable was the PHQ-9 score at time 3, 
and the predictor variables were risk factors at time 1 and the STAXI and 
Brief COPE scores at time 3. State anger and self-blame were signifi-
cantly related to PHQ-9 scores in all age groups, and other factors and 
strategies showed different relationships that were dependent on age 
group. In the younger group, not working was a risk factor, and sub-
stance use was a nonadaptive strategy, while being married was an 
adaptive factor. In the middle-aged group, having underlying disease, 
being a homemaker, and experiencing a negative impact because of the 
pandemic were risk factors; substance use, behavioral disengagement, 
and acceptance were nonadaptive strategies; and being married, having 
emotional support, venting, planning, and using humor were adaptive 
factors and strategies. In the aged group, having underlying disease was 

a risk factor, and venting and positive reframing were adaptive 
strategies. 

4. Discussion 

The present study investigated mental health and related factors 
throughout the COVID-19 pandemic and aimed to suggest beneficial 
strategies, especially for younger individuals. The results showed that 
depressive symptoms in the younger group were worse than those in the 
middle-aged and aged groups, which was consistent with previous 
studies. In general, negative emotions such as depression, anger, and 
anxiety decrease with age [31–36] and, consequently, the result that the 
difference of depressive levels differ by age groups might be partially 
influenced by it. Additionally, for comparison, PHQ-9 scores before the 
COVID-19 pandemic [24–26] among the general population were 
similar to the scores obtained in the middle-aged and aged groups in the 
present study. Accordingly, the level of depressive symptoms among 

Table 1 
Sociodemographic characteristics and measures among the total participants and the missing group at time 1.   

Total participants Missing group Statistical analysis  

N = 1468 N = 1240  

N/Mean %/SD N/Mean %/SD χ2/t p φ/d 

Age (Mean ± SD, t-test, d) 52.60 ± 15.82 45.10 ± 15.98 12.23 < 0.001 0.47 
Sex        

Male 805 54.8 549 44.3 30.00 < 0.001 0.11 
Female 663 45.2 691 55.7 

Residential areas        
Not under mild lockdown 740 50.4 639 51.5 0.34 0.56 0.01 
Under mild lockdown 728 49.6 601 48.5 

Underlying disease        
Without 1270 86.5 1119 90.2 9.00 0.003 0.06 
With 198 13.5 121 9.8 

Marital status        
Single 615 41.9 601 48.5 11.74 < 0.001 0.07 
Married 853 58.1 639 51.5 

Children        
Without 636 43.3 667 53.8 29.50 < 0.001 0.10 
With 832 56.7 573 46.2 

Household income        
< 2 million JPY 211 14.4 88 13.5 11.92 0.02 0.07 
2–4 million JPY 427 29.1 202 30.9 
4–6 million JPY 337 23.0 165 25.2 
6–8 million JPY 198 13.5 105 16.1 
> 8 million JPY 295 20.1 94 14.4 

Employment status        
Full-time worker 536 36.5 420 33.9 3.48 0.32 0.04 
No regular employment 468 31.9 408 32.9 
Homemaker 199 13.6 193 15.6 
Not working 265 18.1 219 17.7 

Economically impacted        
Unimpacted 807 55.0 664 53.5 1.38 0.50 0.02 
Negative impact 616 42.0 544 43.9 
Positive impact 45 3.1 32 2.6    

PHQ-9 (Mean ± SD, t-test, d) 5.0 5.3 5.7 5. 6 3.6 < 0.001 0.14 
STAXI (Mean ± SD, t-test, d)        

State Anger 15.09 5.42 15.28 5.33 0.92 0.36 0.04 
Anger Control 19.12 3.94 19.06 4.14 0.39 0.69 0.02 

Brief COPE (Mean ± SD, t-test, d)       
Self-distraction 4.64 1.36 4.77 1.37 2.51 0.01 0.10 
Active coping 5.27 1.32 5.24 1.28 0.66 0.51 0.03 
Denial 3.21 1.24 3.06 1.23 3.17 0.002 0.12 
Substance use 3.25 1.55 3.14 1.52 1.91 0.06 0.07 
Emotional support 4.01 1.43 4.14 1.47 2.36 0.02 0.09 
Instrumental support 3.98 1.47 4.16 1.49 3.14 0.002 0.12 
Behavioral disengagement 3.83 1.30 3.93 1.33 2.06 0.04 0.08 
Venting 3.99 1.31 4.14 1.38 3.00 0.003 0.12 
Positive reframing 4.75 1.43 4.75 1.41 0.01 0.99 0.00 
Planning 5.09 1.41 5.04 1.37 1.05 0.30 0.04 
Humor 3.70 1.36 3.66 1.35 0.78 0.43 0.03 
Acceptance 5.95 1.36 6.01 1.27 1.22 0.22 0.05 
Religion 3.28 1.41 3.21 1.35 1.46 0.14 0.06 
Self-blame 3.48 1.37 3.57 1.44 1.60 0.11 0.06  
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those in the middle-aged and aged groups might be the same or slightly 
worse than those in the general population before the COVID-19 
pandemic; on the other hand, the younger group might have worse 
mental health because of the pandemic. 

Some research has implied that mental health might have improved 
during the stable period of the pandemic [15,16]; however, PHQ-9 
scores in the present study did not improve among those in the 
younger group at the 2nd survey when the pandemic was temporarily 
settling in Japan. In addition, state anger, which was strongly related to 
depressive symptoms, remained at high levels among those in the 
younger group at the 2nd survey, even though state anger among those 
in the middle-aged and aged groups had decreased during a stable time 
of the pandemic. The state anger in the younger group was higher than 
that in the middle-aged and aged groups through the 3 surveys. Hence, 
state anger might be an important factor for depression, especially in 
younger individuals. Younger ages have been associated with higher 
levels of anger before the pandemic [32–36]. As an explanation for this 
finding, Brown [37] suggested that older adults were more adept at 
avoiding social stressors [38,39] and were more likely to utilize coping 
strategies that are most beneficial to them [40,41]. To support this 
suggestion, previous studies pointed out that risk factors and coping 
strategies differed depending on age [12–14]. 

Regarding the coping strategies used by the younger individuals in 
the present study, there were no adaptive strategies, but there were 
nonadaptive strategies, namely, self-blame and substance use. Younger 
individuals used self-blame and substance use more frequently than 
middle-aged and aged individuals. Although the individuals in the 
middle-aged and aged groups had some risk factors and used 
nonadaptive coping strategies, they also had some adaptive strategies, 
that is, venting, emotional support, humor, and positive reframing. In 
addition, emotional support, venting, and humor were most often used 
by the younger group, even though these coping strategies were not 

significantly related to depressive symptoms individuals in the younger 
group. 

Therefore, it is suggested that the younger adults used some coping 
strategies with some frequency and attempted to deal with the stress 
resulting from the COVID-19 pandemic; however, they either did not 
select adaptive strategies, or if they did select potential adaptive stra-
tegies, they did not make use of the strategies as well as the middle-aged 
and aged adults. As a result, the younger adults did not control their 
anger, and their depressive level continued to worsen; in contrast, when 
the pandemic was temporarily under control, the middle-aged and aged 
individuals maintained their mental health. There is a possibility that 
younger people need advice and skill training to adaptively use these 
strategies to control their anger and improve their mental health. 

4.1. Limitation 

We recruited participants who satisfied particular criteria, such as 
living in certain residential areas and being capable of using a mobile 
phone or personal computer to answer the web-based survey, and we 
used a quota sampling method based on age, sex, and employment 
status. In addition, 45.8% of participants who participated in the 1st 
survey dropped out of the longitudinal survey, accordingly, these results 
cannot reflect the entire Japanese population. Although the difference in 
PHQ-9 scores between the participants and missing group was small, the 
missing group was younger than the participants. There is a possibility 
that the results would have differed between the missing group and the 
participants in the present study. 

As responses to the survey were self-reported, the depressive symp-
toms, emotions, and behaviors of the participants were not observed. In 
particular, the present study cannot explicitly determine whether 
depression was actually present. 

Finally, some research has pointed out that students experience 

Table 2 
Sociodemographic characteristics of the participants by age group (N = 1468).   

Younger adult Middle-aged adult Aged adult Statistical analysis  

N = 368 N = 667 N = 433  

N % N % N % χ2 p φ 

Sex          
Male 219 59.5 346 51.9 240 55.4 5.67 0.06 0.06 
Female 149 40.5 321 48.1 193 44.6 

Residential areas          
Not under mild lockdown 201 54.6 340 51.0 199 46.0 6.13 0.047 0.07 
Under mild lockdown 167 45.4 327 49.0 234 54.0 

Underlying disease          
Without 349 94.8 580 87.0 341 78.8 44.31 < 0.001 0.17 
With 19 5.2 87 13.0 92 21.2 

Marital status          
Single 233 63.3 296 44.4 86 19.9 157.41 < 0.001 0.33 
Married 135 36.7 371 55.6 347 80.1 

Children          
Without 260 70.7 310 46.5 66 15.2 253.69 < 0.001 0.42 
With 108 29.3 357 53.5 367 84.8 

Household income          
< 2 million JPY 50 13.6 116 17.4 45 10.4 39.83 < 0.001 0.12a 

2–4 million JPY 100 27.2 164 24.6 163 37.6 
4–6 million JPY 95 25.8 144 21.6 98 22.6 
6–8 million JPY 63 17.1 86 12.9 49 11.3 
> 8 million JPY 60 16.3 157 23.5 78 18.0 

Employment status          
Full-time worker 127 34.5 278 41.7 131 30.3 18.04 0.006 0.08a 

No regular employment 123 33.4 198 29.7 147 33.9 
Homemaker 49 13.3 89 13.3 61 14.1 
Not working 69 18.8 102 15.3 94 21.7 

Economically impacted          
Unimpacted 195 53.0 335 50.2 277 64.0 21.46 < 0.001 0.09a 

Negative impact 159 43.2 311 46.6 146 33.7 
Positive impact 14 3.8 21 3.1 10 2.3  

a Cramer’s V. 
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greater mental disruption than workers [42]; however, the present study 
could not selectively investigate students and university students. 
Additionally, even though the present study was conducted in only one 
country, further study using international comparison might be required 
to discuss mental health, especially among young adults, during the 
COVID-19 pandemic and to elucidate the particular populations who 
need professional care. 

5. Conclusion 

The present study showed that the level of depressive symptoms 
among the younger adult population might be considerably worse than 
the relatively stable or slightly worse levels observed in the middle-aged 
and aged adult, although, many studies pointed out that the mental 

health of the general population worsened during the COVID-19 
pandemic [2,7,10,43–47]. State anger might hold the key to the dete-
rioration in mental health among the younger individuals. State anger 
among middle-aged and aged individuals decreased when the pandemic 
was in a stable phase; in contrast, state anger among the younger in-
dividuals was not alleviated, and these high levels of state anger were 
strongly related to depressive symptoms. Before the pandemic, younger 
people were shown to have higher levels of anger than older people, 
which might be related to coping strategies [32–41]. The results of the 
present study suggested that some coping strategies were used more 
frequently by the younger group; however, these coping strategies either 
were nonadaptive strategies or were adaptive strategies only in the 
middle-aged and aged groups. On the other hand, middle-aged and aged 
adults had some risk factors and used nonadaptive coping strategies; 

Table 3 
Scores on the PHQ-9, STAXI, and Brief COPE.    

Younger adult Middle-aged 
adult 

Aged adult Statistical analysis 

Interaction Survey time (within) Age group (between)   

Mean SD Mean SD Mean SD F p partial 
η2 

F p partial 
η2 

F p partial 
η2 

PHQ-9 Time 1 6.9 5.9 5.2 5.3 0.8 3.6 2.92 0.02 0.00 0.75 0.47 0.00 79.72 <

0.001 
0.10 

Time 2 6.8 6.0 5.3 5.4 2.7 3.4 
Time 3 7.2 6.3 5.0 5.6 2.8 3.9 

State Anger Time 1 15.75 6.26 15.14 5.50 11.73 4.38 4.58 0.001 0.01 11.73 <

0.001 
0.01 14.86 <

0.001 
0.02 

Time 2 15.92 6.93 14.07 5.38 13.52 4.42 
Time 3 16.01 6.94 14.58 5.71 14.15 4.97 

Anger Control Time 1 18.56 4.58 19.26 3.76 23.40 3.55 1.56 0.18 0.00 23.40 <

0.001 
0.02 5.43 0.004 0.01 

Time 2 18.03 5.08 18.03 4.60 18.65 4.15 
Time 3 17.85 5.16 18.44 4.34 18.72 4.51 

Self- 
distraction 

Time 1 4.73 1.56 4.63 1.30 23.72 1.25 0.85 0.50 0.00 23.72 <

0.001 
0.02 4.58 0.01 0.01 

Time 2 4.59 1.57 4.30 1.43 4.29 1.39 
Time 3 4.52 1.54 4.36 1.49 4.31 1.41 

Active coping Time 1 5.09 1.48 5.28 1.28 31.60 1.21 1.03 0.39 0.00 31.60 <

0.001 
0.02 8.73 <

0.001 
0.01 

Time 2 4.86 1.55 4.88 1.45 5.14 1.38 
Time 3 4.82 1.56 4.99 1.44 5.16 1.36 

Denial Time 1 3.19 1.39 3.18 1.20 2.34 1.15 2.94 0.02 0.00 2.34 0.10 0.00 3.75 0.02 0.01 
Time 2 3.34 1.49 3.07 1.21 3.24 1.29 
Time 3 3.25 1.46 3.04 1.24 3.17 1.20   

Substance use Time 1 3.39 1.69 3.31 1.59 1.29 1.35 0.64 0.63 0.00 1.29 0.28 0.00 7.75 < 0.001 0.01 
Time 2 3.30 1.68 3.24 1.57 3.04 1.40 
Time 3 3.35 1.67 3.27 1.56 2.95 1.36 

Emotional support Time 1 4.27 1.68 4.07 1.37 13.44 1.24 0.88 0.48 0.00 13.44 < 0.001 0.01 22.50 < 0.001 0.03 
Time 2 4.16 1.71 3.81 1.46 3.55 1.30 
Time 3 4.09 1.64 3.86 1.48 3.57 1.35 

Instrumental support Time 1 4.19 1.71 4.04 1.41 8.89 1.29 1.03 0.39 0.00 8.89 < 0.001 0.01 17.66 < 0.001 0.02 
Time 2 4.11 1.67 3.88 1.48 3.51 1.31 
Time 3 4.01 1.68 3.86 1.49 3.61 1.37 

Behavioral disengagement Time 1 4.12 1.49 3.84 1.26 5.78 1.11 0.53 0.71 0.00 5.78 0.003 0.00 30.53 < 0.001 0.04 
Time 2 4.10 1.54 3.71 1.41 3.50 1.23 
Time 3 4.01 1.54 3.71 1.37 3.41 1.22 

Venting Time 1 4.11 1.51 4.03 1.29 9.10 1.14 0.35 0.84 0.00 9.10 < 0.001 0.01 9.97 < 0.001 0.01 
Time 2 4.00 1.63 3.81 1.37 3.64 1.23 
Time 3 4.03 1.59 3.91 1.32 3.71 1.21 

Positive reframing Time 1 4.55 1.59 4.77 1.40 16.56 1.32 1.89 0.11 0.00 16.56 < 0.001 0.01 2.76 0.06 0.00 
Time 2 4.40 1.62 4.53 1.56 4.64 1.44 
Time 3 4.49 1.68 4.53 1.56 4.52 1.47 

Planning Time 1 4.90 1.58 5.10 1.35 32.54 1.32 1.11 0.35 0.00 32.54 < 0.001 0.02 4.21 0.015 0.01 
Time 2 4.73 1.58 4.77 1.49 4.86 1.46 
Time 3 4.67 1.57 4.85 1.52 4.93 1.44 

Humor Time 1 3.90 1.56 3.73 1.35 5.68 1.14 1.42 0.22 0.00 5.68 0.003 0.00 11.36 < 0.001 0.02 
Time 2 3.79 1.52 3.67 1.48 3.51 1.28 
Time 3 3.83 1.58 3.53 1.46 3.37 1.21 

Acceptance Time 1 5.67 1.63 6.01 1.30 20.27 1.15 0.02 > 0.99 0.00 20.27 < 0.001 0.01 13.47 < 0.001 0.02 
Time 2 5.43 1.74 5.77 1.52 5.83 1.40 
Time 3 5.44 1.72 5.77 1.60 5.85 1.37 

Religion Time 1 3.36 1.52 3.28 1.40 0.93 1.33 0.66 0.62 0.00 0.93 0.39 0.00 2.609 0.07 0.00 
Time 2 3.38 1.52 3.18 1.42 3.19 1.32 
Time 3 3.43 1.61 3.22 1.42 3.24 1.36 

Self-blame Time 1 3.76 1.62 3.47 1.32 3.88 1.14 2.15 0.07 0.00 3.88 0.02 0.00 26.89 < 0.001 0.04 
Time 2 3.81 1.73 3.35 1.42 3.11 1.15 
Time 3 3.73 1.77 3.26 1.39 3.18 1.26  
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however, they might have maintained their mental health because they 
could adaptively use particular coping strategies. Hence, younger in-
dividuals might not make use of the strategies as well as the middle-aged 
and aged individuals, even though they might have been attempting to 
deal with the stress resulting from the COVID-19 pandemic. To improve 
their depressive symptoms, advice and skill training for making good use 
of these strategies might be needed for younger adults. 
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Table 4 
Multiple linear regression of risk factors at time 1 and the STAXI and Brief COPE scores at time 3 associated with the PHQ-9 score at time 3.     

Younger adult  Middle-aged adult  Aged adult    

β (95% CI) p value β (95% CI) p value β (95% CI) p value 

Sex Male Ref  0.08 Ref  0.91 Ref  0.79  
Female 0.09 (− 0.15, 2.38) 0.00 (− 0.74, 0.83) 0.01 (− 0.69, 0.91) 

Residential areas Not under mild lockdown Ref  0.48 Ref  0.82 Ref  0.85 
Under lockdown 0.03 (− 0.65, 1.39) - 0.01 (− 0.75, 0.59) - 0.01 (− 0.70, 0.58) 

Underlying diseasea Without Ref  0.40 Ref  0.003 Ref  0.03  
With 0.03 (− 1.25, 3.16) 0.09 (0.53, 2.50) 0.09 (0.10, 1.66) 

Marital status Single Ref  0.005 Ref  < 0.001 Ref  0.06  
Married - 0.19 (− 4.22, − 0.76) - 0.15 (− 2.73, − 0.70) - 0.09 (− 1.85, 0.03) 

Children Without Ref  0.78 Ref  0.91 Ref  0.60  
With 0.02 (− 1.47, 1.95) 0.00 (− 0.91, 0.81) - 0.02 (− 1.20, 0.69) 

Household income < 2 million JPY Ref   Ref   Ref    
2–4 million JPY - 0.04 (− 2.28, 1.13) 0.51 - 0.02 (− 1.35, 0.92) 0.71 - 0.06 (− 1.59, 0.71) 0.45  
4–6 million JPY - 0.07 (− 2.77, 0.72) 0.25 - 0.04 (− 1.85, 0.72) 0.39 - 0.13 (− 2.43, 0.10) 0.07  
6–8 million JPY - 0.02 (− 2.30, 1.54) 0.70 0.00 (− 1.61, 1.46) 0.92 - 0.03 (− 1.74, 1.13) 0.67  
> 8 million JPY - 0.06 (− 2.99, 0.95) 0.31 0.01 (− 1.37, 1.57) 0.90 - 0.06 (− 2.01, 0.72) 0.36 

Employment status Full-time worker Ref   Ref   Ref    
No regular employment 0.06 (− 0.46, 2.10) 0.21 0.00 (− 0.91, 0.87) 0.96 - 0.01 (− 0.89, 0.79) 0.91  
Homemaker 0.09 (− 0.27, 3.61) 0.09 0.07 (0.07, 2.37) 0.04 0.03 (− 0.84, 1.54) 0.56  
Not working 0.15 (0.76, 3.93) 0.004 0.04 (− 0.57, 1.90) 0.29 0.00 (− 0.97, 1.01) 0.97 

Economic impact Unimpacted Ref   Ref   Ref    
Negative impact 0.04 (− 0.53, 1.58) 0.33 0.12 (0.64, 2.02) < 0.001 0.05 (− 0.26, 1.10) 0.23  
Positive impact 0.01 (− 2.34, 2.94) 0.82 - 0.02 (− 2.64, 1.22) 0.47 0.08 (− 0.09, 4.20) 0.06      

Younger adults   Middle-aged adults   Aged adults    

β (95% CI) p value β (95% CI) p value β (95% CI) p value 

STAXI State Anger 0.47 (0.33, 0.52) < 0.001 0.39 (0.31, 0.45) < 0.001 0.44 (0.27, 0.41) < 0.001  
Anger Control 0.04 (− 0.06, 0.17) 0.37 0.03 (− 0.06, 0.14) 0.40 0.07 (− 0.02, 0.14) 0.17 

Brief COPE Self-distraction 0.06 (− 0.21, 0.69) 0.30 0.08 (− 0.04, 0.60) 0.09 0.06 (− 0.16, 0.48) 0.32  
Active coping - 0.06 (− 0.70, 0.25) 0.35 - 0.08 (− 0.68, 0.05) 0.09 - 0.05 (− 0.48, 0.20) 0.42  
Denial - 0.12 (− 1.03, 0.02) 0.06 - 0.04 (− 0.56, 0.18) 0.32 0.02 (− 0.29, 0.42) 0.73  
Substance use 0.10 (0.01, 0.76) 0.045 0.07 (0.00, 0.51) 0.048 - 0.07 (− 0.47, 0.10) 0.20  
Emotional support - 0.11 (− 0.94, 0.13) 0.14 - 0.11 (− 0.80, − 0.01) 0.047 0.08 (− 0.17, 0.64) 0.25  
Instrumental support 0.01 (− 0.46, 0.55) 0.86 0.08 (− 0.05, 0.66) 0.10 0.02 (− 0.35, 0.43) 0.83  
Behavioral disengagement 0.10 (− 0.02, 0.83) 0.06 0.16 (0.32, 0.95) < 0.001 0.05 (− 0.16, 0.50) 0.30  
Venting - 0.12 (− 0.96, 0.00) 0.05 - 0.09 (− 0.75, − 0.04) 0.03 - 0.15 (− 0.84, − 0.14) 0.006  
Positive reframing 0.07 (− 0.16, 0.66) 0.24 - 0.04 (− 0.45, 0.19) 0.43 - 0.16 (− 0.75, − 0.09) 0.01  
Planning - 0.05 (− 0.70, 0.27) 0.38 - 0.11 (− 0.75, − 0.04) 0.03 0.04 (− 0.24, 0.43) 0.57  
Humor - 0.05 (− 0.60, 0.22) 0.36 - 0.08 (− 0.6, − 0.04) 0.03 - 0.02 (− 0.39, 0.24) 0.64  
Acceptance 0.10 (− 0.03, 0.73) 0.07 0.11 (0.10, 0.67) 0.007 - 0.01 (− 0.32, 0.27) 0.85  
Religion 0.00 (− 0.42, 0.44) 0.96 - 0.04 (− 0.44, 0.13) 0.29 0.02 (− 0.26, 0.36) 0.75  
Self-blame 0.25 (0.50, 1.26) < 0.001 0.24 (0.63, 1.27) < 0.001 0.23 (0.37, 1.08) < 0.001  
R2  0.45 < 0.001  0.42 < 0.001  0.30 < 0.001 

a Underlying disease that could easily be exacerbated by coronavirus; CI: confidence interval. 
CI: confidence interval. 
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