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Abstract 1 

The occurrence of human growth after a stressful experience, such as a disaster, is called 2 

post-traumatic growth (PTG). PTG has been confirmed among people affected by the 3 

Great East Japan Earthquake (GEJE). We hypothesised that people who experienced PTG 4 

during the GEJE would be able to better respond to the coronavirus disease 2019 5 

(COVID-19) compared to those who did not. This cross-sectional study conducted a 6 

survey via a posting method between 25 January and 16 February 2021. We randomly 7 

distributed questionnaires to 1800 residents of Fukushima and Miyagi prefectures aged 8 

20–26 years. We included 582 participants who responded. PTG caused by the GEJE was 9 

significantly higher in the affected prefectures, especially among those who experienced 10 

the earthquake and tsunami. Furthermore, it was significantly associated with COVID-11 

19-related responses, such as avoiding the three-Cs (i.e., closed spaces, crowded places, 12 

and close-contact settings), basic infection control, taking care of oneself under self-13 

restraint, and getting enough rest and nutrition. This suggested that experiencing PTG 14 

may have enabled people affected by the GEJE to better respond to the COVID-19 15 

pandemic. However, PTG was also associated with exclusive behaviours, although this 16 

association was weaker than that for other COVID-19-related responses. Hence, support 17 

for increased PTG during the post-disaster period was suggested. 18 
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 21 

1. Introduction 22 

The coronavirus disease 2019 (COVID-19) pandemic is a serious public health 23 

emergency and threat to human health. The COVID-19 pandemic and its related measures, 24 

including isolation, had a negative impact on people’s mental health, such as anxiety, fear, 25 

irritability, sleep disturbances, and substance dependence [1–6]. COVID-19 also severely 26 

impacted the economy [7]. Under strict behavioural restrictions and economic conditions, 27 

suicide rates increased in some countries, including Japan [8]. The COVID-19 pandemic 28 

was regarded as a ‘disaster’. During disasters, many people experience flashbacks, 29 

nightmares, increased anxiety and tension, and loss of sense of reality due to pain, known 30 

as post-traumatic stress disorder (PTSD). In contrast, after a stressful experience, such as 31 

bereavement of a familiar person, personal injury, or disaster, post-traumatic growth 32 

(PTG) may occur when people realise the importance of their relationships with others, 33 

undergo a psychological transformation, and gain strength. In a previous study, 53% of 34 

trauma survivors experienced PTG and became more positive regarding their lives and 35 

the world [9, 10]. They also enjoyed greater life satisfaction, happiness, and psychological, 36 



3 
 

emotional, and physical well-being [11]. Predictors of PTG included gender, higher 37 

education, occupation (trained professionals), hope, positive coping, social support, and 38 

intentional rumination (interpretation of their trauma) [9]. Furthermore, PTG was higher 39 

among those who sought medical information, such as diagnosis and prognosis, and 40 

psychosocial information, such as a healthy lifestyle, information exchange with other 41 

patients, or mutual support forums [12]. Traumatic events can have a lasting impact, cause 42 

people to reflect on their experiences, and ultimately develop as individuals [13]. Previous 43 

studies focused on factors that predicted PTG. However, few studies have included the 44 

same group of people who faced multiple disasters. A study found that PTG after a strike 45 

at a hospital in Seattle before the COVID-19 pandemic allowed for an optimal 46 

organizational response against COVID-19 [14]. It is unclear whether PTG acquired in a 47 

former disaster results in better responses to difficulties in a later disaster among 48 

individuals who have experienced multiple disasters. 49 

The Great East Japan Earthquake (GEJE), subsequent tsunami, and Fukushima nuclear 50 

power plant accident on 11 March 2011 caused enormous human suffering and economic 51 

damage. PTG was confirmed in people affected by the GEJE [15, 16]. Higher PTG was 52 

reported among younger individuals and those who engaged in intentional and intrusive 53 

rumination [16]. Therefore, clarifying the association between PTG acquired during the 54 
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GEJE and responses to COVID-19 among individuals was expected to generate 55 

foundational knowledge on the role of PTG in multiple disasters. 56 

We investigated the association between PTG caused by the GEJE and responses related 57 

to COVID-19 among individuals who were children during the GEJE. We hypothesised 58 

that those who experienced PTG would take more effective infection control measures 59 

against COVID-19 and fewer exclusive actions than those who did not. 60 

 61 

2. Materials and Methods 62 

2.1. Survey design and participants 63 

This was a cross-sectional study. The survey was conducted via a posting method between 64 

25 January and 16 February 2021. Participants were randomly selected from the resident 65 

registers of Miyagi and Fukushima prefectures (900 each) from 1,800 people aged 20–26 66 

years. These ages corresponded to those aged 10–15 years during the GEJE, respectively. 67 

We chose this age group as prior studies demonstrated that young people experienced 68 

more PTG due to the variety of education they received while growing up [17]. Generally, 69 

the Japanese curriculum defined compulsory education as between the ages of 7 to 15 70 

years. This was equivalent to six and three years of elementary and junior high school, 71 

respectively. The compulsory education program did not cover education after junior high 72 
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school. However, many students entered senior high school between the ages of 15 and 73 

18 years. Some students also entered four-year institutions post high school (18 to 22 74 

years), while others attended two- or three-year universities after graduation. In 2020, 75 

95.5% and 54.3% of students progressed to senior high school and university, respectively 76 

[18]. 77 

Of the 1,800 residents, 609 (33.8%) responded. Of these, those with a difference of > 1 78 

year between their age in the resident registry and age they answered and with missing 79 

responses regarding PTG were excluded. Hence, 27 individuals were excluded (seven due 80 

to disagreement in age group and 20 due to missing items related to COVID-19). Finally, 81 

582 participants were included in the analysis. 82 

2.2. Questionnaire and analysis 83 

The Japanese version of the Post-Traumatic Growth Inventory (PTGI) was used, with 84 

permission from the original author [19]. The expanded version (PTGI-X-J) used 25 items 85 

to measure five domains: relating to others, new possibilities, personal strength, spiritual 86 

and existential changes, and appreciation of life. Participants were asked to indicate the 87 

degree to which they ‘experienced’ or ‘did not experience’ change as a result of the GEJE 88 

(0 = did not experience; 5 = experienced to a great degree). The scores ranged from 0 to 89 

125, and higher scores indicated greater PTG. 90 
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We used 12 questionnaire items regarding the participants’ attitudes toward COVID-19, 91 

their practices regarding their responses, and their perceptions of health, with permission 92 

from the original author (1 (very untrue) to 5 (very true)) [20]. We also created and added 93 

12 items, which included items regarding health promotion behaviour, as well as stigma 94 

and exclusive behaviour observed after the COVID-19 pandemic (1 (strongly disagree) 95 

to 5 (strongly agree)). We included these items to broadly examine how existing PTG 96 

affected people's behaviour in response to another disaster.  Concerns were raised during 97 

the COVID-19 outbreak regarding changes in basic health promotion behaviours [21] and 98 

exclusionary behaviours, such as stigma against at-risk populations [22, 23].  Therefore, 99 

we utilized these items to assess whether people who experienced PTG would engage in 100 

‘good behaviours’, such as health-promoting behaviours, or ‘bad behaviours’, such as 101 

stigma and exclusionary behaviours. Covariates were also assessed considering their 102 

associations with PTG. Participants’ relationships with others (social networks; score 103 

range: 0–30) [24], sources of information they trusted [25], and literacy regarding health 104 

information on the Internet (e-health literacy; score range: 8–40) were also enquired [26]. 105 

Questions on participants’ attributes included their place of residence during the GEJE, 106 

experiences during the disaster (i.e. earthquake, tsunami, or nuclear power plant accident 107 

[experience of hearing the explosion]) [27], damage to their houses [28], relocation 108 
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experience, age, gender, and occupation (Table 1).  109 

2.3. Statistical analysis 110 

Cronbach’s alpha coefficient for the PTGI-X-J (25 items) was calculated. Factor analysis 111 

was conducted on responses to COVID-19, and the number of factors was determined via 112 

parallel analysis [29]. Missing data were excluded. Maximum likelihood and Promax 113 

rotation were used for factor analysis. Subsequently, Cronbach’s alpha coefficients were 114 

estimated for the items in each factor, with absolute factor loadings of ≥ 0.4. 115 

A t-test and one-way analysis of variance were used to evaluate the differences in PTG or 116 

factor scores of COVID-19 responses. Regarding age, participants were divided into two 117 

groups based on the median values: younger (< 23 years) and older (≥ 23 years). 118 

Regarding e-health literacy and social network, participants were divided into two groups 119 

based on previous reports [24, 26]: high (≥ 25) and low (< 25) and strong (≥ 12) and weak 120 

(< 12), respectively. For analysis on gender and the other items, 580 and 582 people were 121 

analysed, respectively. Pearson’s correlations were used to evaluate the associations 122 

between PTG and factor scores of COVID-19 responses.  123 

A multiple regression analysis was conducted, adjusted for the covariates that showed 124 

significant associations (p < 0.05) with both PTG and any COVID-19 responses. The 125 

outcome variables were the factor scores of the COVID-19 responses. Although 126 
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"none/any of the three disaster experiences" was significant as a univariate, this item was 127 

not included as a covariate in the multiple regression analysis as the presence or absence 128 

of earthquake and tsunami experience were included as covariates. The explanatory 129 

variable was the PTG score. Covariates included age, occupation, place of residence 130 

during the GEJE, earthquake experience, tsunami experience, trusted information 131 

(newspapers), e-health literacy, and social networks. Variance inflation factors (VIF) were 132 

1.186, 4.276, and 4.291 for the exposure factor PTG, place of residence during the GEJE 133 

(Fukushima), and place of residence during the GEJE (Miyagi and Iwate), respectively. 134 

All other items were ≤ 1.743, which indicated low multicollinearity. IBM SPSS Statistics 135 

version 24 was used for analysis. 136 

2.4. Ethics 137 

This study was approved by the Ethics Committee of Fukushima Medical University 138 

(Approval No: General 2020-182). Consent was obtained from all the participants. 139 

Participants submitted the questionnaire after being informed of the study purpose and 140 

their right to withdraw. 141 

 142 

3. Results 143 

Cronbach’s alpha coefficient for the PTGI-X-J (25 items) was 0.960 and the overall mean 144 
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score was 52.00 (Table 2). The mean score of the PTGI-J (21 items), often assessed in 145 

previous studies [30], was 43.40. PTG scores were significantly higher for those who 146 

were younger, self-employed or company employees, considered newspapers as trusted 147 

information sources, resided in the affected prefectures during the GEJE (especially 148 

Fukushima), had experienced the tsunami, whose houses had been half or completely 149 

destroyed, had high e-health literacy, and strong social networks. 150 

The parallel analysis identified five factors (Table 3). Cronbach’s alpha coefficients for 151 

the items with an absolute factor loadings of ≥ 0.4 were 0.851, 0.669, 0.616, 0.676, and 152 

0.762 for factors 1–5, respectively. Factor analysis revealed that factor 1 had high factor 153 

loadings for the three Cs (closed spaces, close-contact settings, and crowded places) 154 

avoidance: ‘avoid closed spaces with poor ventilation’, ‘avoid close contact settings, such 155 

as close-range conversations’, ‘avoid crowded places with many people nearby’, and 156 

‘avoid places where they overlap (3 Cs)’. Factor 2 had high factor loadings for no 157 

exclusive behaviour, such as ‘keep the distance from foreigners when I see them’, ‘feel 158 

uncomfortable when I see out-of-prefecture license plate numbers’, ‘have stocked up on 159 

masks’, and ‘have stocked up on toilet papers’ (all reversed items). Factor 3 had high 160 

loadings for basic infection control measures, such as handwashing, cough etiquette, and 161 

mask-wearing. Factor 4 showed high factor loadings for health management under self-162 
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restraint, as found in ‘have exercised to maintain health under the self-restraint’ and ‘have 163 

engaged in some kind of activity to reduce stress during the self-restraint’. Factor 5 164 

showed high factor loadings for items regarding rest and nutrition: ‘got sufficient rest and 165 

sleep’ and ‘ate a nutritious diet’. 166 

Results of the univariate analyses of the COVID-19 responses are shown in Tables S1 and 167 

S2 in the Supplementary Materials. The multiple regression analysis showed that PTG 168 

was significantly associated with all factors of COVID-19 responses (Table 4).  169 

Significant positive associations were found for factors 1 and 3–5, whereas a significant 170 

negative association was found for factor 2. The standardised partial regression 171 

coefficients for PTG for factors 1–5 were 0.231, −0.167, 0.364, 0.337, and 0.324, 172 

respectively. Furthermore, they were higher for PTG for factors 1, 3, 4, and 5 than those 173 

for other variables (Table 4). 174 

 175 

4. Discussion 176 

This study evaluated the hypothesis that individuals who were children during the GEJE 177 

and experienced PTG would take effective infection control measures against COVID-19 178 

and exhibit non-exclusive behaviour during the pandemic. 179 

The PTGI-J scores in our study were 52.00 and 43.40 for 25 and 21 items, respectively. 180 
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In previous studies, scores for the 21 item scale were 36.95 and 39.63 among medical 181 

university students in Fukushima 1 month after the GEJE [15] and adult survivors eight 182 

years after the Wenchuan earthquake, respectively [31]. The scores in our study were 183 

higher than those in previous studies. This may be since the study investigated 184 

participants approximately 10 years after the GEJE. Furthermore, they had more 185 

opportunities to experience PTG through school education and other means, such as 186 

social networks. There was also a difference in PTG between the younger and older 187 

groups (aged 20–22 and 23–26 years, equivalent to elementary school and junior high 188 

school students at the time of the earthquake, respectively). This may be due to the fact 189 

that the younger group had a longer educational period after the earthquake and spent 190 

more time in an environment where PTG was more likely to occur. Higher PTG was also 191 

observed among those who experienced the disaster or lived in prefectures affected by 192 

the disaster, which confirmed the PTG theory: individuals who experienced a disaster 193 

gained PTG. Furthermore, PTG was higher among those with strong social networks. 194 

This finding was consistent with a previous report [32]. However, although there was an 195 

inverted U-shaped relationship between exposure to a disaster and PTG [33], in the 196 

present study, those who experienced a disaster showed higher PTG than those who did 197 

not, especially those who experienced the tsunami. Disaster-related items (place of 198 
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residence during the GEJE, disaster experience, and damage to houses) and social 199 

networks along with other factors, which included age, occupation, trusted information, 200 

and e-health literacy, were significantly associated with PTG. This finding provided new 201 

insights into the possible predictors of PTG. 202 

The parallel analysis extracted five factors: 3Cs avoidance, no exclusive behaviour, basic 203 

infection control, taking care of oneself under self-restraint, and getting enough rest and 204 

nutrition. The univariate analysis revealed that the five-factor scores were associated with 205 

PTG, age, gender, occupation, place of residence at the time of the GEJE, disaster 206 

experience, trusted information source, e-health literacy, and social networks. In 207 

particular, women and those with higher e-health literacy tended to take actions related to 208 

infectious disease control (factors 1 and 3). In addition, those who trusted newspapers 209 

were likely to implement basic infection control measures (factors 1 and 3). A previous 210 

study reported similar findings; women with higher levels of knowledge regarding the 211 

pandemic and more information regarding COVID-19 were more likely to take infection 212 

control measures [34–36].  213 

The multiple regression analysis showed that PTG was significantly and positively 214 

associated with factor scores 1 and 3–5, adjusted for the covariates. Those who developed 215 

PTG were more likely to implement the three Cs avoidance, basic infection control, health 216 
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management under self-restraint, and rest or nutrition. In particular, the standardised 217 

partial regression coefficients of PTG of these factor scores were larger than those of the 218 

other variables, which indicated the important role of PTG in COVID-19 responses. A 219 

previous study reported that people reflected on and learnt from a crisis and applied what 220 

they had learned to respond better to COVID-19 [5]. Another study also revealed that 221 

COVID-19 control behaviours were associated with empathy for others, a component of 222 

PTG [37–39]. PTG acquisition, which included the ability to empathise with others, may 223 

have promoted preventive behaviours against COVID-19 after a disaster experience. 224 

In contrast, factor 2 showed a weak negative association with PTG. This indicated that 225 

people with higher PTG behaved more exclusively toward others after the COVID-19 226 

pandemic. This finding contradicted our hypothesis. Although exclusivity was not 227 

desirable, this result could be interpreted as those who have had a threat of infection were 228 

more likely to have exclusivity [22]. Furthermore, those who tried to comply with public 229 

health rules were more likely to act exclusively in their decision-making [23]. This result 230 

also represented an aspect of the desire for survival, and did not conflict with PTG, which 231 

included importance of life and death as a component. Existing research [40] also reported 232 

a positive association between PTG and exclusiveness to out-groups. However, the 233 

association with factor 2 was slightly weaker than that with other factors, which probably 234 
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reflected that ethical aspects were likely to create differences in thinking among 235 

individuals. 236 

Overall, this study highlighted the powerful role of PTG in response to a subsequent 237 

pandemic or disaster. Providing support to increase PTG in after a disaster may lead to 238 

further appropriate behaviours, such as adherence to infection control measures. This 239 

study also revealed that stronger social networks and higher e-health literacy were 240 

associated with PTG. Therefore, promoting a stronger social networks or e-health literacy 241 

can be key factors for enhancing PTG and eventually increasing health-preventive 242 

behaviours during another future disaster. 243 

This study had some limitations. First, owing to the cross-sectional design, causal 244 

relationships could not be identified. Second, since the participants were limited to youths, 245 

the findings may not be applicable to other generations. Third, this study focused on the 246 

GEJE and COVID-19 outbreak. Natural disasters, nuclear disasters, and pandemics were 247 

different types of disasters; while COVID-19 divided people to avoid infection, GEJE 248 

had united people to rebuild their communities. Generalization and application of these 249 

findings to different types of disasters should be done with caution. Fourth, the low 250 

response rate may have caused selection bias. However, this value was better than that of 251 

previous studies conducted after the GEJE [41]. Respondents may have had better mental 252 
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health than non-respondents [42]. Thus, the PTG scores in our study may have been 253 

overestimated. However, we assessed the association between PTG and COVID-19 254 

responses after adjusting for covariates to mitigate the effects of selection bias. Further 255 

findings should be obtained by targeting all age groups and collecting responses via other 256 

methods. 257 

Despite these limitations, this study was the first to reveal that post-GEJE PTG was 258 

associated with COVID-19 responses. This study highlighted the significance of 259 

providing support, such as enhancement of social networks and e-health literacy, to 260 

increase PTG after a disaster. 261 
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Table 1. Participants’ characteristics (N=582). 421 
 N (%) or mean (SD) 

Age (years) 22.57 (1.75) 

Younger 292 (50.2) 

Older 290 (49.8) 

Gender  

Men 252 (43.3) 

Women 328 (56.4) 

Other 2 (0.3) 

Occupation  

Company employee 299 (51.9) 

Self-employed 7 (1.2) 

Student 179 (30.8) 

Other 91 (15.6) 

Place of residence at the time of the Great East Japan Earthquake  

Fukushima 277 (47.6) 

Miyagi and Iwate 255 (43.8) 

Other 46 (7.9) 

Disaster experience  

Earthquake 569 (97.8) 

Tsunami 65 (11.2) 

Nuclear power plant accident (heard an explosion) 21 (3.6) 

None  12 (2.1) 

Damage to houses  

No damage / Partially damaged 509 (95.3) 

Half or completely destroyed 69 (4.7) 

Relocation experience after the Great East Japan Earthquake  

Yes 135 (23.2) 

No 446 (76.8) 

Trusted information  

TV and radio: Trust 343 (58.9) 

TV and radio: Do not trust 239 (41.1) 

Newspapers: Trust 221 (38.0) 

Newspapers: Do not trust 361 (62.0) 

Central government: Trust 284 (48.8) 

Central government: Do not trust 298 (51.2) 

Direct information from researchers: Trust 187 (32.1) 

Direct information from researchers: Do not trust 395 (67.9) 

Direct Information from friends: Trust 90 (15.5) 

Direct Information from friends: Do not trust 492 (84.5) 

On-line information from researchers: Trust 222 (38.1) 
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  422 

On-line information from researchers: Do not trust 360 (61.9) 

On-line Information from others: Trust 46 (7.9) 

On-line Information from others: Do not trust 536 (92.1) 

Trust none of above 52 (8.9) 

Trust any of above 530 (91.1) 

e-health literacy  

High 233 (40.5) 

Low 343 (59.5) 

Frequency of searching for information on the Internet  

Once a week or more 550 (95.2) 

Less than once a week 28 (4.8) 

Social network  

Strong 373 (64.4) 

Weak 206 (35.6) 
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Table 2. PTG (post-traumatic growth) scores and participants’ characteristics. 423 
 Participants’ Characteristics Mean of the PTGI-X-J (25 items)# p 

Overall Average  52.00  

Age   

Younger 54.64 0.018 

Older 49.32  

Gender   

Men 51.38 0.583 

Women 52.63  

Occupation   

Company employee 52.38 0.035 

Self-employed 53.29  

Student 54.83  

Other 44.83  

Place of residence at the time of the Great East Japan Earthquake   0.005 

Fukushima 54.35  

Miyagi and Iwate 51.22  

Other 40.83  

Disaster experience   

Experienced earthquake 52.42 0.011 

No earthquake experience 32.83  

Tsunami experience 62.86 0.001 

No tsunami experience 50.71  

Experiencing a nuclear power plant accident 53.90 0.744 

No experience of nuclear accident 51.93  

None of above 32.83 0.011 

Any of above 52.42  

Damage to houses   

No damage / Partially damaged 50.97 0.010 

Half or completely destroyed 59.97  

Relocation experience after the Great East Japan Earthquake   

Yes 55.08 0.134 

No 51.10  

Trusted information   

TV and radio: Trust 53.83 0.052 

TV and radio: Do not trust 49.39  

Newspapers: Trust 55.44 0.015 

Newspapers: Do not trust 49.82  

Central government: Trust 54.02 0.078 

Central government: Do not trust 50.07  

Direct information from researchers: Trust 52.05 0.975 

Direct information from researchers: Do not trust 51.98  
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Direct Information from friends: Trust 52.60 0.822 

Direct Information from friends: Do not trust 51.89  

On-line information from researchers: Trust 52.38 0.789 

On-line information from researchers: Do not trust 51.76  

On-line Information from others: Trust 46.33 0.149 

On-line Information from others: Do not trust 52.46  

Trust none of above 48.14 0.285 

Trust any of above 52.37  

e-health literacy   

High 54.89 0.034 

Low 50.01  

Frequency of searching for information on the Internet   

More than once a week 52.37 0.195 

Less than once a week 45.71  

Social network   

Strong 57.77 <0.001 

Weak 41.47  

Note: PTGI-X-J: Expanded Version of the Post-Traumatic Growth Inventory  424 
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Table 3. Mean, standard deviation (SD), and factor pattern matrix for COVID-19 425 
responses. 426 

Note: (R) represents a reverse item   427 

 
Mean (SD) Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

If an individual is infected, it is their 
own fault (R) 1.64 (1.06) 0.071 0.266 0.053 0.119 -0.060 

Have an interest in the COVID-19 
pandemic 2.81 (0.92) 0.282 -0.130 0.063 0.077 0.002 

Keep distance from foreigners when 
you see them (R) 1.40 (1.14) -0.084 0.502 0.096 0.067 -0.062 

Have actively tried to get involved in 
some way with people close to you 
when you could not see them in person 

2.19 (1.18) -0.126 -0.035 0.138 0.313 0.033 

Feel uncomfortable when you see out-
of-prefecture license plate numbers (R)   1.09 (1.16) -0.118 0.635 0.065 0.034 -0.036 

Have stocked up on masks (R)   1.26 (1.31) 0.004 0.580 -0.056 -0.082 0.093 

Have stocked up on toilet papers (R)   0.63 (0.94) 0.087 0.644 -0.051 0.020 0.067 
Felt like there was something you could 
do to help those in need due to COVID-
19 

1.76 (1.08) 0.010 -0.098 0.234 0.226 -0.017 

Think information regarding infected 
individuals should be disclosed (R) 1.79 (1.21) 0.021 0.361 0.012 -0.083 -0.067 

Have exercised to maintain health 
under the self-restraint 1.90 (1.31) 0.039 -0.008 -0.125 0.697 0.036 

Have engaged in some kind of activity 
to reduce stress during the self-restraint 2.10 (1.24) 0.017 0.090 -0.040 0.735 -0.037 

Feel that there will be a better future 
after the COVID-19 pandemic is over 2.35 (1.21) 0.033 0.017 -0.016 0.227 0.272 

Avoid closed spaces with poor 
ventilation  1.97 (0.85) 0.550 -0.050 0.177 0.083 -0.018 

Avoid close contact settings, such as 
close-range conversations 2.26 (0.91) 0.610 -0.029 0.072 0.007 0.025 

Avoid crowded places with many 
people nearby 1.85 (0.86) 0.920 0.022 -0.055 -0.056 0.040 

Avoid places where items 1–3 above 
overlap (3 Cs) 1.80 (0.83) 1.020 0.049 -0.109 -0.018 -0.040 

Do not go to mass gatherings 1.49 (0.77) 0.426 0.012 0.214 -0.050 -0.018 

Undertake frequent handwashing 1.62 (0.77) 0.131 0.019 0.558 0.059 -0.034 
Undertake cough etiquette (use 
handkerchiefs or sleeves instead of 
hands) 

2.01 (1.05) -0.083 0.034 0.566 -0.033 0.003 

Avoid going out when you have a cold 1.76 (0.88) 0.120 0.099 0.542 -0.013 0.040 

Prepare consultation and transportation 
methods for when you feel ill 2.68 (1.22) 0.050 -0.044 0.306 0.086 0.103 

Always wear a surgical-style mask 
when going out 1.18 (0.48) 0.112 -0.006 0.417 -0.128 -0.020 

Get sufficient rest and sleep  1.99 (1.03) 0.014 -0.010 -0.042 -0.002 0.764 

Eat a nutritious diet (R) 2.07 (0.96) -0.027 -0.018 0.078 -0.003 0.796 

Interpretation  3 Cs avoidance No exclusive 
behavior 

Basic infection 
control 

Taking care of 
oneself under 
self-restraint 

Getting enough 
rest and nutrition 
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Table 4. Regression coefficients of PTG (post-traumatic growth) for COVID-19 responses.  428 

Note: B: unstandardized regression coefficient; CI: confidential interval; β: standardized partial regression coefficient. Covariates include age, occupation, place of 429 
residence at the time of the Great East Japan Earthquake, earthquake and tsunami experience, trusted information (newspapers), e-Health literacy, and social network. 430 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 VIF  B (95%CI) β p B (95%CI) β p B (95%CI) β p B (95%CI) β p B (95%CI) β p 
PTG 0.009 (0.005 – 0.012) 0.231 <0.001 -0.005 (-0.008 – -0.002) -0.167 <0.001 0.012 (0.009 – 0.015) 0.364 <0.001 0.011 (0.008 – 0.013) 0.337 <0.001 0.011 (0.008 – 0.014) 0.324 <0.001 1.186 
Age (ref = younger) 
Older 0.121 (-0.065 – 0.308) 0.062 0.201 -0.016 (-0.179 – 0.146) -0.010 0.845 0.105 (-0.052 – 0.263) 0.062 0.190 -0.050 (-0.201 – 0.101) -0.029 0.516 0.048 (-0.117 – 0.212) 0.027 0.570 1.381 
Occupation (ref = student) 
Company employee -0.160 (-0.370 – 0.049) -0.082 0.133 -0.104 (-0.287 – 0.078) -0.063 0.262 0.009 (-0.168 – 0.186) 0.005 0.918 -0.142 (-0.312 – 0.027) -0.084 0.100 -0.028 (-0.213 – 0.156) -0.016 0.762 1.743 
Self-employed -0.421 (-1.136 – 0.293) -0.049 0.247 -0.032 (-0.655 – 0.590) -0.004 0.919 -0.438 (-1.043 – 0.166) -0.058 0.155 -0.049 (-0.627 – 0.530) -0.006 0.869 -0.411 (-1.041 – 0.219) -0.053 0.200 1.044 
Other -0.054 (-0.321 – 0.213) -0.020 0.690 -0.002 (-0.235 – 0.230) -0.001 0.984 0.018 (-0.207 – 0.244) 0.008 0.874 0.120 (-0.096 – 0.337) 0.052 0.274 0.080 (-0.155 – 0.315) 0.033 0.505 1.507 
Place of residence at the time of the Great East Japan Earthquake (ref = other) 
Fukushima -0.212 (-0.540 – 0.116) -0.108 0.204 -0.346 (-0.632 – -0.060) -0.208 0.018 -0.132 (-0.410 – 0.145) -0.077 0.350 -0.048 (-0.314 – 0.218) -0.028 0.723 -0.051 (-0.341 – 0.238) -0.029 0.727 4.276 
Miyagi and Iwate -0.401 (-0.731 – -0.070) -0.204 0.018 -0.217 (-0.505 – 0.071) -0.129 0.139 -0.236 (-0.515 – 0.044) -0.137 0.098 0.004 (-0.264 – 0.272) 0.002 0.975 -0.155 (-0.446 – 0.136) -0.087 0.296 4.291 
Disaster experience 
Earthquake (ref= no 
experience) 

0.017 (0.606 – 0.639) 0.002 0.959 -0.076 (-0.619 – 0.467) -0.012 0.323 -0.340 (-0.867 – 0.187) -0.054 0.206 -0.467 (-0.971 – 0.038) -0.074 0.070 -0.693 (-1.242 – -0.144) 0.068 0.013 1.066 

Tsunami (ref= no 
experience) 

0.381 (0.118 – 0.645) 0.121 0.005 -0.116 (-0.346 – 0.114) -0.043 0.323 0.112 (-0.111 – 0.335) 0.041 0.324 0.026 (-0.187 – 0.240) 0.010 0.808 0.194 (-0.039 – 0.426) 0.068 0.102 1.066 

Trusted information 
Newspapers (ref = do 
not trust) 

0.171 (0.006 – 0.337) 0.086 0.043 -0.141 (-0.286 – 0.003) -0.083 0.055 0.152 (0.012 – 0.292) 0.087 0.033 0.194 (0.059 – 0.328) 0.111 0.005 0.100 (-0.046 – 0.246) 0.055 0.179 1.045 

e-Health literacy (ref = low) 
High 0.130 (-0.037 – 0.296) 0.065 0.127 0.058 (-0.088 – 0.203) 0.034 0.435 0.118 (-0.023 – 0.259) 0.068 0.100 0.217 (0.082 – 0.352) 0.126 0.002 0.137 (-0.010 – 0.284) 0.076 0.068 1.069 
Social network (ref = weak) 

Strong -0.086 (-0.266 – 0.094) -0.042 0.347 0.056 (-0.101 – 0.213) 0.032 0.483 -0.055 (-0.207 – 0.098) -0.031 0.481 0.272 (0.126 – 0.418) 0.154 <0.001 0.109 (-0.049 – 0.268) 0.059 0.177 1.183 


