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Abstract: Face mask use is a critical behavior to prevent the spread of SARS-CoV-2. We aimed to 
evaluate the association between social integration and face mask use during the COVID-19 pan-
demic in a random sample of households in Utsunomiya City, Greater Tokyo, Japan. Data included 
645 adults in the Utsunomiya COVID-19 seROprevalence Neighborhood Association (U-CORONA) 
study, which was conducted after the first wave of the pandemic, between 14 June 2020 and 5 July 
2020, in Utsunomiya City. Social integration before the pandemic was assessed by counting the 
number of social roles, based on the Cohen’s social network index. Face mask use before and during 
the pandemic was assessed by questionnaire, and participants were categorized into consistent 
mask users, new users, and current non-users. Multinomial logistic regression analysis was used to 
examine the association between lower social integration score and face mask use. To account for 
possible differential non-response bias, non-response weights were used. Of the 645 participants, 
172 (26.7%) were consistent mask users and 460 (71.3%) were new users, while 13 (2.0%) were cur-
rent non-users. Lower social integration level was positively associated with non-users (RRR: 1.76, 
95% CI: 1.10, 2.82). Social integration may be important to promote face mask use. 
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1. Introduction 
Patients infected with SARS-CoV-2 can transmit the virus even when they are still in 

pre-symptomatic phase [1–3]. A prior study reported that pre-symptomatic transmission 
accounted for ≈50% of all SARS-CoV-2 transmissions [1–3]. Thus, the Centers for Disease 
Control and Prevention in the US recommends universal face mask use as one of the im-
portant public health measures to control the spread of SARS-CoV-2 in the community [1]. 
A systematic review and meta-analysis reported the benefit of face mask use, which was 
attributed primarily to the effect of source control by reducing secondary infection from 
infected people, in reducing the risk of SARS-CoV-2 transmission [4]. In spite of the reported 
benefit, the prevalence of face mask use in public places is still not at a universal level. A 
recent survey showed that the prevalence of face mask use was ≈80% in the US [5,6] and 
≈86% in Japan, although both the governments recommend face mask use in public [7]. 
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Prior studies in the US have reported that male, younger age, race/ethnicity (i.e., be-
ing white compared to being black or Hispanic), political party (i.e., being a Republican), 
and living in rural areas were risk factors for not wearing a face mask [6,8,9]. A qualitative 
research in the US also found that barriers included discomfort associated with the use, 
misinformation, perceived low susceptibility, and perceptions of autonomy [10]. Interest-
ingly, this study [10] and another one that was also conducted in the US [11] found that 
perceptions and the influence of people around them were one of the major determinants 
related to mask use. For example, the qualitative study reported that the major motivation 
for the use of face covering was protect or respect for other people [10]. Similarly, the other 
study reported that the perceived importance of others who wanted the study participants 
to wear a face covering was one of the major determinants of intention to wear a face 
covering [11]. Since the use of masks has different meanings in each culture, it is important 
to identify the characteristics of non-mask users in each culture in order to promote the 
use of masks, but studies examining the characteristics of mask non-users in Japan are 
lacking [12]. 

Social integration is defined as the degree to which an individual participates in var-
ious social relationships [13]. Following Durkheim’s pioneering study that examined the 
association between social integration and the prevalence of suicide, the social integration 
has been widely studied for its association with various health behaviors [13–17]. For ex-
ample, Cohen et al. reported that higher social integration was associated with reductions 
in smoking and drinking [18]. Mechanisms by which social integration influences the 
adoption of favorable health behaviors include (1) increased sense of responsibility to oth-
ers, (2) provision of multiple sources of information to influence health behaviors, and (3) 
provision of normative guidance from surrounding social networks [14–16]. However, the 
association between social integration and face mask use has been understudied. 

Given the reported association between race/ethnicity and mask use, Japan’s relative 
racial and ethnic homogeneity, together with the high prevalence of mask use, make it an 
ideal setting to clarify the characteristics of people by their mask use behavior and to test 
the hypothesis that social integration is associated with face mask use. Furthermore, a 
prior study [19] has shown that vaccine refusers form localized clusters that interact less 
with others in the population, and they may be difficult to approach. Since mask non-
users may form similar small clusters, it is necessary to use data from a random sample of 
population-based studies to identify small clusters of non-users and examine their char-
acteristics. Therefore, we have set up our research in Japan to (1) clarify the characteristics 
of people by their mask use behavior (non-mask hygiene behaviors, lifestyle behaviors, 
past medical history, occupational characteristics, and health characteristics as deter-
mined by blood sampling) and to (2) evaluate the association between social integration 
and face mask use in a random sample of households in Utsunomiya City in Tochigi Pre-
fecture, Greater Tokyo, Japan. 

2. Methods 
2.1. Sample 

Data originated from the Utsunomiya COVID-19 seROprevalence Neighborhood As-
sociation (U-CORONA) study, which was conducted between 14 June 2020 and 5 July 
2020 (after the first wave of the pandemic) in Utsunomiya City, Japan (Nawa et al., 2020). 
Invitations with a questionnaire attached were sent to 2290 people (1973 adults aged 18 
years or older; and 317 children aged below 18 years) in 1000 households randomly se-
lected from Utsunomiya City’s basic resident registry. A total of 649 adults and 104 chil-
dren provided a valid response with written informed consent (response rate: 32.9%). 
Only data of these 649 adult participants were included, and samples without data on 
mask use were excluded (n = 4), which resulted in an analytical sample of 645 participants. 
Biomarkers were also measured for the 623 participants who were able to be present for 
blood tests. 
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2.2. Measures 
2.2.1. Independent Variables 
Social Integration 

Social integration before the pandemic was assessed by counting the number of social 
roles if the respondent regularly interacted with at least one person within that role before 
or during the pandemic, respectively. Based on the Cohen’s Social Network Index, the 
following types of social roles were assessed: spouse, child, parent, relatives, neighbor, 
colleague, group member (e.g., clubs, gyms, lessons, religious organizations), school 
friend, and others. A higher score indicates a higher social integration [20]. 
Social Capital 

Individual-level social capital was measured using the following questions [21,22]: 
“Do you agree or disagree with the following statements? (1) People in your community 
can be trusted (social trust); (2) This community is close-knit (social ties); (3) People in 
your community are willing to help their neighbors (mutual aid) [21,22].” The responses 
were provided on a five-point Likert scale: 1 = strongly agree, 2 = somewhat agree, 3 = 
neither agree nor disagree, 4 = somewhat disagree, and 5 = strongly disagree. The inversed 
total score of the responses to these three questions was calculated and used as a social 
capital total score, with a higher score indicating higher social capital. 
Covariates 

Covariates included age, sex, education, household income, employment status, res-
idential district, psychological distress, smoking, past medical history of asthma or other 
respiratory diseases, and social network size. These variables were used as categorical 
variables, except for age and social network size, which were used as continuous variables 
(Table 1). Information on age, sex, education, household income, employment status, psy-
chological distress, smoking, and past medical history of asthma or other respiratory dis-
eases was obtained by the questionnaire, while information on residential district was 
based on the basic resident registry. 

Table 1. Demographic characteristics of study participants by mask use behavior (n = 645). 

Variable  

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 

13) 
p-Value 

N (%)  
or Mean (SD) 

N (%) 
or Mean (SD) 

N (%) 
or Mean (SD) 

 

Age  
(in years) 

Mean (SD) 50.9 (18.0) 52.1 (16.6) 54.4 (18.8) 0.649 

Sex Male 62 (36.1) 231 (50.2) 11 (84.6) <0.001 
 Female 110 (64.0) 229 (49.8) 2 (15.4) 

BMI Mean (SD) 22.7 (3.1) 23.5 (3.9) 22.7 (3.7) 0.047 
Residential district Center 71 (41.3) 166 (36.1) 7 (53.9) 

0.478  East 69 (40.1) 188 (40.9) 4 (30.8) 
 South 32 (18.6) 106 (23.0) 2 (15.4) 

Number of 
cohabitants 

1 26 (15.1) 51 (11.1) 2 (15.4) 
0.185 

 2 64 (37.2) 140 (30.4) 4 (30.8) 
 ≥3 82 (47.7) 269 (58.5) 7 (53.9) 

Education High school or less 73 (42.4) 173 (37.6) 7 (53.9) 

0.245  Some college 38 (22.1) 108 (23.5) 1 (7.7) 
 College or more 55 (32.0) 167 (36.3) 4 (30.8) 
 Others 3 (1.7) 1 (0.2) 0 (0.0) 
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 Missing 3 (1.7) 11 (2.4) 1 (7.7) 
Annual household 

income (yen) 
<3 million 42 (24.4) 91 (19.8) 5 (38.5) 

0.417 
 3–6 million 48 (27.9) 128 (27.8) 4 (30.8) 
 6–10 million 50 (29.1) 125 (27.2) 1 (7.7) 
 ≥10 million 18 (10.5) 58 (12.6) 1 (7.7) 
 unknown/missing 14 (8.1) 58 (12.6) 2 (15.4) 

Psychological 
distress Yes (K6: 5 + ) 60 (34.9) 109 (23.7) 3 (23.1) 

<0.001  No (K6: <5) 111 (64.5) 341 (74.1) 8 (61.5) 
 Missing 1 (0.6) 10 (2.2) 2 (15.4) 

Social integration Mean (SD) 4.1 (1.7) 4.0 (1.7) 2.6 (1.2) 0.011 
Social network size Mean (SD) 25.1 (44.5) 22.8 (39.5) 26.2 (32.4) 0.802 

Social capital 
score Mean (SD) 2.3 (0.8) 2.4 (0.8) 2.0 (1.2) 0.183 

Bold indicates p < 0.05. 

Psychological distress was assessed by K6, a six-item scale used to screen for psycho-
logical distress, scoring from 0 to 24 with higher scores indicating more frequent psycho-
logical distress [23,24]. The Japanese version of the K6 was used in this study [23,24]. 

Social network size before the pandemic was measured using the question: “How 
many people do you usually meet or talk to?” The self-reported number of people for each 
item was used as the social network size before the pandemic. 
Biomarkers 

Blood samples were taken at the study site, and the levels of aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), low-density lipoprotein cholesterol (LDL-
C), high-density lipoprotein cholesterol (HDL-C), and high-sensitivity C-reactive protein 
(CRP) were measured by a commercial laboratory (SRL, Inc., Tokyo, Japan). The detection 
limit of CRP measurement was 0.05 mg/L. If the value was lower than 0.05 mg/L, the result 
“less than 0.05 mg/L” was returned, resulting in the value being unavailable. Therefore, 
the result of less than 0.05 mg/L was treated as 0.05 mg/L. Neutrophil and lymphocyte 
counts were measured using the automatic hematology analyzer Sysmex XN-1000 (Sys-
mex Corporation, Kobe, Japan). The neutrophil-to-lymphocyte ratio (NLR) was calculated 
by dividing neutrophil counts by lymphocyte counts, and log-transformed values were 
used to approximate a normal distribution. 

2.2.2. Dependent Variables 
Mask Use 

Mask use before and during the pandemic was assessed by questionnaire. Then, par-
ticipants were categorized into three groups: consistent mask users (i.e., people who used 
masks both before and during the pandemic), new users (i.e., those who did not use masks 
before the pandemic but used them during the pandemic), current non-users (i.e., those 
who did not use masks during the pandemic, including those who did not use them both 
before and during the pandemic and those who used them before the pandemic but not 
during the pandemic). 

2.3. Analysis 
Multinomial logistic regression analysis was used to examine the relative risk ratio 

of being assigned to certain categories of mask use by a one-unit change in social integra-
tion score. The model was adjusted for age, sex, education, household income, employ-
ment status, residential district, psychological distress, smoking, past medical history of 
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asthma or other respiratory diseases, and social network size before the pandemic. Fur-
thermore, we also assessed an association between social capital and mask use by using 
multinomial logistic regression analysis. To account for possible differential non-response 
bias, we first estimated individual response probabilities using logistic regression with 
baseline data from the registry, including age, sex, distance to the clinic where the survey 
was conducted, residential district, and number of cohabitants of participants and non-
participants. Then, non-response weights were calculated as the inverse of the predicted 
response probabilities and applied to multinomial logistic regression models. 

To handle missing values on covariates, multiple imputation was used. Fifty imputed 
datasets were created. The results of the analyses using all the imputed datasets were 
combined using Rubin’s rules for multiple imputation (Rubin, 1987; Sterne et al., 2009). 
All analyses were conducted using STATA 14 (StataCorp LP, College Station, TX, USA). 

3. Result 
3.1. Demographic Characteristics of Study Participants by Mask Use Behavior 

Of the 645 participants in the random sample of households in Utsunomiya City, we 
have identified 13 (2.0%) current non-users, including 11 who did not use them both be-
fore and during the pandemic and two who used them before the pandemic but not dur-
ing. A total of 172 (26.7%) were consistent mask users and 460 (71.3%) were new users. 

Table 1 displays the demographic characteristics of study participants by mask use 
behavior. About 36% of consistent mask users were male, while ≈50% of new users and 
≈85% of current non-users were male. About 35% of consistent mask users had a psycho-
logical distress level of 5 or higher on the K6 scale, while ≈24% of new users and 23% of 
non-users had a psychological distress level of 5 or higher. The social integration level of 
current non-users was lower than that of consistent mask users and new users. 

3.2. The Other Characteristics of People by Mask Use Behavior 
Table 2 shows the average frequency of use of hygiene measures per day in a typical 

2-week period before the pandemic by the type of mask use. Overall, hygiene measures 
such as hand washing, hand sanitizer use, and gargling were also more common in con-
sistent mask users before the pandemic. 

Table 2. Average frequency of use of hygiene measures per day in a typical 2-week period before the pandemic by mask 
use behavior (n = 645). 

Variable  

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 13) 

p-Value 

N (%) N (%) N (%)  
Washing hand 
(times per day) 

0 3 (1.7) 15 (3.3) 1 (7.7) 

0.001 
 1–3 36 (20.9) 169 (36.7) 3 (23.1) 
 4–6 54 (31.4) 121 (26.3) 5 (38.5) 
 7–9 20 (11.6) 63 (13.7) 1 (7.7) 
 ≥10 59 (34.3) 92 (20.0) 3 (23.1) 
 Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Hand sanitizer (times 
per day) 

0 66 (38.4) 344 (74.8) 8 (61.5) 

<0.001  1 14 (8.1) 42 (9.1) 2 (15.4) 
 2–3 34 (19.8) 43 (9.4) 1 (7.7) 
 ≥4 58 (33.7) 29 (6.3) 2 (15.4) 
 Missing 0 (0.0) 2 (0.4) 0 (0.0) 

Gargling 
(times per day) 

0 25 (14.5) 121 (26.3) 4 (30.8) 

0.011 
 1 36 (20.9) 120 (26.1) 2 (15.4) 
 2–3 77 (44.8) 149 (32.4) 5 (38.5) 
 ≥4 34 (19.8) 70 (15.2) 2 (15.4) 
 Missing 0 (0.0) 0 (0.0) 0 (0.0) 

Bold indicates p < 0.05. 
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Table 3 displays the distribution of lifestyle behaviors before the pandemic by the 
type of mask use. About 11% of consistent mask users drank alcohol at least once a day, 
while ≈23% of new users and ≈31% of current non-users drank alcohol before the pan-
demic. Overall, consistent mask users slept less on both weekdays and weekends than 
new users and current non-users. 

Table 3. Distribution of lifestyle behaviors before the pandemic by mask use behavior (n = 645). 

Variable  

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 13) 

p-Value 

N (%) N (%) N (%)  
Frequency of 

Drinking alcohol Never 71 (41.3) 148 (32.2) 6 (46.2) 

0.036 
 little 25 (14.5) 57 (12.4) 1 (7.7) 
 ≥1 per month 22 (12.8) 38 (8.3) 0 (0.0) 
 ≥1 per week 33 (19.2) 105 (22.8) 2 (15.4) 
 ≥1 per day 19 (11.1) 107 (23.3) 4 (30.8) 
 Missing 2 (1.2) 5 (1.1) 0 (0.0) 

Smoking 
tobacco 

Yes 17 (9.9) 59 (12.8) 4 (30.8) 
0.174  No or quitted 153 (89.0) 390 (84.8) 9 (69.2) 

 Missing 2 (1.2) 11 (2.4) 0 (0.0) 
Physical activity 

per week 
(days) 

0 75 (43.6) 204 (44.4) 6 (46.2) 

0.132  1–4 72 (41.9) 185 (40.2) 4 (30.8) 
 5–7 25 (14.5) 67 (14.6) 2 (15.4) 
 Missing 0 (0.0) 4 (0.9) 1 (7.7) 

Sleep duration 
on weekdays 

(hours) 
<6 57 (33.1) 113 (24.6) 1 (7.7) 

0.001  6–8 111 (64.5) 320 (69.6) 9 (69.2) 
 8–10 3 (1.7) 24 (5.2) 2 (15.4) 
 ≥10 1 (0.6) 0 (0.0) 0 (0.0) 
 Missing 0 (0.0) 3 (0.7) 1 (7.7) 

Sleep duration 
on weekend 

(hours) 
<6 30 (17.4) 58 (12.6) 0 (0.0) 

0.013  6–8 115 (66.9) 337 (73.3) 8 (61.5) 
 8–10 23 (13.4) 58 (12.6) 4 (30.8) 
 ≥10 3 (1.7) 5 (1.1) 0 (0.0) 
 Missing 1 (0.6) 2 (0.4) 1 (7.7) 

Bold indicates p < 0.05. 

Table 4 shows the distribution of past medical history by the type of mask use. Over-
all, there was no difference in past medical history by type of mask use; however, the 
difference was observed in asthma or other respiratory diseases. About 13% of consistent 
mask users and ≈8% of new users had past medical history of asthma or other respiratory 
diseases, while ≈23% of current non-users had past medical history of asthma or other 
respiratory diseases. 
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Table 4. Distribution of past medical history by mask use behavior (n = 645). 

Variable  

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 13) 

p-Value 

N (%) N (%) N (%)  
Allergic diseases Yes 71 (41.3) 168 (36.5) 3 (23.1) 0.303 

 No 101 (58.7) 292 (63.5) 10 (76.9) 
Asthma or other respiratory 

diseases 
Yes 23 (13.4) 38 (8.3) 3 (23.1) 

0.044 
 No  149 (86.6) 422 (91.7) 10 (76.9) 

Cardiac diseases Yes 7 (4.1) 18 (3.9) 1 (7.7) 
0.791 

 No  165 (95.9) 442 (96.1) 12 (92.3) 
Kidney 
diseases 

Yes 4 (2.3) 7 (1.5) 1 (7.7) 
0.233 

 No  168 (97.7) 453 (98.5) 12 (92.3) 
Immune diseases Yes 5 (2.9) 7 (1.5) 0 (0.0) 

0.457 
 No  167 (97.1) 453 (98.5) 13 (100.0) 

Diabetes mellitus Yes 14 (8.1) 40 (8.7) 2 (15.4) 
0.670 

 No  158 (91.9) 420 (91.3) 11 (84.6) 
Malignant diseases Yes 8 (4.7) 17 (3.7) 2 (15.4) 

0.109 
 No  164 (95.4) 443 (96.3) 11 (84.6) 

Arthritis Yes 11 (6.4) 14 (3.0) 0 (0.0) 
0.116 

 No  161 (93.6) 446 (97.0) 13 (100.0) 
Gastrointestinal diseases Yes 14 (8.1) 38 (8.3) 3 (23.1) 

0.165 
 No  158 (91.9) 422 (91.7) 10 (76.9) 

Mental diseases Yes 6 (3.5) 19 (4.1) 0 (0.0) 
0.714 

 No  166 (96.5) 441 (95.9) 13 (100.0) 
Alcohol and drug abuse Yes 1 (0.6) 0 (0.0) 0 (0.0) 

0.252 
 No  171 (99.4) 460 (100.0) 13 (100.0) 

Tuberculosis Yes 2 (1.2) 6 (1.3) 1 (7.7) 
0.146 

 No  170 (98.8) 454 (98.7) 12 (92.3) 
Bold indicates p < 0.05. 

Table 5 presents the distribution of work-related characteristics by the type of mask 
use. About 64% of consistent mask users were employed, while 58% of new users and 
≈39% of current non-users were employed. Current non-users were characterized by a 
relatively high percentage of self-employed (≈23%) and not-working (≈39%). 

Table 5. Distribution of work-related characteristics by mask use behavior (n = 645). 

Variable  

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 13) 

p-Value 

N (%) N (%) N (%)  
Employment Employed 110 (64.0) 266 (57.8) 5 (38.5) 

0.039 
 Self-employed 13 (7.6) 36 (7.8) 3 (23.1) 
 Not working 21 (12.2) 72 (15.7) 5 (38.5) 
 Housemakers 28 (16.3) 79 (17.2) 0 (0.0) 
 Missing 0 (0.0) 7 (1.5) 0 (0.0) 

Bold indicates p < 0.05. 

In Table 6, we examined the difference in work-related characteristics by the type of 
mask uses among 433 participants who were employed or self-employed, after excluding 
those who were not working, were housemakers, and whose employment status was 
missing. The category with the largest percentage (accounting for 40–50% of both con-
sistent mask users and new users) was the category with a workplace size of 5–99 people, 
while the category with 1–4 people was the most common category for non-users, ac-
counting for about 40%. 
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Table 6. Distribution of workplace size and job types by mask use behavior among workers (n = 433) a. 

Variable  

Consistent  
Mask Users  

(n = 123) 

New  
Users 

(n = 302) 

Current  
Non-Users (n = 8) 

p-Value 

N (%) N (%) N (%)  
Workplace Size 

(number of people 
in the workplace) 

1–4 18 (14.6) 39 (12.9) 3 (37.5) 

0.034 

 5–99 62 (50.4) 122 (40.4) 1 (12.5) 
 100–499 14 (11.4) 51 (16.9) 2 (25.0) 
 ≥500 26 (21.1) 60 (19.9) 1 (12.5) 

 
Government offices 

(including local 
government) 

1 (0.8) 20 (6.6) 0 (0.0) 

 Missing 2 (1.6) 10 (3.3) 1 (12.5) 
Job types Management 11 (8.9) 37 (12.3) 0 (0.0) 

0.220 

 Professional work 29 (23.6) 60 (19.9) 0 (0.0) 
 Office work 19 (15.5) 43 (14.2) 0 (0.0) 
 Service and sales 18 (14.6) 38 (12.6) 1 (12.5) 
 Others 27 (22.0) 80 (26.5) 3 (37.5) 
 Missing 19 (15.5) 44 (14.6) 4 (50.0) 

a Those who were not working, were housemakers, and those whose employment status was missing were excluded. Bold 
indicates p < 0.05. 

Table 7 displays the health characteristics as determined by blood sampling by the 
type of mask use. Current non-users had higher AST values than consistent mask users 
and new users (AST in consistent mask users: 21.7; AST in new users: 22.8; AST in current 
non-users 50.3, p < 0.001). Similarly, current non-users had higher ALT values than con-
sistent mask users and new users (ALT in consistent mask users: 19.4; ALT in new users: 
22.3; ALT in current non-users 36.1, p = 0.008). There were no differences in LDL-C, HDL-
C, CRP, or NLR by type of mask use. 

Table 7. The health characteristics as determined by blood sampling by mask use behavior (n = 623) a. 

Variable 

Consistent  
Mask Users  

(n = 166) 

New  
Users 

(n = 446) 

Current  
Non-Users (n = 11) 

p-Value 

N (%) N (%) N (%)  
AST 21.7 (9.5) 22.8 (11.8) 50.3 (62.3) <0.001 
ALT 19.4 (11.8) 22.3 (20.2) 36.1 (27.0) 0.008 

LDL-C 116.9 (30.9) 113.9 (27.4) 108.5 (27.7) 0.399 
HDL-C 62.1 (14.4) 60.9 (16.1) 59.7 (12.1) 0.661 

NLR 0.54 (0.41) 0.52 (0.41) 0.34 (0.35) 0.414 
CRP 1.07 (3.33) 0.87 (1.96) 1.14 (1.29) 0.627 

a Participants with missing values in blood test results (n = 22) were excluded. AST, aspartate aminotransferase; ALT, 
alanine aminotransferase; LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; NLR, 
neutrophil-to-lymphocyte ratio; CRP, C-reactive protein. NLR was log-transformed to approximate a normal distribution. 
Bold indicates p < 0.05. 

3.3. Associations between Social Integration and Mask Use 
Table 8 shows the weighted associations between social integration and mask use. 

Lower social integration was associated with a risk of being concurrent non-users (relative 
risk ratio (RRR): 1.73, 95% confidence interval (CI): 1.16, 2.57) before covariate adjustment. 
After covariate adjustment, lower social integration was still associated with the risk of 
being concurrent non-users (RRR: 1.76, 95% CI: 1.10, 2.82). 
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Table 8. Weighted associations between lower social integration and mask use behavior in the imputed dataset (n = 645). 

 

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 13) 

RRR  
(95% CI) 

 
Reference 

RRR  
(95% CI) 

Crude model a    

Low social integration 
0.97 

(0.88, 1.08) 
1.00 

(Reference) 
1.73 

(1.16, 2.57) 
Adjusted model a,b    

Low social integration 1.00 
(0.90, 1.12) 

1.00 
(Reference) 

1.76 
(1.10, 2.82) 

a Social integration score was reversed so that the effect of a one-unit increase can be interpreted as the effect of a one-point 
decrease. b Adjusted for age, sex, education, household income, employment status, residential district, psychological dis-
tress, smoking, past medical history of asthma or other respiratory diseases and social network size, using a multinomial 
logistic regression. Bold indicates p < 0.05. RRR, relative risk ratio. 

Table 9 presents the weighted associations between lower social capital and mask 
use. Lower social capital was associated with a risk of being concurrent non-users (RRR: 
1.97, 95% CI: 0.85, 4.58) before covariate adjustment, although not reaching statistical sig-
nificance. After covariate adjustment, lower social capital was marginally associated with 
a risk of being concurrent non-users (RRR: 2.60, 95% CI: 0.98, 6.90). 

Table 9. Weighted associations between lower social capital and mask use behavior in imputed dataset (n = 645). 

Heading 

Consistent  
Mask Users  

(n = 172) 

New  
Users 

(n = 460) 

Current  
Non-Users (n = 13) 

RRR 
(95% CI) 

 
Reference 

RRR 
(95% CI) 

Crude model    

Low social capital score a 1.08 
(0.86, 1.36) 

1.00 
(Reference) 

1.97 
(0.85, 4.58) 

Adjusted model b    

Low social capital score a 
1.02 

(0.79, 1.32) 
1.00 

(Reference) 
2.60 

(0.98, 6.90) 
a Social capital score was reversed and scaled so that the effect of a one-unit increase can be interpreted as the effect of a 
one interquartile range (IQR) decrease. b Adjusted for age, sex, education, household income, employment status, residen-
tial district, psychological distress, smoking, past medical history of asthma or other respiratory diseases, using a multi-
nomial logistic regression. Bold indicates p < 0.05. RRR, relative risk ratio. 

4. Discussion 
In this study, we identified 13 (2.0%) current non-users, 172 (26.7%) consistent mask 

users, and 460 (71.3%) new users of masks. We also found that mask non-users were more 
likely to be male, self-employed, or not currently working with less psychological distress, 
less use of other hygiene measures, and more respiratory diseases (including asthma) but 
with a slightly altered liver function. Furthermore, we found that lower social integration 
was associated with the risk of being current non-users, after covariate adjustment. 

Prior studies in the US have reported that male, younger age, being white, being a 
Republican in the US, and living in rural areas are risk factors for not wearing a mask 
[6,8,9]. Interestingly, other studies reported that major determinants of mask use and its 
proxy included perceptions and the influence of people around them, such as protection 
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of or respect for other people [10], perceived importance of others who wanted the study 
participants to wear a face covering [11], and perceived norm in favor of mask use [25]. 

However, despite the social integration having been widely studied for its associa-
tion with various health behaviors [13–16,18], the association between social integration 
and mask use has been not been sufficiently studied. 

Previous studies have proposed several mechanisms by which social integration may 
affect the adoption of favorable health behaviors [14–16]. They include an increased sense 
of responsibility to others, provision of multiple sources of information to influence health 
behaviors, and provision of normative guidance from the surrounding social networks. 
In the case of mask wearing, since the benefits of masks come primary from reducing 
secondary infections from infected people, an increased sense of responsibility could be 
related to not transmitting the virus to others by wearing a mask. Furthermore, due to the 
relatively low prevalence of SARS-CoV-2 infection in Japan [26], people who are infected 
with the disease are often the focus of attention and are sometimes blamed [27,28]. This is 
more pronounced in areas with fewer infections. It has been reported that personal infor-
mation, including details of the person’s behavior before and after infection and infor-
mation on his/her workplaces, etc., was spread on the internet, leading to protest calls to 
workplaces [27,28]. Thus, some people with high social integration may be wearing masks 
so as not to bring about trouble to their friends and colleagues. 

A social network study on polio vaccine hesitancy in India reported that households 
that refused vaccination had fewer outgoing social ties than households that accepted vac-
cination [19]. Using social network analysis, Christakis et al. reported that smoking and 
obesity may spread through social networks that surround people, and that the spread of 
people’s perceptions of social norms regarding the acceptability of smoking or obesity 
may contribute to the spread of smoking and obesity [29,30]. Thus, people with higher 
level of social integration may have similarly obtained multiple sources of information 
and normative guidance from the surrounding social networks [14–16], leading to mask-
wearing behavior. 

In this study, we found that the characteristics of mask non-users included male, self-
employed, or not currently working with more respiratory diseases (including asthma) 
and slightly altered liver function. However, the detailed reasons for not using masks for 
non-mask users are unknown. We postulate that the reasons may include: (1) they had 
heard about the benefits of masks but did not trust the information, (2) they had heard 
about the benefits of masks but could not understand the information, (3) they received 
inaccurate (and often non-science-based) information that masks were not necessary and 
hence did not wear them accordingly, and (4) they did not know about the need for masks 
at all [31]. Since the measures to encourage non-mask users to wear masks vary depending 
on the reasons for not using masks, future research needs to clarify the reasons why they 
do not use masks. 

In this study, we also found that lower social capital was marginally associated with 
the risk of being concurrent non-users. Coleman defined social capital as the resources 
available to the people in a community [32]. Our result may indicate that not only social 
integration but also social trust, which may be gained through social integration, is im-
portant [13]. 

This study has several limitations. First, the participation rate was low. Those who 
did not participate in this study might have lower social integration and use masks less 
frequently. This selection bias may have underestimated the association between low so-
cial integration and non-use of masks. To address this bias, non-response weights were 
calculated as the inverse of the predicted response probabilities and applied to multino-
mial logistic regression models. Second, the reason why non-mask users do not use masks 
may vary; thus, some participants may have specific reasons that are not related to social 
integration. Third, since the respondents were asked to self-report their current mask use, 
it is possible that those with high social integration were more likely to answer that they 
use masks because of social desirability bias. On the other hand, those with low social 
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integration were less influenced by the social norm of using masks. Thus, they may have 
been less affected by social desirability bias and were less likely to answer that they use 
masks. This may have led to an overestimation of the relationship between low social in-
tegration and non-use of masks. Finally, because social integration before the SARS-CoV-
2 pandemic was asked by recall, there may have been a measurement error in social inte-
gration, and the relationship between low social integration and non-use of masks may 
have been underestimated. 

Nonetheless, our study has implications for public health. The government currently 
encourages the public to use face masks through information and messages from govern-
ment websites, newspapers, and television news programs [1,7]. However, given our find-
ing that people who do not use masks are less socially integrated, current approaches may 
not be effective in promoting mask use among non-mask users. It is important to change the 
behavior of non-mask users in order to achieve a universal level of mask use and contain 
the further spread of the infection [4]. Thus, social integration policy may be needed to pro-
mote mask use, which is an important measure to prevent the spread of SARS-CoV-2. 

5. Conclusions 
In conclusion, we found that lower social integration level was associated with the 

risk of being a current face mask non-user. Further research is needed to promote the use 
of masks, especially among those who do not use masks. 
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