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Supplementary Methods  

Details of participant recruitment 
This study was originally planned in 2019 and later extended to examine the psychiatric impact of COVID-

19. The purpose of the original study in 2019 was to investigate the relationship between smartphone 

addiction and multiple psychiatric states. We relied on Macromill, INC. (https://monitor.macromill.com/), 

the largest online research company in Japan for participant recruitment. This company maintains a 

participant pool of about 1.2 million individuals in Japan. Among this participant pool, 99,156 randomly 

chosen individuals, aged 18 and above, living in the Kansai region of Japan, were invited via e-mail to 

participate in screening for the original study before the COVID-19 pandemic. Our invitation e-mail for the 

survey contained information about informed consent. The completion of the entire questionnaire was 

considered to indicate participant consent. 5,955 respondents passed the screening and were recruited, such 

that the population included equal ratios of individuals belonging to each quintile in the problematic 

smartphone survey. Participants received points that could be redeemed as money after completing the 

survey. In response to the COVID-19 pandemic, individuals from this survey were invited to participate in 

follow-up surveys that took place in August 2020 (T1), December 2020 (T2), and April 2021 (T3). People 

who responded to only the baseline survey numbered 1,647. 

The strategy for determining the timing of acquisition was to acquire data near the peaks of the 

second and third waves when the spread of infection became particularly pronounced. Because this interval 

between T1 and T2 was four months, we decided to acquire data every four months thereafter to keep a 

constant sampling rate. Coincidentally, the data acquisition period of T2 and T3 by overlapped with the peaks 

of the fourth and fifth waves of the pandemic. Therefore, we could compare psychiatric states around the 

peaks of each wave (first to fourth) of the pandemic while keeping the sampling rate constant. 

 

Participants exclusion criteria 

We excluded 326 individuals because of inconsistencies or contradictions in their answers, such as, 

sleep time was the same as wake-up time, gender inconsistencies from survey to survey, contradictions in 

regard to drinking in the Alcohol Use Disorders Identification Test (AUDIT) (e.g., A participant answered 

“Never” in 1st question “How often do you have a drink containing alcohol?”, but answered “3 or 4” or more 

in the second question, “How many drinks containing alcohol do you have on a typical day when you are 

drinking?” An additional 419 individuals were excluded because they responded identically to all items, 

using only the maximum or minimum values in the questionnaires, including reversed questions (i.e., in CES-

D, STAI-Y, AQ). 

 

Details of the questionnaires 

Major depression disorder was measured using the Center for Epidemiologic Studies Depression 

Scale (CES-D), internal consistency of 0.85 in the original version1. Construct validity has been confirmed 

with Hamilton Clinician’s Rating scale (r = 0.44) and the Raskin Rating scale(r = 0.54)1. Its reliability and 

validity have been confirmed in Japanese (Cronbach’s α = 0.80)2. General anxiety was measured with the 

State-Trait anxiety scale (STAI)3, which has a Cronbach’s alpha of 0.86 to 0.95 in the original study. 

Reliability and validity have been confirmed in Japanese (Cronbach’s α = 0.92)4. Social anxiety was 

measured using the Liebowitz Social Anxiety Scale (LSAS-fear/avoid)5, a Cronbach’s alpha of 0.95 in the 

original version. Construct validity has been confirmed with Safren’s four-factor model in the original 

version5 and Social Avoidance and Distress Scale and Professional Diagnosis in the Japanese version6. 

Obsessive-compulsive disorder was measured using the Obsessive-Compulsive Inventory (OCI), a 

Cronbach’s alpha of 0.86 to 0.95 in the original version7 and 0.96 in the Japanese version8. Construct validity 

has been confirmed with Yale-Brown Obsessive Compulsive Scale, Compulsive Activity Checklist, and 

Maudslay Obsessive-Compulsive Inventory in the original version and Maudsley Obsessive-Compulsive 

Inventory (r = 0.74), STAI (r = 0.41), and CES-D (r = 0.48) in the Japanese version8. Alcohol dependence 

was measured using the Alcohol Use Disorders Identification Test (AUDIT), a Cronbach’s alpha of 0.65-

0.93 in the original version9. Its reliability and validity have been confirmed in Japanese (Cronbach’s α = 

0.81, construct validity was confirmed using a structured interview10. Internet-related problems were 

measured using the Compulsive Internet Use Scale (CIUS), a Cronbach’s alpha of 0.8911 in the original 

version and more than 0.9 in the Japanese version12. Construct validity has been confirmed by the strong 

positive correlation with the Online Cognition Scale (r = 0.70, p < 0.001) and the amount of time spent online 

(r = 0.33, p < 0.001) in the original version and POSI, MR, DSR, NO, K6 and UCLA Loneliness in the 
Japanese version. Autism Spectrum Disorder (ASD) was measured using the Autism-Spectrum Quotient 

(AQ), a Cronbach’s alpha of 0.63~0.77 in the original version13 and internal consistency of 0.81 in the 
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Japanese version14. Construct validity has been confirmed with professional diagnosis based on DSM-Ⅳ (r 

= 0.58) and the experience of exposure to social adaptation problems (r = 0.92) in the Japanese version14. 

Adult attention-deficit/hyperactivity disorder (ADHD) was measured using the Adult ADHD Self-Report 

Scale (ASRS)15, a Cronbach’s alpha of 0.88 to 0.89 in the original version16, 0.83 in the Japanese version17. 

Construct validity has been confirmed by the Japanese version of the Conners’ Adult ADHD Rating Scales-

Self Report and Beck Depression Inventory-Ⅱ in the Japanese version17. These psychiatric disorders affect 

Internet-related problems18–23.  

For the original study, we assessed other scales and excluded them from the analysis to reduce 

redundancies in the variables. STAI-Y-trait, Internet gaming disorder (IGDS), and Internet addiction test 

(IAT) were also assessed for the original study purpose. In this study, these scores were excluded from the 

analysis to reduce redundancies in the variables: STAI-Y-trait was excluded because we measured the STAI-

Y-state. IGDS-J and IAT were excluded because we measured the CIUS. 

 

Model specification of generalized linear model regression 

 

model1: ΔPC1(T1-T0) = Intercept + PC1(T0) + PC2 (T0) + PC3 (T0) + PC4 (T0) + sex + age + marital 
status + age of youngest child in household + number of cohabitants + household income + employment 

status + the status of COVID-19 infection + changes in the amount of face-to-face communication with family 

from T0 to T1 + changes in the amount of online communication with family from T0 to T1 + number of 
received government compensation payments + impact of income because of the pandemic 

 

model2: ΔPC2(T3-T0) = Intercept + PC1(T0) + PC2 (T0) + PC3 (T0) + PC4 (T0) + sex + age + marital 
status + age of youngest child in household + number of cohabitants + household income + employment 

status + the status of COVID-19 infection + changes in the amount of face-to-face communication with family 
from T0 to T3 + changes in the amount of online communication with family from T0- to T3 + number of 

received government compensation payments + impact of income because of the pandemic 

 
model3: ΔPC4(T1-T0) = Intercept + PC1(T0) + PC2 (T0) + PC3 (T0) + PC4 (T0) + sex + age + marital 

status + age of youngest child in household + number of cohabitants + household income + employment 

status + the status of COVID-19 infection + changes in the amount of face-to-face communication with family 

from T0 to T1 + changes in the amount of online communication with family from T0 to T1 + number of 

received government compensation payments + impact of income because of the pandemic 

 

 

Supplementary analysis 

This analysis was recalculated from data for each condition in sex and age to clarify the robusticity of the 

data structure for inter-conditions. The results are shown in Supplementary Figure 5 ~ 7. 
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Supplementary Table 1 A list of COVID-19 pandemic related questions 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

  



4 

Supplementary Table 2 Characteristics of the survey population (N = 3935) 

 
 

 
Supplementary Figure 1 Correlation matrices for changes in scores of psychiatric disorders over time 

MDD: major depressive disorder as measured with the CES-D; GA: general anxiety as measured with the 

STAI-Y;  SAD-F: fear aspects of social anxiety disorder as measured using the LSAS-F; SAD-A: avoidance 

aspects of social anxiety disorder as measured with the LSAS-A; OCD: obsessive-compulsive disorder as 

measured with the OCI; Alcohol: alcohol-related problems as measured using the AUDIT; Internet: internet-

related problems as measured with the CIUS; ASD: autism as measured using the AQ; ADHD: attention 

deficit and hyperactivity disorders as measured using the ASRS. 
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Supplementary Table 3 p values of each psychiatric exacerbation 

 
MDD: major depressive disorder as measured with the CES-D; GA: general anxiety as measured using the 

STAI-Y;  SAD-F: fear aspects of social anxiety disorder as measured with the LSAS-F; SAD-A: avoidance 

aspects of social anxiety disorder as measured with the LSAS-A; OCD: obsessive-compulsive disorder as 

measured using the OCI; Alcohol: alcohol-related problems as measured with AUDIT; Internet: internet-

related problems as measured using the CIUS; ASD: autism as measured with the AQ; ADHD: attention 

deficit and hyperactivity disorders as measured using the ASRS. Tx-Tx represents the difference between 

two-time points. P values were adjusted by Bonferroni correction. 

 
Supplementary Figure 2 Trajectories of each psychiatric score in the survey population (N = 3935) 

The blue area under the curve represents a 15-day moving average of daily new cases of COVID-19 per 100 

000 Japanese residents. 

GA: general anxiety as measured with the STAI-Y; SAD-A: avoidance aspects of social anxiety disorder as 

measured using the LSAS-A; Internet: internet-related problems as measured using the CIUS; ASD: autism 

as measured with the AQ; SAD-F: fear aspects of social anxiety disorder as measured using the LSAS-F; 

OCD: obsessive-compulsive disorder as measured with the OCI; ADHD: attention deficit and hyperactivity 

disorders as measured with the ASRS; Alcohol: alcohol-related problems as measured using the AUDIT; 

MDD: major depressive disorder as measured with the CES-D. 
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Supplementary Table 4 Characteristics of the study population and each PC loading in the study population 

(N = 2274) 

 
PC1: Principal component 1; PC2: Principal component 2; PC3: Principal component 3; PC4: Principal 

component 4. 
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Supplementary Table 5 Characteristics of the study population and each PC loading in the survey 

population (N = 3935) 

 

 
PC1: Principal component 1; PC2: Principal component 2; PC3: Principal component 3; PC4: Principal 

component 4. 

 

Supplementary table 6 p values of each principal component during the pandemic 

 
PC1: Principal component 1; PC2: Principal component 2; PC3: Principal component 3; PC4: Principal 

component 4. p values were adjusted by Bonferroni correction. 
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Supplementary Figure 3 Trajectories of PC scores obtained from multidimensional psychiatric scores in 

the survey population (N = 3935) A. Loadings of psychiatric disorder scores for each principal component. 

B. Trajectories of the average of each PC are shown. The blue area under the curve represents a 15-day 

moving average of daily new COVID-19 cases per 100 000 Japanese residents. Signs of PCs were arranged 

so that each maximum loading assumed a positive value. Asterisks indicate significant changes in PC score 

from the previous time point (p<.05, Bonferroni-corrected). All PC scores during the pandemic (T1, T2, and 

T3) except those of PC3 are significantly higher than the scores pre-pandemic (T0). 

MDD: major depressive disorder as measured with the CES-D; GA: general anxiety as measured using the 

STAI-Y state, SAD-F: fear aspects of social anxiety disorder as measured using the LSAS-F; SAD-A: 

avoidance aspects of social anxiety disorder as measured using the LSAS-A; OCD: obsessive-compulsive 

disorder as measured with the OCI; Alcohol: alcohol-related problems as measured using the AUDIT; 

Internet: internet-related problems as measured with the CIUS; ASD: autism as measured with the AQ; 

ADHD: attention deficit and hyperactivity disorders as measured with the ASRS  
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Supplementary Table 7. Statistical values of fixed-effects regression analyses showing within-person 

changes in multi-dimensional psychiatric status during the pandemic (N = 2274). 
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Supplementary Figure 4. Fixed-effects regression analyses showing within-person changes in multi-

dimensional psychiatric status during the pandemic (N = 3935) 

Forest plots show results of fixed-effects regression analyses. Each plot represents standardized beta 

coefficients with standard errors. Asterisks indicate statistical significance (* p < 0.05, ** p < 0.001).Forest 

plots show results of fixed-effects regression analyses. Each plot represents standardized beta coefficients 

with standard errors. Asterisks indicate statistical significance (* p < 0.05, ** p < 0.001) 
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Supplementary Table 8. Statistical values of fixed-effects regression analyses showing within-person 

changes in multidimensional psychiatric status during the pandemic (N = 3935). 
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Supplementary Figure 5. A. Each PC loading and trajectory in males B. Each PC loading and trajectory in 

females. Each upper figure shows loadings of psychiatric disorder scores for each principal component. Each 

lower figure shows trajectories of the average of each PC. The blue area under the curve represents a 15-day 

moving average of daily new COVID-19 cases per 100 000 Japanese residents. Signs of PCs were arranged 

so that they followed the main analysis. Asterisks indicate significant changes in PC score from the previous 

time point (p<.05, Bonferroni-corrected).  

MDD: major depressive disorder as measured with the CES-D; GA: general anxiety as measured with the 

STAI-Y state, SAD-F: fear aspects of social anxiety disorder as measured using the LSAS-F; SAD-A: 

avoidance aspects of social anxiety disorder as measured with the LSAS-A; OCD: obsessive-compulsive 

disorder as measured using the OCI; Alcohol: alcohol-related problems as measured using the AUDIT; 

Internet: internet-related problems as measured with the CIUS; ASD: autism as measured with the AQ; 

ADHD: attention deficit and hyperactivity disorders as measured using the ASRS  
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Supplementary Figure 6. A-E. PC loadings and trajectories in each age group (20 ~ 60’s, per 10 years). 

Each upper figure show loadings of psychiatric disorder scores for each principal component. Each lower 

figure shows trajectories of the average of each PC. *In figures B and E, the order of PC3 and PC4 are 

reversed for ease of comparison. The blue area under the curve represents a 15-day moving average of daily 

new COVID-19 cases per 100 000 Japanese residents. Signs of PCs were arranged so that they follow the 

main analysis. Asterisks indicate significant changes in PC score from the previous time point (p<.05, 

Bonferroni-corrected).  

MDD: major depressive disorder as measured with the CES-D; GA: general anxiety as measured using the 

STAI-Y state, SAD-F: fear aspects of social anxiety disorder as measured using the LSAS-F; SAD-A: 

avoidance aspects of social anxiety disorder as measured with LSAS-A; OCD: obsessive-compulsive 

disorder as measured with the OCI; Alcohol: alcohol-related problems as measured with the AUDIT; 

Internet: internet-related problems as measured using the CIUS; ASD: autism as measured using the AQ; 

ADHD: attention deficit and hyperactivity disorders as measured with the ASRS. 
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Supplementary Figure 7. PC loadings and trajectories in each quintile group based on the problematic 

smartphone scores (per 10 A: 0-10, B: 10-20, C: 20-30, D: 30-). Each upper figure shows loadings of 

psychiatric disorder scores for each principal component. Each lower figure shows trajectories of the average 

of each PC. *In figures C and D, the order of PC3 and PC4 are reversed for ease of comparison. The blue 

area under the curve represents a 15-day moving average of daily new COVID-19 cases per 100 000 Japanese 

residents. Signs of PCs were arranged so that they followed the main analysis. Asterisks indicate significant 

changes in PC score from the previous time point (p<.05, Bonferroni-corrected).  

MDD: major depressive disorder as measured with the CES-D; GA: general anxiety as measured using the 

STAI-Y state, SAD-F: fear aspects of social anxiety disorder as measured using the LSAS-F; SAD-A: 

avoidance aspects of social anxiety disorder as measured with the LSAS-A; OCD: obsessive-compulsive 

disorder as measured with the OCI; Alcohol: alcohol-related problems as measured using the AUDIT; 

Internet: internet-related problems as measured with the CIUS; ASD: autism as measured using the AQ; 

ADHD: attention deficit and hyperactivity disorders as measured with the ASRS. 
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