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ABSTRACT
Objectives  There are numerous reports on the 
psychological burden of medical workers after the 
COVID-19 outbreak; however, no study has examined the 
influence of developmental characteristics on the mental 
health of medical workers. The objective of this study was 
to examine whether the developmental characteristics 
of medical workers are associated with anxiety and 
depression after the COVID-19 outbreak.
Design  We conducted an online cross-sectional 
questionnaire survey in October 2020.
Participants and setting  The data of 640 medical 
workers were analysed. The questionnaire included items 
on sociodemographic data, changes in their life after the 
COVID-19 outbreak and symptoms of depression, anxiety, 
attention-deficit/hyperactivity disorder (ADHD) traits and 
autism spectrum disorder traits.
Main outcomes  Depression symptoms were assessed by 
the Patient Health Questionnaire-9 and anxiety symptoms 
were assessed by the Generalised Anxiety Disorder-7. 
A series of hierarchical multiple regression analyses 
were performed to test the effects of developmental 
characteristics on depression and anxiety symptoms after 
controlling for sociodemographic factors and changes in 
participants’ lives after the COVID-19 outbreak.
Results  Increases in physical and psychological burden 
were observed in 49.1% and 78.3% of the subjects, 
respectively. The results of a multiple regression analysis 
showed that ADHD traits were significantly associated 
with both depression (β=0.390, p<0.001) and anxiety 
(β=0.426, p<0.001). Autistic traits were significantly 
associated with depression (β=0.069, p<0.05) but not 
anxiety. Increased physical and psychological burden, 
being female, medical workers other than physicians and 
nurses, fear of COVID-19 and experience of discrimination 
were also significantly associated with both depression 
and anxiety.
Conclusion  Globally, the burden on medical workers 
increased. This study suggested that medical workers with 
higher ADHD traits may need special attention during the 
COVID-19 pandemic.

INTRODUCTION
Previous studies have shown that outbreaks 
of serious infectious diseases can place a 
heavy psychological burden on healthcare 
workers.1–5 Immediately after the COVID-19 
outbreak, it was pointed out that mental 
health problems can emerge among medical 
workers due to the fear of risking infection 
to their own family, friends and colleagues, 
with uncertainty about the future and stigma-
tisation of themselves.6 There have already 
been a number of studies reporting mental 
health problems among healthcare workers 
working against COVID-19.1–4 7–29 However, 
these reports were mainly from regions such 
as China, the USA and European countries 
that experienced severe consequences of the 
COVID-19 pandemic.

Compared with the above-mentioned coun-
tries, the number of new cases and deaths 
caused by COVID-19 in Japan was small 
(figure  1)30; hence, people experiencing 
loss through death were considered rare. 

Strengths and limitations of this study

►► First study to examine the association between 
developmental characteristics and psychological 
burden of medical workers under the COVID-19 
outbreak.

►► Sufficiently large sample size.
►► Broad assessment on occupational environment and 
the changes in daily lifestyle under the COVID-19 
outbreak.

►► Despite an attempt to obtain a diverse sample of 
medical workers, the sample was skewed towards 
certain professions.

►► Developmental characteristics in this study were not 
formal diagnoses.
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Although there has been no government-imposed lock-
down with legal restraints, the further spread of COVID-19 
has been prevented by only a request for self-restraint in 
social activities by the prime minister and prefectural 
governors.31 People’s compliance with the request of 
wearing masks and avoiding unnecessary outings might 
have contributed to preventing the spread of the disease, 
but their effectiveness are not clear. In contrast, medical 
institutes, along with restaurants/bars and music events, 
were reported to have contributed to cluster outbreaks,32 
leading to increased stigma and discrimination against 
healthcare workers. Thus, it is not only the fear of infec-
tion by the SARS-CoV-2, but also the increased workload 
related to infection control, stigma/discrimination and 
stress in healthcare workers. When healthcare workers 
experience physical or mental health problems, it could 
lead to a decline in healthcare services and ultimately 
affect patients.33 As maintaining the quality of health-
care services affects the interests of society as a whole, 
reducing the physical and mental burden of healthcare 
providers would be the most essential factor to overcome 
the COVID-19 pandemic.

People with specific developmental characteristics may 
experience greater psychological burden during the 
COVID-19 pandemic.15 34–38 However, there have been 
no reports on the psychological effects of the COVID-19 
pandemic on adult healthcare workers with attention-
deficit/hyperactivity disorder (ADHD) and/or autistic 
traits. In recent years, ADHD and autistic traits have been 
regarded as spectra and have been shown to co-occur.39 
ADHD traits may make compliance with the COVID-19 
precautions highly stressful; the increased risk of infec-
tion due to symptoms such as inattention, hyperactivity 
and impulsivity can put the individuals and their families 
in danger and may also promote discrimination. Previous 
studies have shown that untreated ADHD is a risk factor 

for acquiring COVID-19.40 41 Meanwhile, autism spectrum 
disorder (ASD) is characterised by intolerance to change 
and overestimation of variability in the surrounding envi-
ronment.42 Therefore, autistic traits may make people 
vulnerable to depression and anxiety because of the 
need to adjust their daily lifestyles to the COVID-19 crisis. 
Considering this, we hypothesised that medical workers 
with developmental characteristics such as ADHD and 
autistic traits experience depression and anxiety symp-
toms to a greater extent during the COVID-19 outbreak. 
In testing this hypothesis, we conducted a cross-sectional 
study to examine the relationship between develop-
mental characteristics and depressive/anxiety symptoms. 
We included COVID-19-related changes in lifestyle, 
changes in psychological and physical burdens of work, 
and current work status based on recent findings on 
COVID-19 and the psychological burden of healthcare 
workers,2–4 8–10 12 13 15–29 as well as the possibility of an associ-
ation between individuals’ developmental characteristics 
evaluated using questionnaires as potential confounders. 
Our goal was to estimate the impact of ADHD and autism 
traits on depressive and anxiety symptoms in medical 
workers; however, we also discussed the effects of other 
factors as secondary outcomes.

METHODS
Setting and study population
This study was conducted as part of a comprehensive 
research project (MEdical Workers’ MEntal health 
and Working conditions in Japan under the COVID-19 
pandemic (MEW2-J-COVID) project) to investigate the 
mental health, work, lifestyle and distraction of medical 
workers after the COVID-19 outbreak. This cross-sectional 
web-based questionnaire survey was conducted between 
1 October 2020 and 30 October 2020. Participants were 
recruited via snowball sampling. The method of dissemi-
nation was not specified; potential participants were asked 
to access the link to a Google Form containing the ques-
tionnaire posted on the National Center of Neurology 
and Psychiatry website. Informed consent was obtained 
from all participants via the survey website.

Of the 712 participants who completed the Google 
Form questionnaire, the data of 683 participants were 
analysed. Data of 29 participants were excluded because 
they were duplicates (n=24), were under 20 years or not 
medical workers (n=3), contained garbled data (n=1) 
or contained invalid data on working hours (n=1). Of 
these, those not working at a medical institution (n=25) 
and working less than 15 days in a month (n=18) were 
excluded. Totally, 43 participants were excluded. Finally, 
640 participants were included in the analyses.

Assessments
Questionnaires consisted of the sociodemographic ques-
tionnaire, the Patient Health Questionnaire-9 (PHQ-9) 
for estimating depressive symptoms,43 44 the Gener-
alised Anxiety Disorder-7 (GAD-7) for assessing anxiety 

Figure 1  Epidemic curve of COVID-19 in Japan until 
October 2020. The bar graph shows the epidemic curve 
displaying the number of patients. The red line shows the 
cumulative number of deaths.
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symptoms,45 46 the Adult ADHD Self-Report Scale (ASRS-
V.1.1) for estimating ADHD symptoms47 48 and the Autism 
Spectrum Quotient-10 (AQ-10) for quantifying autistic 
traits.49 50

Main outcome measures
Depression symptoms were assessed by the PHQ-9.43 44 
Based directly on the nine diagnostic criteria for major 
depressive disorder in the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth Edition (DSM-IV),51 
the scale consists of nine items that assess the frequency 
with which nine depressive symptoms had occurred in the 
past 2 weeks. Participants rated items as 0, 1, 2 or 3 for 
‘not at all,’ ‘several days,’ ‘more than half the days’ and 
‘nearly every day,’ respectively. Responses to each item 
were summed to provide a single score ranging from 0 to 
27, with higher scores indicating more severe depressive 
symptoms.

Anxiety symptoms were assessed by the GAD-7.45 46 
The GAD-7 is derived from the 13-item criteria for GAD 
in the DSM-IV.51 It consists of 7 items with the highest 
correlation to the 13-item scale score. Participants rated 
the frequency of seven anxiety symptoms during the last 
2 weeks as 0, 1, 2 or 3 for ‘not at all,’ ‘several days,’ ‘more 
than half the days’ and ‘nearly every day,’ respectively. 
The responses to each item were summed to provide a 
single score ranging from 0 to 21, with higher scores indi-
cating more severe anxiety symptoms.

Predictors: developmental characteristics
ADHD traits were assessed by the ASRS-V1.1 Screener.47 48 
The ASRS-V.1.1 Screener was derived from the 18-item 
criteria for ADHD in the DSM-IV,51 consisting of six ques-
tions considered most predictive of symptoms consistent 
with ADHD. The six-item questionnaire includes ques-
tions on inattention (four items) and hyperactivity symp-
toms (two items). Participants rated the frequency of 
ADHD symptoms over the past 6 months as 0, 1, 2, 3 or 4 
for ‘never,’ ‘rarely,’ ‘sometimes,’ ‘often,’ and ‘very often,’ 
respectively. The responses to each item were summed to 
provide a single score ranging from 0 to 24, with higher 
scores indicating higher ADHD traits.

Autistic traits were assessed by the AQ-10.49 50 The 
AQ-50, an original version of the AQ-10, was originally 
developed as a tool for screening autistic traits in intellec-
tually able adults. Although a short version of the AQ-50, 
the AQ-10 has been well validated for measuring autistic 
traits.52 Responses are rated on a four-point scale: ‘defi-
nitely disagree,’ ‘slightly disagree,’ ‘slightly agree’ and 
‘definitely agree.’ Responses indicating autistic traits 
were scored 1, while other responses were scored 0 (for 
five items, ‘definitely disagree’ and ‘slightly disagree’ 
were scored 1, but for the five reverse-scored items, 
‘slightly agree’ and ‘definitely agree’ were scored 1). The 
responses to each item were summed to provide a single 
score ranging from 0 to 10, with higher scores indicating 
a higher level of autistic traits.

Predictors: changes in lifestyle
Regarding the changes in lifestyle after the COVID-19 
outbreak, changes in physical and psychological burden 
were rated as ‘markedly decreased,’ ‘decreased,’ 
‘unchanged,’ ‘increased,’ or ‘markedly increased’ as the 
answers to the question ‘How has the physical/mental 
burden of work changed compared with before the 
COVID-19 pandemic?’ Additionally, changes in income, 
frequency of going out and interpersonal interactions 
(including online interactions) were assessed by rate of 
change: ‘Greater than or equal to 150%,’ ‘110%–150%,’ 
‘90%–110%,’ ‘50%–90%’ or ‘less than 50%,’ as the answers 
to the question ‘How has your income/ frequency of 
going out/ interpersonal interactions (including online 
interactions) changed compared to before the COVID-19 
pandemic?’

Other covariates
The questionnaire included items on demographic char-
acteristics, such as age (stratified by decade), sex, body 
mass index (BMI), residential area (urban, suburban or 
rural), number of households, smoking habit (yes/no), 
habitual alcohol consumption (yes/no) and history of 
COVID-19 infection (yes/no). Participants’ work status 
including occupation, commuting time (<30 min, 30 min 
to 1 hour or ≥1 hour), working hours per day and number 
of workdays per month, engagement in night-shift (yes/
no), frequency of contact with confirmed/suspected 
COVID-19 patients, fear of COVID-19 (no fear, moderate 
fear or extreme fear), and experience of discrimination 
(a yes/no answer to the question, ‘After the COVID-19 
epidemic, have you experienced discrimination in 
daycare centres, schools or from community residents 
because you are a medical worker?’) were also evalu-
ated. In this study, we defined front-line workers as those 
directly involved in COVID-19 prevention and treatment 
and having direct contact with confirmed or suspected 
cases once or more than once a week.

Statistical analysis
A series of hierarchical multiple regression analyses were 
performed to test the effects of developmental charac-
teristics on depression (the score of the PHQ-9) after 
controlling for sociodemographic factors and changes 
in participants’ lives after the COVID-19 outbreak. First, 
developmental characteristics (the ASRS score and the 
AQ-10 score) were entered into the regression model 
(model 1). Second, changes in lifestyle after the COVID-19 
outbreak (changes in physical and psychological burden, 
changes in income, frequency of going out, and inter-
personal interaction) were entered into the regression 
model in the second step (model 2). Lastly, sociodemo-
graphic variables including age group, sex, BMI, residen-
tial area, number of households, habitual smoking and 
alcohol consumption, history of COVID-19 infection, 
work status (occupation, commuting time, working hours 
per month, engagement in night-shifts, whether a front-
line worker or not), fear of COVID-19 and experience of 
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discrimination were entered in the third and final step 
(model 3). Except for developmental characteristics, the 
variables used for adjustment were items that are consid-
ered to be associated with depression/anxiety in medical 
workers in previous studies.2–4 8–10 12 13 15–29 The same hier-
archical multiple regression analyses were performed 
to test the effects of developmental characteristics on 
anxiety (GAD-7 score). We used SPSS statistics V.22 
(SPSS) to perform all analyses. Statistical significance was 
set at p<0.05.

Patient and public involvement
There was no patient or public involvement in the produc-
tion of this study.

RESULTS
The 640 participants consisted of 270 (42.2%) physi-
cians (including dentists), 190 (29.7%) nurses (including 
midwives) and 180 (28.1%) other workers (pharmacists 
(n=34), nutritionists (n=4), radiologists (n=4), clinical 
technologists (n=17), physical therapists (n=6), occu-
pational therapists (n=14), certified orthoptists (n=1), 
clinical engineers (n=4), speech therapists (n=8), certi-
fied care workers (n=3), clinical psychologists (n=25), 
psychiatric social workers (n=13), music therapists (n=1), 
medical assistants (n=7) and office workers (n=39)). 
Most of the participants worked in hospitals (n=516), 
followed by outpatient clinics (n=88), and other medical 
institutions including pharmacies, long-term care facili-
ties and public health centres (n=36). The respondents 
were aged between 20 and 70 (one respondent was in 
his 70s but was included in the ‘≥60’ category in the 
analysis), with the majority in their 30s and 40s (37.3% 
and 34.8%, respectively), and 359 (59.1%) were female. 
Only five participants (0.8%) had a history of COVID-19 
infection. Forty-six participants (7.2%) were front-line 
workers. Other descriptive information of the partici-
pants is presented in table  1. A majority of the partici-
pants (85.4%) were concerned about COVID-19, and 
about 20% of them were extremely fearful of COVID-19 
(17.7% of all participants). Discrimination against 
medical workers was experienced by 8.8% of the respon-
dents. The prevalence of clinically significant depressive 
symptoms (PHQ-9 ≥10), anxiety symptoms (GAD-7 ≥10), 
ADHD traits (ASRS≥14) and autistic traits (AQ-10  ≥6) 
were 77 (12.0%), 54 (8.4%), 65 (10.2%) and 64 (10.0%), 
respectively.

Changes in lifestyle (physical and psychological burden, 
income, frequency of going out and interpersonal interac-
tion) are shown in figure 2. In terms of workload after the 
COVID-19 outbreak, 49.1% and 78.3% of the participants 
reported that their physical and psychological burdens 
increased, respectively. As for income, only 19.7% of the 
subjects experienced a decrease below 90%. Overall, a 
noticeable decrease in the frequency of going out was 
reported—92.2% reported reducing activities by 10% or 
more, and 40% reported reducing their activities by 50% 

or more. A similar decrease in interpersonal interaction 
was noted, with 83.5% reporting a decrease of less than 
90% and 37.7% reporting a decrease of less than 50%.

Table 1  Demographic data and employment status of 
participants (n=640)

Age group (years), N (%)

 � 20–29 75 (11.7)

 � 30–39 239 (37.3)

 � 40–49 223 (34.8)

 � 50–59 74 (11.6)

 � ≥60 29 (4.5)

Female, N (%) 359 (56.1)

Body mass index, median (IQR), kg/m2 21.8 (20.1–24.2)

Residential area, N (%)

 � Urban 260 (40.6)

 � Suburban 279 (43.6)

 � Rural 101 (15.8)

No of households, N (%)

 � 1 187 (29.7)

 � 2 139 (21.7)

 � 3 130 (20.3)

 � ≥4 184 (28.7)

Habitual smoking, N (%) 60 (9.4)

Habitual alcohol consumption, N (%) 170 (26.6)

COVID-19 infection, N (%) 5 (0.8)

Occupation, N (%)

 � Physician 270 (42.2)

 � Nurse 190 (29.7)

 � Other worker 180 (28.1)

Commuting time, N (%)

 � <30 min 374 (58.4)

 � 30 min to 1 hour 183 (28.6)

 � ≥1 hour 83 (13.0)

Working hours, median (IQR), per month 207.5 (187–247)

Working night-shift, N (%) 316 (49.4)

Front-line worker, N (%) 46 (7.2)

Fear of COVID-19, N (%)

 � No fear 94 (14.7)

 � Moderate fear 433 (67.7)

 � Extreme fear 113 (17.7)

Experience of discrimination, N (%) 56 (8.8)

PHQ-9 score, median (IQR), points 4 (1–8)

GAD-7 score, median (IQR), points 2 (0–5)

ASRS score, median (IQR), points 9 (6–11)

AQ-10 score, median (IQR), points 3 (2–4)

AQ-10, Autism-Spectrum Quotient-10; ASRS, Adult Attention-
Deficit/Hyperactivity Disorder Self-Report Scale; GAD-7, 
Generalised Anxiety Disorder-7; PHQ-9, Patient Health 
Questionnaire-9.
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To evaluate the effect of developmental characteristics, 
changes in lifestyle due to COVID-19 and sociodemo-
graphic variables, we performed two separate regression 
analyses. For depression, the first model testing the contri-
butions of developmental characteristics were statistically 
significant (R2=21.7%, p<0.001). The addition of changes 
in lifestyle due to COVID-19 (model 2) resulted in a signif-
icant increase in the R2 value (ΔR2=12.6%, p<0.001). The 
final model (the standard multiple regression analysis) 
in which all of the variables were entered simultaneously 
explained 43.3% of the variance in depression. Finally, 
ASRS score (β=0.390, p<0.001), AQ-10 score (β=0.069, 
p<0.05), changes in physical burden (β=0.121, p<0.01), 
changes in psychological burden (β=0.161, p<0.001), 
changes in interpersonal interaction (β=0.103, p<0.01), 
being female (β=0.199, p<0.001), BMI (β=0.094, p<0.01), 
number of households (β=−0.086, p<0.01), habitual 
smoking (β=0.068, p<0.05), other worker (β=0.130, 
p<0.001), working hours per month (β=0.083, p<0.05), 
fear of COVID-19 (β=0.135, p<0.001) and experience of 
discrimination (β=0.069, p<0.05) were identified as signif-
icant correlates of depression. However, the correlation 
between AQ-10 score and depression was not significant 
in the bivariate analysis (table 2).

For anxiety, the first model testing the contributions of 
developmental characteristics were statistically significant 
(R2=22.5%, p<0.001). The addition of changes in lifestyle 
with COVID-19 (model 2) resulted in a significant increase 
in the R2 value (ΔR2=10.5%, p<0.001). The final full model 
(the standard multiple regression analysis) in which all 
of the variables were entered simultaneously explained 
39% of the variance in anxiety. Finally, the ASRS score 
(β=0.426, p<0.001), changes in physical burden (β=0.120, 
p<0.01), changes in psychological burden (β=0.146, 
p<0.001), being female (β=0.089, p<0.05), other worker 
(β=0.123, p<0.001), fear of COVID-19 (β=0.170, p<0.001), 

and experience of discrimination (β=0.067, p<0.05) were 
identified as significant correlates of anxiety (table 3).

DISCUSSION
This study was conducted during the COVID-19 outbreak, 
but is the first study investigating the influence of devel-
opmental characteristics on depression and anxiety in 
medical workers. Results indicated that ADHD traits might 
have a strong influence on depression and anxiety symp-
toms even after controlling for physical and psycholog-
ical burden and fear of COVID-19, with its effect possibly 
being greater than other factors, including autistic traits.

In general, and not only during a pandemic, the rela-
tionship between ADHD and depression or anxiety has 
already been addressed.53–58 Additionally, patients with 
ASD in general are more prone to developing depression 
and anxiety.16 However, in this study, wherein a strong 
correlation was found between ADHD traits and depres-
sion/anxiety symptoms, there was no significant correla-
tion for autistic traits. The difference in the association 
between the two traits for depression/anxiety is not clear. 
One possible reason for the strong correlation between 
ADHD traits and depression/anxiety is that people with 
ADHD traits may have faced a higher risk of infection 
due to their own inattention and impulsivity, which can 
be an obvious stressor among medical workers. Even 
though untreated ADHD is a risk factor for acquiring 
COVID-19,40 41 the relationship between ADHD traits and 
compliance with infection control measures under the 
pandemic remains unclear and should be examined in 
the future. Further, due to the calls for self-restraint by 
government leaders,31 those with high ADHD traits may 
have experienced high stress59; self-restraint prevents one 
from engaging in a variety of activities, and it would be 
difficult for people with ADHD traits to adapt to such 
activities even after months or years. Meanwhile, against 
the intolerance of change in ASD,42 people with autistic 
traits may have shown some level of adaption to the situ-
ation, as the survey was conducted more than 6 months 
after the COVID-19 outbreak. Furthermore, unneces-
sary outings or interpersonal interactions, which can 
be stressors for people with autistic traits,60 have been 
reduced due to COVID-19. It is also noteworthy that the 
correlation between autistic traits and depression, which 
was not significant in the bivariate analysis, was signifi-
cant in the multivariate analysis. This makes it undeni-
able that autistic traits are also a unique factor that can 
be associated with depression. As there have been no 
studies that examined developmental characteristics and 
their psychological effects in the general adult popu-
lation, it can be inferred that the relationship between 
psychological burden and ADHD or autistic traits after 
the COVID-19 outbreak should be evaluated and further 
investigated not only among healthcare workers but also 
among the general population. Contrary to the above 
hypothesis that reducing unnecessary interpersonal inter-
action could be protective for individuals with autistic 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Physical burden

Psychological burden

Markedly decreased Decreased Unchanged Increased Markedly increased

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Income

Frequency of going out

Interpersonal interaction

≥ 150% 110 to 150 % 90 to 110% 50 to 90% < 50%≥150% <50%

(A) 

(B) 

Figure 2  Changes in lifestyle among medical workers 
after the COVID-19 outbreak. (A) The bold square shows an 
increase in physical and psychological burden. (B) The bold 
square shows a decrease of less than 90%.
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traits, this study highlighted the importance of main-
taining interpersonal interactions to fight depression. 
Both belonging to a large household and maintaining 
interpersonal interactions had a protective effect against 
depression symptoms. This result is consistent with the 
known importance of receiving direct social support 
from friends, family, colleagues and supervisors during a 

pandemic, which has already been suggested in numerous 
studies.3 4 8–10 12 In this study, the association between 
changes in interpersonal interaction and anxiety symp-
toms was not significant; this may be because reduced 
interpersonal interaction may lower the risk of infection 
and could thus reduce anxiety. Contrarily, the experience 
of discriminatory treatment was independently associated 

Table 2  Multiple linear regression model predicting depressive symptoms

Predictors

Model 1 Model 2 Model 3

B SE β B SE β B SE β

Step 1: Developmental characteristics

 � ASRS score (continuous variable) 0.562 0.043 0.463*** 0.508 0.040 0.418*** 0.474 0.039 0.390***

 � AQ-10 score (continuous variable) 0.045 0.096 0.017 0.113 0.089 0.042 0.186 0.086 0.069*

Step 2: Changes in lifestyle after the COVID-19 
outbreak

 � Changes in physical burden‡ 0.745 0.190 0.151*** 0.595 0.184 0.121**

 � Changes in psychological burden‡ 1.315 0.244 0.216*** 0.978 0.243 0.161***

 � Changes in income§ −0.124 0.319 −0.013 −0.196 0.313 −0.020

 � Changes in frequency of going out§ −0.324 0.277 −0.042 −0.515 0.264 −0.066

 � Changes in interpersonal interaction§ 0.791 0.226 0.124*** 0.657 0.216 0.103**

Step 3: Sociodemographic variables

 � Age group¶ −0.045 0.159 −0.009

 � Female (yes) 1.937 0.358 0.199***

 � Body mass index (continuous variable) 0.134 0.047 0.094**

 � Residential area†† −0.223 0.230 −0.033

 � No of households‡‡ −0.349 0.132 −0.086**

 � Habitual smoking (yes) 1.137 0.526 0.068*

 � Habitual alcohol consumption (yes) 0.448 0.348 0.041

 � History of COVID-19 infection (yes) 2.021 1.693 0.037

 � Occupation

  �  Physician (reference) — —

  �  Nurse −0.131 0.425 −0.012

  �  Other worker 1.399 0.423 0.130***

 � Commuting time§§ −0.067 0.217 −0.010

 � Working hours per month (continuous 
variable)

0.008 0.003 0.083*

 � Working night shift (yes) −0.099 0.343 −0.010

 � Front-line worker (yes) 0.233 0.602 0.012

 � Fear of COVID-19¶¶ 1.151 0.278 0.135***

 � Experience of discrimination (yes) 1.176 0.548 0.069*

Fit test

 � R2 0.217 0.342 0.433

 � Change in R2 0.217 0.126 0.091

*P<0.05, **p<0.01, ***p<0.001.
†Evaluated using the Patient Health Questionnaire-9.
‡Markedly decreased=1, decreased=2, not changed=3, increased=4, and markedly increased=5.
§≥150=1, 110%–15%=2, 90%–110%=3, 50%–90%=4 and <50%=5.
¶20–29=1, 30–39=2, 40–49=3, 50–59=4 and 60 or over 60=5.
††Urban=1, suburban=2, rural=3.
‡‡4 or more than 4 was calculated as '4'.
§§<30 min=1, 30 min to 1 hour=2, ≥1 hour=3.
¶¶No fear=1, moderate fear=2, extreme fear=3.
AQ-10, the Autism-Spectrum Quotient-10; ASRS, the Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale.
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with both depression and anxiety symptoms. The nega-
tive psychological impact of discrimination on healthcare 
workers has been reported in previous pandemics, such 
as severe acute respiratory syndrome, Middle East respi-
ratory syndrome or other viral infections.3 4 This study’s 
results are consistent with the findings of the COVID-19 

outbreak, which also revealed the incidence of mental 
disorders due to discrimination.22–25

Factors related to employment can also be a psycho-
logical burden for medical workers. Several studies have 
shown that the psychological burden on healthcare 
workers is high not only in countries severely affected 

Table 3  Multiple linear regression model predicting anxiety symptoms

Predictors

Model 1 Model 2 Model 3

B SE β B SE β B SE β

Step 1: Developmental characteristics

 � ASRS score (continuous variable) 0.480 0.036 0.472*** 0.438 0.034 0.431*** 0.433 0.033 0.426***

 � AQ-10 score (continuous variable) 0.029 0.080 0.013 0.079 0.075 0.035 0.117 0.075 0.052

Step 2: Changes in lifestyle after the 
COVID-19 outbreak

 � Changes in physical burden‡ 0.643 0.160 0.156*** 0.492 0.159 0.120**

 � Changes in psychological burden‡ 0.969 0.206 0.191*** 0.743 0.211 0.146***

 � Changes in income§ 0.007 0.269 0.001 −0.116 0.272 −0.014

 � Changes in frequency of going out§ −0.223 0.233 −0.034 −0.257 0.229 −0.040

 � Changes in interpersonal interaction§ 0.507 0.190 0.095** 0.367 0.188 0.069

Step 3: Sociodemographic variables

 � Age group¶ 0.212 0.138 0.052

 � Female (yes) 0.727 0.310 0.089*

 � Body mass index (continuous variable) −0.015 0.040 −0.013

 � Residential area†† −0.061 0.200 −0.011

 � No of households‡‡ −0.066 0.114 −0.019

 � Habitual smoking (yes) 0.336 0.456 0.024

 � Habitual alcohol consumption (yes) 0.244 0.302 0.027

 � History of COVID-19 infection (yes) 1.870 1.469 0.041

 � Occupation

  �  Physician (reference) — —

  �  Nurse −0.031 0.369 −0.004

  �  Other worker 1.108 0.367 0.123**

 � Commuting time§§ −0.169 0.188 −0.030

 � Working hours per month (continuous 
variable)

0.001 0.003 0.015

 � Working night shift (yes) 0.071 0.298 0.009

 � Front-line worker (yes) 0.434 0.522 0.028

 � Fear of COVID-19¶¶ 1.214 0.241 0.170***

 � Experience of discrimination (yes) 0.956 0.475 0.067*

Fit test

 � R2 0.225 0.330 0.390

 � Change in R2 0.225 0.105 0.060

*P<0.05, **p<0.01, ***p<0.001.
†Evaluated using the Generalised Anxiety Disorder-7.
‡†Markedly decreased=1, decreased=2, not changed=3, increased=4, and markedly increased=5.
§≥150=1, 110%–15%=2, 90%–110%=3, 50%–90%=4 and <50%=5.
¶20–29=1, 30–39=2, 40–49=3, 50–59=4 and 60 or over 60=5.
††Urban=1, suburban=2, rural=3.
‡‡4 or more than 4 was calculated as '4'.
§§<30 min=1, 30 min to 1 hour=2, ≥1 hour=3.
¶¶No fear=1, moderate fear=2, extreme fear=3.
AQ-10, the Autism-Spectrum Quotient-10; ASRS, the Adult Attention-Deficit/Hyperactivity Disorder Self-Report Scale.
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by the pandemic but also in relatively unaffected coun-
tries.17 18 21 29 We found that the physical and psycholog-
ical burden of the COVID-19 outbreak was increased in 
around 50% and 80% of medical workers, respectively. 
Both increases in psychological and physical burden were 
independently associated with symptoms of depression 
and anxiety, which is consistent with previous studies.19 20 
It has also been reported that protective garments can 
increase physical burden61 62 and that strict infection 
control measures can increase stress levels.19 In addition 
to changes in physical and psychological burden, long 
working hours were significantly correlated with depres-
sion symptoms in this study. This was consistent with some 
studies on the association between long working hours 
and depression or increased stress under the COVID-19 
outbreak.27 28 Furthermore, a significant association 
between the fear of COVID-19, depression and anxiety 
has been replicated, which is consistent with previous 
study findings.2 4 10 Despite the increased psychological 
and physical burden and fear of COVID-19, the preva-
lence of clinically significant symptoms of depression 
and anxiety was lower than among healthcare workers in 
other nations.7 9 13 14 17 This may reflect the low number 
of dominant COVID-19 patients and the low number of 
deaths due to COVID-19 in Japan as compared with other 
countries.30 In addition, the low prevalence of clinically 
significant symptoms of depression and anxiety could be 
attributed to the current study’s small sample of medical 
workers who had direct contact with COVID-19 patients 
compared with the sample size in previously conducted 
studies.11–13 63 64 Besides, unlike previous reports on the 
general population,65–68 the association between the 
income loss associated with the COVID-19 outbreak, 
depression and anxiety was not clear in this study. This 
can be due to the limited number of medical workers who 
experienced a decline in income; the impact could be 
greater if the economy had collapsed, and their incomes 
had drastically decreased.

The current results suggested that, remarkably, 
medical workers other than physicians or nurses have 
an independent risk of both depression and anxiety. 
In terms of occupation, although front-line physicians 
had a higher incidence of depression than other occu-
pations,14 numerous studies on healthcare workers have 
reported lower depression and anxiety in physicians 
than in other occupations,3 4 7–9 13 21 26 as in this study. For 
healthcare workers other than physicians and nurses, one 
study reported that anxiety was significantly higher, but 
depression was comparable.69 Another study conducted 
on a cruise ship during the early stages of the COVID-19 
epidemic in Japan reported that distress was signifi-
cantly stronger among clerical workers than physicians 
or nurses,70 which are consistent with the results of the 
current study. Even in healthcare workers, inadequate 
medical knowledge was reported to be associated with 
increased levels of anxiety and depression.3 71 72 Moreover, 
numerous reports have stated that fewer years of health-
care experience was associated with worse mental health 

outcomes3 7; other medical workers in this study may have 
had less experience in infection prevention. Therefore, 
both job-specific support and appropriate knowledge 
development would be important to improve the psycho-
logical burden of medical workers.

In terms of demographic variables, being female, 
BMI and smoking habits were independently associated 
with depression symptoms. Being female was also inde-
pendently associated with anxiety symptoms. The asso-
ciation between age and depression/anxiety was not 
noticeable in this study; it is still controversial in previous 
reports examining the association between age and 
psychological burden in healthcare workers under the 
pandemic.5 9 12 17 18 21 26 27 The association between BMI, 
smoking habits, and depression has long been shown in 
the general population73 74 and may not be unique to 
the COVID-19 outbreak. The association of sex, espe-
cially being a woman with depression and anxiety, has 
been reported in a number of studies conducted on 
healthcare workers after the onset of the COVID-19 
pandemic.2–4 8 12 13 15–17 21 26 This may also reflect the 
higher prevalence of depression and anxiety among 
women in the general population75 76; however, these 
relationships can be unique to the COVID-19 pandemic. 
Experimental studies have shown that women are more 
responsive to neural networks associated with fear and 
arousal responses than men77; the response to fear asso-
ciated with COVID-19 may have been stronger in women 
than men. In addition, there are indications that the 
sociological burden on women has increased after the 
COVID-19 outbreak.78 Moreover, a longitudinal study of 
women with children showed that depression and anxiety 
were higher among women who had disrupted income, 
difficulty balancing work and family education, and diffi-
culty obtaining daycare.79 Indeed, in Japan, it has been 
reported that suicide among women increased signifi-
cantly after the COVID-19 outbreak.80 The direct causes 
of depression and anxiety in females, and what interven-
tions are best for them should be examined in the future.

There are some limitations to this study. First, this 
study adopted the snowball sampling strategy with online 
recruitment, and thus did not specify how the question-
naire was disseminated. While this approach is valu-
able for exploratory studies and provides access to the 
target population and is used in some epidemiological 
studies to examine the psychological burden of health-
care workers under the COVID-19 outbreak,26 27 71 72 it 
can still hinder the generalisability of the results as the 
representativeness of the sample is not guaranteed. In 
particular, the reliability of the prevalence rate remains 
problematic. Second, the participants with ADHD or 
autistic traits in this study were not formally diagnosed as 
having ADHD or ASD. In addition, determining whether 
they are traits or symptoms can be difficult using the 
questionnaire method. The possibility that ADHD and 
autistic symptoms can change with age81 is also a limita-
tion of this study. Third, the clinically significant depres-
sive and anxiety symptoms in this study were not those of 
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formally diagnosed major depressive disorder or GAD-7, 
respectively. Furthermore, the ASRS-V1.1, AQ-10, PHQ-9 
and GAD-7 used in this study are all based on the DSM-IV 
diagnostic criteria and not on the latest DSM-5.82 Fourth, 
the questionnaire did not include whether the respon-
dents were receiving treatment for mental or physical 
illnesses, so the influence of comorbidities could not be 
verified in this study. Fifth, the study only examined the 
changes in income, frequency of going out and interper-
sonal interaction, and did not assess baseline status. In 
particular, we did not investigate economic status, which 
is thought to strongly influence depression and anxiety. 
As this study included people working in medical insti-
tutions, it may have been biased toward middle-income 
and high-income populations in Japan. Lastly, owing to 
the observational nature of the study, our findings did not 
show a direct causal relationship between developmental 
characteristics and psychological burden. In addition, as 
this study was conducted anonymously, it is not possible 
to conduct further longitudinal studies using the same 
participants.

This study suggested that individual developmental 
characteristics, especially ADHD traits, have a consider-
able effect on the psychological health of medical workers. 
In contrast, the relationship between autistic traits and 
depression/anxiety symptoms was less significant. Iden-
tifying the stressors in medical workers with high ADHD 
traits and the subsequent development of appropriate 
interventions for them are warranted. Furthermore, as 
this was a cross-sectional study, causality cannot be deter-
mined. To verify the relationship between specific devel-
opmental characteristics and stress-related outcomes, 
further prospective studies with both healthcare workers 
and the general population should be conducted.
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