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Purpose: This study aims to evaluate the impact of the COVID-19 pandemic on employment status, work productivity, quality of life (QOL),
and depressive symptoms in undiagnosed adults with and without attention-deficit/hyperactivity disorder (ADHD) symptoms in Japan.
Methods: An observational study used baseline data from a Japanese Medilead Healthcare Panel before the COVID-19 pandemic
(October—December 2019). Eligible panel participants were then surveyed during the pandemic (March 2021). ADHD symptoms were
screened using the Adult ADHD Self-Report Scale. Changes in QOL (EuroQol 5-Dimensions 5-Levels; EQ-5D-5L) and productivity
impairment (Work Productivity and Activity Impairment scale; WPAI) from before to during the pandemic were analyzed in
undiagnosed adults with and without ADHD symptoms. Unemployment rate and depressive symptoms (Patient Health
Questionnaire; PHQ-9) during the pandemic were compared between groups.

Results: Participants with (N=949) and without (N=942) ADHD symptoms completed the survey. The unemployment rate was not
significantly different between participants with and without ADHD symptoms. Participants with ADHD symptoms were more likely to
change jobs or employers during the pandemic. PHQ-9 scores in participants with ADHD symptoms were significantly higher than in those
without ADHD symptoms (8.96 vs 3.57, respectively) during the pandemic. Before the pandemic, WPAI scores were significantly higher and
EQ-5D-5L scores lower in participants with ADHD symptoms than in those without. Productivity improved and QOL was not altered during
the pandemic in both groups, but productivity and QOL remained poorer among participants with ADHD symptoms than in those without.
Conclusion: Productivity was improved among all participants during the COVID-19 pandemic, contrary to expectations. However, adults
with ADHD symptoms consistently had lower productivity, poorer QOL, and more depressive symptoms than those without ADHD
Ssymptoms.

Keywords: absenteeism, ADHD symptoms, ASRS, COVID-19, depression, Japan, presenteeism, quality of life, working from home,
work productivity

Introduction
Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder with symptoms such as inattention,
hyperactivity, and impulsivity that affect life disproportionately to age or development.' Adults with ADHD often experience
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restlessness, impatience, distractibility, poor organization, forgetfulness, and an inability to track time.? Adults with ADHD
report greater difficulties with social functioning, relationships, self-organization and planning, personal finances, and mood
control than adults without ADHD.? Mental illnesses like depression and anxiety have substantial comorbidity with ADHD,
which may increase burden and further reduce quality of life (QOL).* Adults with ADHD also experience substantial impacts
on work performance.” ™

The COVID-19 pandemic has forced people to undergo major changes in their lives, particularly in the work
environment. In Japan, the first national COVID-19 state of emergency (SOE) was declared in April 2020 and lasted
until late May 2020. Additional COVID-19 SOE declarations for specific cities and prefectures were issued in January,
April, July, and August 2021. The COVID-19 SOE declarations placed restrictions on residents and businesses, including
school closures, partial business closures, and the encouragement to stay home as much as possible, including working
from home (WFH). Mental health impacts of the COVID-19 pandemic in Japan include anxiety-related and trauma-
related disorders,’ psychological distress,®” depression,”® and suicide.”'”

Given the adverse impacts of the pandemic, people with ADHD are likely to experience various effects on QOL,
mental health, and work productivity. To date, the impact of COVID-19 on people with ADHD has been primarily
studied in children and adolescents, with most studies showing some negative behavioural and/or psychological out-
comes during the pandemic.'' ¢ The impact of the pandemic on children with ADHD has also affected their interactions
with adult caregivers.'? Similarly, the few studies on adults with ADHD during the pandemic have generally shown
negative consequences, including stress, anxiety, poorer physical and psychological QOL, psychological distress, and
financial decline.'”"'” Other studies have shown minimal mental health impact of the pandemic in adults with ADHD
who maintained their medication regimen.?® However, the full impact of the COVID-19 pandemic on adults with ADHD,
especially in the work environment, has not been well elucidated. Furthermore, there are potentially many undiagnosed
adults with ADHD symptoms in addition to the population with diagnosed ADHD. The estimated prevalence of Japanese
adults diagnosed with ADHD is just 1.7%,?' lower than the worldwide prevalence of 3.4%,*
number of adults with undiagnosed ADHD in Japan.

suggesting a large

Due to poor awareness of ADHD in Japanese society, the needs of people with ADHD symptoms are often not
considered, and thus the working environment can be difficult for adults with ADHD symptoms. This observational
web-based survey study aimed to evaluate work productivity, QOL, and mental health in undiagnosed Japanese adults
with ADHD symptoms before and during the COVID-19 pandemic, using established assessment scales. Participants
were people with (and without) ADHD symptoms who voluntarily reported that they were not diagnosed with ADHD.
There were two primary objectives of this study. The first was to compare the unemployment rate and depressive
symptoms during the COVID-19 pandemic between adults with and without ADHD symptoms. The second was to
measure change from before to during the COVID-19 pandemic in work productivity and QOL in adults with and
without ADHD symptoms. In addition, an exploratory objective was to evaluate the relationship between scores in the
Adult ADHD Self-Report Scale (ASRS) v1.1?* and work productivity, QOL, and depressive symptoms using post hoc

analyses.

Materials and Methods

Study Design

This observational study utilised baseline data from a Medilead Healthcare Panel (MHP; Medilead, Inc.) collected before
the COVID-19 pandemic, followed by targeted surveying of eligible panel participants. Survey 1 (before the COVID-19
pandemic; October—December 2019; baseline data) measured demographics, QOL, and work productivity. Survey 2
(during the COVID-19 pandemic; March 2021) included a screening phase (Survey 2, Part 1) and QOL, mental health,
and work productivity questions (Survey 2, Part 2). This research complied with the principles of the Japanese Ethical
Guidelines for Medical and Health Research Involving Human Subjects. Study approval was obtained from the MINS
Research Ethics Committee (MINS-REC-210210, approved March 4, 2021). Informed consent was obtained from
respondents using a web form at the beginning of the survey; all responses were anonymized.
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Survey Variables and Measurement Scales
Survey 1 included demographics, a Japanese translation of the EuroQol 5-dimensions 5-levels (EQ-5D-5L) scale,*”*°
and a Japanese translation of the Work Productivity and Activity Impairment (WPAI) scale.”” Survey 2, Part 1 included
demographics, employment status, hospitalization status within the past year, and the ASRS. Employment status was
categorized as regular or non-regular (part-time, dispatch, or short-term contract). Survey 2, Part 2 included the WPAI,
the EQ-5D-5L, and the Japanese-language version of the Patient Health Questionnaire (PHQ-9) for depressive
symptoms.?®%°
All measurement scales used in this study are well established and validated in English.?>*”*® The Japanese-language
version of the PHQ-9 has been validated,”® and Japanese population norms have been established for the EQ-5D-5L.%¢
High PHQ-9 scores indicate more depressive symptoms,”® and low EQ-5D-5L index scores indicate poor QOL.*> The
WPALI survey is used to calculate four scores: absenteeism (percentage of time absent from work), presenteeism
(percentage of time affected while at work), total work productivity impairment (absenteeism plus presenteeism), and
total activity impairment (percentage of time affected outside the workplace). WPAI scores are reported as the percentage

of time affected by participants’ disease/disorder, and a high impairment percentage indicates low productivity.*’

Study Population
Participants from an MHP who responded to work productivity and QOL questions in Survey 1 and met selection criteria
were targeted for Survey 2 (Supplementary Figure 1). Eligible participants were employed adults (>20 years of age) with

no history of ADHD diagnosis or hospital treatment for ADHD within the previous year. Diagnosed and/or treated
ADHD patients were excluded because this study focused on undiagnosed adults with ADHD symptoms.

At the time of Survey 2, essential workers employed by medical institutions (hospital/clinic, pharmacy) were
excluded because of potential bias if medically knowledgeable participants identified that the ASRS measured ADHD
symptoms. Participants were categorized as adults with ADHD symptoms (ASRS-positive; ASRS Part A score >4) or
without ADHD symptoms (ASRS-negative; ASRS Part A score <4). The target number of respondents with ADHD
symptoms was set to 1000, as a practical, achievable number, and inclusion of respondents was stopped once this target
was reached. Participants without ADHD symptoms were matched 1:1 to those with ADHD symptoms by sex, age, and
occupation once the target number of participants with ADHD symptoms was reached. Participants in both groups
completed Survey 2, Part 2.

Statistical Analysis
Baseline demographic and work characteristics were analyzed using chi-square (categorical variables) or Wilcoxon rank sum
(continuous variables) tests. Chi-square tests were used to compare the work situations of adults with and without ADHD
symptoms during the COVID-19 pandemic. Wilcoxon rank sum tests were used to compare WPAI and EQ-5D-5L index
scores between those with and without ADHD symptoms across employment types (regular/non-regular) before and during
the COVID-19 pandemic and PHQ-9 scores between groups across employment types during the pandemic.
Post hoc analyses of Survey 2 data were Kendall rank correlations of ASRS scores with each outcome variable, and
linear regression analyses, with each outcome as the objective variable and ASRS score as the explanatory variable.
All analyses were conducted with R, version 4.0.2. Significance was assumed at the p<0.05 level. All statistical tests
were two-sided.

Results

Demographic and Baseline Clinical Characteristics

Among 47,900 individuals who completed the ASRS questionnaire, 1126 were identified as having ADHD symptoms
(Supplementary Figure 1). These individuals were matched by sex, age, and occupation to 1116 individuals without ADHD
symptoms; 10 participants with ADHD symptoms could not be matched. Of these 2242 individuals, 1891 (949 with and 942
without ADHD symptoms) completed Survey 2, Part 2 (Figure 1). Participants were predominantly male (with ADHD
symptoms 70.8%; without ADHD symptoms 71.5%) with a mean age of 46.7 years (Table 1). Participants with ADHD
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ASRS screening

N=1891
With ADHD symptoms Without ADHD symptoms
(ASRS score 24) (ASRS score <4)
N=949 N=942
Regular Non-regular Regular Non-regular
employment? employment? employment? employment?
N=713 N=191 N=719 N=181

Figure | Grouping of survey participants for statistical analyses. Among those with ADHD symptoms, 45 participants were in neither regular nor non-regular work; among
those without ADHD symptoms, 42 participants were in neither regular nor non-regular work.

Notes: *Regular employment was defined as permanent, full-time work. ®Non-regular employment was defined as part-time, dispatch, or short-term contract employment.
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASRS, Adult ADHD Self-Report Scale.

symptoms were more likely than those without to have ever been married (65.5% vs 60.7%, p=0.034) and to be university
graduates (60.6% vs 54.8%, p=0.012), but less likely to be engaged in discretionary work (61.4% vs 68.2%, p=0.003). Annual
income, days per week worked, and days worked from home were similar in participants with and without ADHD symptoms.

Table | Baseline Demographic Data and Work Characteristics

Variable With ADHD Symptoms Without ADHD Symptoms Overall p value
(N=949) (N=942) (N=1891) (* Test)
Male, n (%) 672 (70.8) 674 (71.5) 1346 (71.2) 0.761
Age, years, mean (SD) 46.8 (10.7) 46.6 (10.3) 46.7 (10.5) 0.562°
Marital status, n (%)
Never been married 327 (34.5) 370 (39.3) 697 (36.9) 0.034
Have been married® 622 (65.5) 572 (60.7) 1194 (63.1)

Highest education level
reached, n (%)

Pre-university© 374 (39.4) 426 (45.2) 800 (42.3) 0.012
University graduate® 575 (60.6) 516 (54.8) 1091 (57.7)
Annual income, million yen, n=850 n=800 n=1650
n (%)
<l 86 (10.1) 62 (7.8) 148 (9.0) 0.117
14 412 (48.5) 395 (49.4) 807 (48.9)
4-10 298 (35.1) 273 (34.1) 571 (34.6)
=10 54 (6.4) 70 (8.8) 124 (7.5)
Engaged in permanent work n=904 n=900 n=1804
Current work style, n (%)
Discretionary work® 555 (61.4) 614 (68.2) 1169 (64.8) 0.003
Non-discretionary work | 349 (38.6) 286 (31.8) 635 (35.2)
Number of days worked 4.93 (0.87) 4.95 (0.76) 4.94 (0.81) 0.701%
per week, mean (SD)
Number of days WFH per | .15 (1.83) 1.20 (1.90) 1.18 (1.87) 0.948*

week, mean (SD)

Notes: °p value from Wilcoxon rank sum test. ®Includes widowed and divorced. “Includes graduates of junior high school, high school, college of technology, vocational
school, and junior college. “Includes university graduates and those who have completed graduate school. ®Discretionary work was defined as work with minimal direct
instruction from a manager/boss.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; SD, standard deviation; WFH, working from home.
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Employment Status

During the COVID-19 pandemic (Survey 2), 1.2% of participants with and 1.7% of participants without ADHD
symptoms were unemployed (Table 2), with no significant difference between groups (p=0.427). However, the work
situation of participants with ADHD symptoms during the COVID-19 pandemic was significantly different from that of
participants without ADHD symptoms (p=0.039): more participants with ADHD symptoms than participants without
ADHD symptoms were furloughed (“waiting at home” due to temporary business closures; 3.6% vs 2.8%) or had
reduced working hours (12.2% vs 8.7%). Among participants who were unemployed, furloughed, or working reduced
hours, 73.3% reported that this work situation was due to the COVID-19 pandemic, with no difference between those
with and without ADHD symptoms.

Overall, 208 participants (11.2%) had changed employers or had a job transfer with the same employer since
December 2019 (the end of Survey 1) (Table 2). More participants with than without ADHD symptoms changed
employers or had a job transfer (6.4% vs 3.8% and 7.5% vs 4.6%, respectively; p<0.001). Of those who changed
employers or had a job transfer, 35.4% of those with ADHD symptoms and 26.9% of those without ADHD symptoms
reported that this was due to the COVID-19 pandemic; however, the difference between groups was not significant.

Depressive Symptoms

During the COVID-19 pandemic, depressive symptoms were greater in participants with ADHD symptoms than in
participants without ADHD symptoms (Figure 2A; p<0.001). This pattern was observed both overall and within the
employment subgroups. PHQ-9 scores were positively correlated with ASRS scores, suggesting there were more
depressive symptoms in participants with more ADHD symptoms (Supplementary Figure 2A; p<0.001).

Longitudinal Changes in Work Productivity and QOL

All WPAI scores were lower during the COVID-19 pandemic than before the pandemic (Figure 2B), indicating improved
productivity in work and daily life in participants both with and without ADHD symptoms. During the COVID-19
pandemic, all WPAI scores were significantly positively correlated with ASRS scores, which may indicate that people
with more ADHD symptoms had lower productivity (Supplementary Figure 2B—E; p<0.001 for all correlations; Kendall

rank correlation coefficients ~0.12—0.24 and r* values ~0.01-0.08). The changes in WPAI scores between surveys were

Table 2 Work Situation During the COVID-19 Pandemic

With ADHD Without ADHD | Overall p value
Symptoms Symptoms (o Test)
Employment status, n (%) n=949 n=942 N=1891
Employed 938 (98.8) 926 (98.3) 1864 (98.6) 0.427
Unemployed I (1.2) 16 (1.7) 27 (1.4)
Current work situation, n (%) n=949 n=942 N=1891
Usual working hours (including WFH) 788 (83.0) 818 (86.8) 1606 (84.9) 0.039
Reduction of working days/working hours 116 (12.2) 82 (8.7) 198 (10.5)
Furloughed® 34 (3.6) 26 (2.8) 60 (3.2)
Unemployed I (1.2) 16 (1.7) 27 (1.4)
Total unemployed, furloughed, or with reduced hours, n (%) | n=161 n=124 N=285
Work situation has changed due to COVID-19 122 (75.8) 87 (70.2) 209 (73.3) 0.354
Changed or transferred job since December 2019, n (%) n=938 n=926 N=1864
No change 808 (86.1) 848 (91.6) 1656 (88.8) <0.001
Transfer® 70 (7.5) 43 (4.6) 113 (6.1)
Changed job/employer 60 (6.4) 35 (3.8) 95 (5.1)
Total job/employer changes and transfers, n (%) n=130 n=78 N=208
Job change or transfer was due to COVID-19 46 (35.4) 21 (26.9) 67 (32.2) 0.267

Notes: *Literally “waiting at home” (measures associated with closure of businesses). Any transfer within the same company/employer. This could include transfer to
a different office/location or transfer to a different department at the same location.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; WFH, working from home.
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Figure 2 Depressive symptoms (PHQ-9 scores), work productivity (WPAI scores), and QOL (EQ-5D-5L index scores) in adults with and without ADHD symptoms. (A)
Depressive symptoms during the COVID-19 pandemic. (B) Productivity and QOL before and during the COVID-19 pandemic. (C) Change in productivity and QOL
between surveys. Values shown are mean * SD.

Notes: Significant differences between, before, and during the COVID-19 pandemic: **p<0.001; significant differences between participants with and without ADHD
symptoms: *#p<0,001.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; EQ-5D-5L, EuroQol 5-dimensions 5-levels; PHQ-9, Patient Health Questionnaire; QOL, quality of life; SD,
standard deviation; WPAI, Work Productivity and Activity Impairment.
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not different between participants with and without ADHD symptoms (Figure 2C). The data analyzed by employment
type were consistent with this pattern: WPAI scores were significantly lower during the COVID-19 pandemic than before
the pandemic in participants with and without ADHD symptoms in both regular and non-regular employment
(Figure 3A), and the changes in WPAI scores were not different between participants with and without ADHD symptoms
in both regular and non-regular employment (Figure 3B).

QOL scores were not affected by the COVID-19 pandemic. No differences in EQ-5D-5L scores were observed
between surveys in participants with or without ADHD symptoms (Figure 2B), including when employment type was
considered (Figure 3A).

Non- Non- Non- Non- Non-
Regular regular  Regular regular Regular regular Regular regular Regular regular

work work work work work work work work work work

EQ-5D-5L score

Percentage of impairment (WPAI)

WPAI WPAI WPAI WPAI
absenteeism presenteeism total work total activity
impairment impairment
. With ADHD symptoms % With ADHD symptoms D Without ADHD symptoms V/ Without ADHD symptoms
before the pandemic " during the pandemic before the pandemic = during the pandemic

Non- Non- Non- Non- Non-

Regular regular Regular regular Regularregular Regular regular Regular regular

60 - work work  work  work work work work work 0.4 4 Work  work

40 -

o
N
1

20 1

Change in
EQ-5D-5L score
o
o

|
o
N

1

Change in
percentage of impairment
o

WPAI WPAI WPAI WPAI EQ-5D-5L
absenteeism presenteeism total work  total activity
impairment impairment

—60 -

- With ADHD symptoms I:l Without ADHD symptoms

Figure 3 Work productivity (WPAI scores) and QOL (EQ-5D-5L index scores) in adults with and without ADHD symptoms, stratified by employment type (regular or
non-regular work). (A) Productivity and QOL before and during the COVID-19 pandemic; p<0.001 for all comparisons between participants with and without ADHD
symptoms, except absenteeism during the pandemic in non-regular employment, for which p=0.023. (B) Change in productivity and QOL between surveys. Values shown
are mean * SD.

Notes: Significant differences between, before, and during the COVID-19 pandemic: **p<0.01, ***p<0.001.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; EQ-5D-5L, EuroQol 5-dimensions 5-levels; QOL, quality of life; SD, standard deviation; WPAI, Work
Productivity and Activity Impairment.
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Cross-Sectional Differences in Work Productivity and QOL

Both before and during the COVID-19 pandemic, participants with ADHD symptoms had significantly higher WPAI
scores than participants without ADHD symptoms (Figure 2B, p<0.001 for all between-group comparisons),
regardless of whether in regular employment or non-regular employment (Figure 3A, p<0.001 for all between-
group comparisons except absenteeism during the pandemic in non-regular employment, for which p=0.023). Mean
EQ-5D-5L scores were significantly lower in participants with ADHD symptoms than those without ADHD
symptoms (Figure 2B, p<0.001), regardless of employment type (Figure 3A, p<0.001), indicating poorer QOL in
the group with ADHD symptoms. EQ-5D-5L scores were weakly but significantly negatively correlated with ASRS
scores (Supplementary Figure 2F; p<0.001; Kendall rank correlation coefficient —0.24, r* value 0.07).

Discussion

This study describes work productivity, QOL, and mental health of Japanese adults without an ADHD diagnosis but with
and without ADHD symptoms and the impact of changes in working conditions due to the COVID-19 pandemic. In
many countries, the COVID-19 pandemic has been associated with substantial unemployment, accompanied by detri-
mental effects on mental health.”® In Japan, despite decreased employment during the COVID-19 pandemic,’’
population unemployment was only 2.7% in March 2021, when Survey 2 was conducted.’ In this study, the unemploy-
ment rate was not different between undiagnosed participants with ADHD symptoms (1.2%) and participants without
ADHD symptoms (1.7%). However, there was a significant difference between adults with and without ADHD
symptoms with respect to overall changes in their work situation during the pandemic: more people with ADHD
symptoms were working fewer hours or were furloughed. In addition, a greater percentage of participants with than
without ADHD symptoms changed employers or transferred jobs during the pandemic. It has been suggested that
individuals with ADHD experience internal restlessness and frustration that may lead to frequent job changes even in
non-pandemic times,”” and it seems plausible that the COVID-19 pandemic may have exacerbated the existing employ-
ment instability of undiagnosed Japanese people with ADHD symptoms. Although these changes in jobs or employers
may sometimes reflect increased success, the Japan Ministry of Health Labour and Welfare reported that “bad working
conditions” and “unfavourable relationships in the workplace” are more common reasons to change jobs than career
advancement among Japanese workers, based on the Employment Trend Survey conducted in 2018.>* The relationship
between workplace social factors and job changes in Japanese adults with ADHD symptoms may need further
investigation.

Undiagnosed adults with ADHD symptoms experienced more depressive symptoms during the COVID-19 pandemic than
adults without ADHD symptoms. The highest mean PHQ-9 score (9.5) was in participants with ADHD symptoms in non-
regular employment (Figure 2A), which was slightly lower than that (10.9) reported by British adults with diagnosed ADHD
during the COVID-19 lockdown.?° Overall, PHQ-9 scores in adults with ADHD symptoms were in the mild to moderate range
(~9-10), compared with the minimal range scores (<4) of participants without ADHD symptoms, indicating that adults with
ADHD symptoms need mental health support. In an earlier study from the United States (US), undiagnosed adults with
ADHD symptoms were more likely to have experienced depression in the previous 12 months than a matched cohort with
diagnosed ADHD.*®> The diagnosed cohort also experienced better QOL, work productivity, and self-esteem than the
undiagnosed group.>® Possible interventions to improve mental health and workplace productivity in people with ADHD
symptoms could include public health messaging promoting awareness of both adult ADHD and depression and collaboration
between occupational physicians and psychiatrists to promote appropriate diagnosis and treatment of adult ADHD.

Before the COVID-19 pandemic, adults with ADHD symptoms had poorer productivity and work QOL than those
without ADHD symptoms (Figure 2B), consistent with British and Japanese adults with diagnosed ADHD.** For
participants with ADHD symptoms, 16.9% of work time was lost to absenteeism before the COVID-19 pandemic,
similar to the 17.8% reported in Japanese adults with diagnosed ADHD.* The current cohort of people with ADHD
symptoms had less presenteeism impairment (32.3%), total work impairment (41.7%), and total activity impairment
(32.8%) than Japanese adults with diagnosed ADHD (58.2%, 64.7%, and 59.2%, respectively).* The lower impairment
scores in the current study may reflect the fact that our study targeted adults with ADHD symptoms who had not been
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diagnosed with ADHD; therefore, adults with more severe ADHD symptoms may have been excluded from the study.
However, in US adults with ADHD symptoms, although absenteeism scores were similar (16.7%), impairment scores
were higher than in the present study (44.5%, 49.2%, and 53.0% for presenteeism, total work impairment, and total
activity impairment, respectively).* In the current study, before the COVID-19 pandemic, EQ-5D-5L index scores were
0.80 and 0.89 in participants with and without ADHD symptoms, respectively, consistent with 0.74 for adults with
diagnosed ADHD in the UK and the UK population norm of 0.86.> However, US adults with ADHD symptoms had
a lower average EQ-5D-5L index score of 0.70.% Of note, baseline characteristics differed between the two studies,
including age, sex, race, highest educational level, and socioeconomic factors. In addition, the definition of adults with
ADHD symptoms differs between this study (ASRS Part A score >4) and the US study (ASRS score >5 among either the
9 inattentive symptoms or 9 hyperactive/impulsive symptoms),*® which may have contributed to differences in WPAI and
QOL results.

In the current study, regardless of employment type (regular or non-regular), productivity improved during the
COVID-19 pandemic and QOL was unaffected in adults with ADHD symptoms (Figure 3A). Improvement in produc-
tivity during the pandemic was unexpected. However, it is consistent with qualitative descriptions of the impact of the
first SOE period on four Japanese adults with diagnosed ADHD, in which all interviewees used at least some
productivity-based language (eg, “effortless time management”, “successful assignment”, “my own pace”) to describe
positive aspects of working during the pandemic.>’ In a survey of Japanese workers generally (ie, not specifically those
with diagnosed ADHD or ADHD symptoms) later in the pandemic (November—December 2020), many found it easier to
concentrate at work and to refresh after work when WFH than when working in an office.®® Therefore, improved
productivity during the pandemic in our study may have been influenced by WFH. Productivity also increased in people
without ADHD symptoms, with no difference in the change in productivity between those with and without ADHD
symptoms (Figures 2C, 3B). Thus, adults with ADHD symptoms still experienced substantial work-related burdens
during the pandemic.

In the current study, people with ADHD symptoms showed some demographic features (eg, education level and
marital status) different from previous studies of adults diagnosed with ADHD.**° One possible reason is that because
people with a confirmed diagnosis of ADHD were excluded, the ASRS-positive group may have included an over-
representation of people with high scores for ADHD symptoms but low functional impairment. If this is the case, then it
is possible that people diagnosed with ADHD, who presumably have greater functional impairment, may have been more
affected by the pandemic than the results of our study suggest.

When analyzed as a continuous variable, ASRS scores significantly correlated with WPAI productivity scores, QOL,
and PHQ-9 (Supplementary Figure 2). However, the associations between ASRS and QOL and between ASRS and
WPALI scores were relatively weak, with low correlation coefficients and small 1* values. By contrast, the relationship

between ASRS and PHQ-9 scores was stronger, with a Kendall rank correlation coefficient of 0.353 and an 2 of 0.194;
this was consistent with the reported correlation between the Beck Depression Inventory scale and the ASRS.*
Correlations between ASRS scores and depression scales suggest physicians could potentially start supporting adults
with ADHD symptoms earlier by paying attention to their scores in other clinical scales, such as the PHQ-9, and
considering whether adult ADHD may be contributing to higher depression scale scores.

The COVID-19 pandemic offered a unique opportunity to study how changes in working conditions affect people
with and without ADHD symptoms. To our knowledge, this was the first study to investigate the impact of the
pandemic on the work and mental health domains of undiagnosed Japanese adults with self-reported ADHD
symptoms. While this study was characterized by strengths, including the large sample size and the use of well-
established scales for work productivity, depressive symptoms, and QOL, there were also several limitations. Because
a web-based panel was used to recruit participants, there was a selection bias toward people with access to computers
and smartphones; the panel members may also have had higher health awareness than the general Japanese
population. Furthermore, survey questions relating to past events may have been subject to recall bias. The analysis
included multiple comparisons without multiplicity adjustments, leading to the possibility of type 1 errors. The study
did not exclude the possibility that comorbidities with ADHD symptoms may have contributed to measured out-
comes. For example, symptoms of inattention and hyperactivity measured by the ASRS may be associated with
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untreated depression, insomnia, and other disorders, which may have been exacerbated or newly experienced during
the COVID-19 pandemic. Thus, the burdens discussed in this article may have been influenced by other disorders.
However, the data still provide insights into the pandemic’s impact on people who experienced inattention or
hyperactivity symptoms during this time. Finally, the study design included only one survey during the COVID-19
pandemic. Additional surveys in other phases of the COVID-19 pandemic might have provided additional insights
into how adults with ADHD symptoms adjust to a changed working situation.

Conclusions

In conclusion, undiagnosed Japanese adults with ADHD symptoms were more likely than those without ADHD
symptoms to be furloughed or have reduced working hours. Although there was no difference in unemployment rates
between people with and without ADHD symptoms, those with ADHD symptoms were more likely to change employers
or transfer jobs during the COVID-19 pandemic. Adults with ADHD symptoms had lower work productivity, poorer
QOL, and more depressive symptoms than adults without ADHD symptoms, both before and during the COVID-19
pandemic. Adults with and without ADHD symptoms improved their work productivity and had no change in QOL
during the pandemic, but adults with ADHD symptoms continued to experience more work-related burdens during the
pandemic. The results of this study suggest that people with ADHD symptoms potentially require additional support to
reduce their work-related burdens.
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