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Purpose: Our previous study suggested that working conditions might impact work productivity amid the COVID-19 pandemic. This 
study aimed to investigate the association between working from home (WFH) and depressive symptoms, work productivity, and quality 
of life (QOL), in undiagnosed workers with attention-deficit/hyperactivity disorder (ADHD) symptoms during the COVID-19 pandemic.
Methods: During the pandemic, the survey was conducted among eligible workers with (N = 904) and without (N = 900) ADHD 
symptoms based on the Adult ADHD Self-Report Scale [ASRS]. Each group was further stratified by working conditions (full 
working on-site [FWOS], hybrid, full WFH [FWFH]). Two-way ANOVA was performed to investigate the impact of WFH on 
depressive symptoms (Patient Health Questionnaire [PHQ-9] score), work productivity (Work Productivity and Activity Impairment 
scale [WPAI] scores), and QOL (EuroQol 5-Dimensions 5-Levels [EQ-5D-5L] score). The Tukey–Kramer test was used to assess 
differences between the stratified subgroups. Poisson and multiple regression analyses were also performed to assess the factors 
associated with these outcomes.
Results: Other than PHQ-9 score between FWOS and hybrid work in workers with ADHD symptoms (p < 0.05), no significant 
differences were observed in outcomes among the working condition subgroups in both workers with and without ADHD symptoms. 
In workers with ADHD symptoms, hybrid work and FWFH were significantly associated with a lower PHQ-9 score (hybrid, p < 
0.001; FWFH, p < 0.05) but neither were significantly associated with WPAI score nor EQ-5D-5L. Annual income and discretionary 
work were significantly associated with a lower PHQ-9 score and a higher EQ-5D-5L score in workers with ADHD symptoms. Job 
type (manufacture/construction) was significantly associated with a lower presenteeism score.
Conclusion: WFH (hybrid and FWFH) may be associated with lower depressive symptoms compared with FWOS in undiagnosed 
workers with ADHD symptoms. The findings may be useful when considering suitable working environments for workers especially 
with ADHD symptoms.
Keywords: depressive symptoms, hybrid work, quality of life, undiagnosed ADHD, work productivity, working condition

Introduction
Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder affecting both children and adults.1 

Previous studies have suggested that children with ADHD and who performed poorly at school were at risk of negative 
consequences such as school dropout,2 reduced future opportunities for education and employment, social difficulties, and 
lower self-esteem.3 ADHD symptoms are associated with poor academic performance, which is also influenced by 
depressive symptoms.4 Not only in childhood but also in adulthood, ADHD symptoms negatively impact daily life and 
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activities, particularly academic achievement, and professional/working life.5 Health-related work impairment and 
decreased work productivity in adult workers with ADHD have been reported worldwide, in countries including Japan,6 

the US,7,8 and the UK.9 Also, adult ADHD symptoms may impair work productivity, QOL, and mental well-being.10

Moreover, adult ADHD is commonly associated with comorbidities such as depression, anxiety,4 sleep difficulty, 
substance use, and personality disorders,5,11,12 which may limit educational and occupational options. Nevertheless, gaps 
remain in the diagnosis and treatment of ADHD among the adult population.11,12

Although adults with ADHD can pursue many careers, the suitability of specific jobs may depend on their symptoms, 
coping strategies, personal strengths, and environment.13 For example, symptoms of inattention may be a burden for certain 
types of jobs that required sustained concentration; however, other types of jobs, such as those requiring creative thinking, 
may be a better option for individuals who have combined (both inattention and hyperactivity) ADHD symptoms.14

The recent COVID-19 pandemic has affected peoples’ daily and work life owing to restrictions implemented for 
social distancing, including working from home (WFH). Lockdowns have negatively impacted the quality of life (QOL) 
and mental well-being of children, adolescents,15,16 and adults.17–20 It has been estimated that these countermeasures may 
increase unemployment and suicide rates in adults.21 Besides layoffs, bankruptcy/collapse in businesses, and reduced 
working hours, one of the most drastic changes in the work environment due to the COVID-19 pandemic is WFH, which 
has been rapidly and widely adopted in various work settings.

During COVID-19, adults with ADHD have shown emotional and sleeping difficulties, stress and anxiety, and lower 
physical and psychological QOL.22,23 Additionally, undiagnosed adults with ADHD symptoms have also experienced 
difficulties during the COVID-19 pandemic, such as increased mistakes and decreased productivity or missed 
deadlines.24 Identifying the difficulties faced by undiagnosed adults who have some ADHD symptoms may allow for 
early intervention and treatment to improve their situation amid the COVID-19 pandemic.

Previously, we reported that work productivity significantly improved during the pandemic in both adults with and 
without ADHD symptoms compared with that before the COVID-19 pandemic.25 This result suggests that certain factors 
might have affected work productivity. For example, working conditions, such as WFH may affect work productivity by 
providing benefits to some adults in dealing with their ADHD symptoms through fewer distractions and increased focus 
in optimal home settings. Identifying how work environment-related factors affect work productivity is important not 
only for the COVID-19 pandemic but also for similar situations that might occur in the future. This knowledge would be 
particularly useful for workers with ADHD symptoms and provide valuable insights to lead a better life.

To the best of our knowledge, there have been no studies that identify the factors influencing worker’s mental well- 
being, work productivity, and QOL during the COVID-19 pandemic period, with a focus on working conditions 
especially workers with ADHD symptoms. Therefore, in this study, we focused on working conditions, particularly 
WFH, during the pandemic and aimed to clarify whether working conditions are associated with mental well-being, work 
productivity, and QOL among adult workers with and without ADHD symptoms.

Materials and Methods
Study Design and Ethics
This is a post-hoc study of a previously published web-based survey.25 Survey 1 (demographics, work productivity, and 
QOL questionnaires) was conducted in Oct–Dec 2019 (before the COVID-19 pandemic), and Survey 2 (screening for 
ADHD symptoms, depressive symptoms, work productivity, and QOL questionnaires) was conducted in March 2021 
(during the COVID-19 pandemic). Data from a Medilead Healthcare Panel (MHP; Medilead, Inc.) collected in Survey 2 
were used for this post-hoc analysis. For Survey 2, the participants were asked to answer the questionnaires in relation to 
their status and condition during the emergency state in Japan between 16 April 2020 and 25 May 2020.

This surveillance was conducted in accordance with the principles of the Japanese Ethical Guidelines for Medical and 
Health Research Involving Human Subject, and the surveillance protocol was approved by the MINS Research Ethics 
Committee (MINS-REC-210210, approved March 4, 2021). Informed consent was obtained from all participants using 
a web form at the beginning of the survey and all responses were anonymized.
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Study Participants
The study population was the same as the previously published study25 except for unemployed adults who were excluded 
from this post-hoc analysis. Briefly, eligible participants were employed adults aged ≥20 years who completed Survey 2. 
Participants who were diagnosed with ADHD or had received ADHD treatment within 1 year before the study were 
excluded. Medical professionals were also excluded because they were essential workers who likely had increased work 
demands and who have medical knowledge and may understand the purpose of the questionnaire.

As previously reported, 187,596 respondents were invited for the screening survey. Of 47,900 eligible participants 
who completed the Japanese version of the Adult ADHD Self-Report Scale-v1.1 (ASRS-V1.1) screener (Part A),26 1126 
(2.35%) were identified as undiagnosed participants with ADHD symptoms, and 1116 participants without ADHD 
symptoms were selected as matched cohort by sex, age, and job type. Of 1891 participants who completed Survey 2, 87 
(4.6%) unemployed participants were excluded. Therefore, 1804 employed participants were included in this post-hoc 
analysis (with ADHD symptoms, 904 [50.1%]; without ADHD symptoms, 900 [49.9%]). Hence, the participant 
demographics between these groups were generally similar in this study (Table 1).

Statistical Analysis
In this report, two statistical analyses were planned to assess primary clinical questions: 1) whether working conditions (ie, 
WFH) are associated with depressive symptoms, work productivity, and QOL levels in workers with and without ADHD 
symptoms (using 2-way ANOVA); 2) Poisson and multiple regression analyses were conducted to identify factors 
associated with these outcomes and for robustness of these results in light of covariates and potential confounding factors.

Measurement Scales
The Japanese version of the ASRS-V1.1 screener (Part A)26 was used to categorize participants having ADHD symptoms 
(ASRS-positive; ASRS Part A score ≥4) and those without ADHD symptoms (ASRS-negative; ASRS Part A score <4).26 

The Japanese version of the Patient Health Questionnaire (PHQ-9)27 was used to assess depression levels, where a high 
score indicates more severe depression symptoms.28 A Japanese translation of the Work Productivity and Activity 
Impairment (WPAI) scale was used to assess work productivity as previously described.25 This scale consists of four 
categories: presenteeism, absenteeism, total work impairment (TWI) and total activity impairment (TAI), and denotes the 
percentage of time affected; therefore, a high score indicates low work productivity.29 The Japanese version of EuroQol 
5-dimensions 5-levels (EQ-5D-5L) scale30 was used to assess QOL, where a higher score indicates better QOL. All 
measurement scales used in this study are well established and validated in English.28,29,31 The Japanese-language 
version of the PHQ-9 has been validated,27 and Japanese population norms have been established for the EQ-5D-5L.30

Variables
Working conditions were categorized as full working-on-site (FWOS, 0% WFH), hybrid work, full WFH (FWFH, 100% 
WFH) by calculating the ratio: days of WFH per week/weekly working days. Other information collected for analysis 
included ASRS Part A score, sex, age, marital status, highest education level, annual income, and other information 
related to participant work conditions (refer to covariates below and Table 1).

Analysis Methods and Modeling
Descriptive statistics are used for participant demographics and characteristics stratified by presence of ADHD symptoms 
and by working conditions. Continuous variables were summarized by the stratified group as means with standard 
deviations (SDs). Categorical variables were treated as frequencies and proportions.

Two-way ANOVA was used to assess the association of working conditions (FWOS, hybrid work, FWFH) with 
depression severity (PHQ-9), work productivity (presenteeism, absenteeism, TWI, TAI), and QOL (EQ-5D-5L) in 
workers with and without ADHD symptoms. The association between ADHD symptoms (ASRS positive or negative) 
and these outcomes were also assessed. Statistical significance between subgroups of working conditions in workers 
with/without ADHD symptoms was also assessed using the Tukey–Kramer test. Poisson regression was used to assess 
factors associated with depression severity, given that the PHQ-9 score is expressed as integers only. Multiple regression 
models were used to assess factors associated with work productivity and QOL.
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Table 1 Participant Demographics and Characteristics by Working Conditions

With ADHD Symptoms (N = 904) Without ADHD Symptoms (N = 900)

Characteristic FWOS Hybrid FWFH FWOS Hybrid FWFH
n = 576 n = 226 n = 102 n = 586 n = 188 n = 126

Proportion of workers by ADHD symptom status, % 63.7 25.0 11.3 65.1 20.9 14.0

Ratio of WFH, mean (SD) 0.0 (0.0) 0.5 (0.2) 1.0 (0.0) 0.0 (0.0) 0.5 (0.2) 1.0 (0.0)

ASRS (Part A) score, mean (SD) 4.6 (0.8) 4.7 (0.8) 4.6 (0.8) 1.0 (1.2) 1.3 (1.2) 1.0 (1.2)

Male, n (%) 381 (66.1) 183 (81.0) 80 (78.4) 401 (68.4) 149 (79.3) 91 (72.2)

Age, years, mean (SD) 46.4 (10.3) 47.5 (10.3) 48.2 (12.5) 46.4 (10.1) 46.1 (10.3) 48.3 (10.7)

Marital status, n (%)

Never been married 203 (35.2) 61 (27.0) 39 (38.2) 221 (37.7) 68 (36.2) 64 (50.8)

Have been marrieda 373 (64.8) 165 (73.0) 63 (61.8) 365 (62.3) 120 (63.8) 62 (49.2)

Highest education level reached, n (%)

Pre-universityb 273 (47.4) 52 (23.0) 31 (30.4) 314 (53.6) 45 (23.9) 45 (35.7)

University graduatec 303 (52.6) 174 (77.0) 71 (69.6) 272 (46.4) 143 (76.1) 81 (64.3)

Annual income, million JPY, n (%)

<1 58 (10.1) 2 (0.9) 11 (10.8) 42 (7.2) 4 (2.1) 12 (9.5)

1–4 244 (42.4) 39 (17.3) 26 (25.5) 214 (36.5) 32 (17.0) 33 (26.2)

4–10 192 (33.3) 143 (63.3) 48 (47.1) 210 (35.8) 101 (53.7) 52 (41.3)

≥10 21 (3.6) 24 (10.6) 7 (6.9) 33 (5.6) 29 (15.4) 5 (4.0)

Unknown 61 (10.6) 18 (8.0) 10 (9.8) 87 (14.8) 22 (11.7) 24 (19.0)

Employment type, n (%)

Regular work 410 (71.2) 210 (92.9) 93 (91.2) 442 (75.4) 172 (91.5) 105 (83.3)

Non-regular work 166 (28.8) 16 (7.1) 9 (8.8) 144 (24.6) 16 (8.5) 21 (16.7)

Number of working days per week, mean (SD) 4.9 (0.9) 5.0 (0.4) 5.0 (1.1) 4.9 (0.8) 5.0 (0.4) 5.0 (0.9)

Work style, n (%)

Discretionary workd 305 (53.0) 168 (74.3) 82 (80.4) 352 (60.1) 156 (83.0) 106 (84.1)

Non-discretionary work 271 (47.0) 58 (25.7) 20 (19.6) 234 (39.9) 32 (17.0) 20 (15.9)

Reduced working hours, n (%)

Yes 61 (10.6) 47 (20.8) 8 (7.8) 43 (7.3) 32 (17.0) 7 (5.6)

No 515 (89.4) 179 (79.2) 94 (92.2) 543 (92.7) 156 (83.0) 119 (94.4)

Job change/transfer, n (%)

Yes 73 (12.7) 40 (17.7) 13 (12.7) 33 (5.6) 28 (14.9) 8 (6.3)

No 503 (87.3) 186 (82.3) 89 (87.3) 553 (94.4) 160 (85.1) 118 (93.7)

Job type, n (%)

Business/Marketing 58 (10.1) 36 (15.9) 11 (10.8) 65 (11.1) 39 (20.7) 10 (7.9)

Administration 131 (22.7) 67 (29.6) 21 (20.6) 141 (24.1) 53 (28.2) 24 (19.0)

Service/Sales 78 (13.5) 11 (4.9) 4 (3.9) 80 (13.7) 6 (3.2) 6 (4.8)

Planning/Creative 12 (2.1) 23 (10.2) 6 (5.9) 8 (1.4) 15 (8.0) 16 (12.7)

Technical 68 (11.8) 55 (24.3) 23 (22.5) 63 (10.8) 45 (23.9) 33 (26.2)

Manufacture/Construction 87 (15.1) 8 (3.5) 2 (2.0) 82 (14.0) 7 (3.7) 4 (3.2)

Specialiste 32 (5.6) 5 (2.2) 9 (8.8) 27 (4.6) 9 (4.8) 10 (7.9)

Management/Operation 23 (4.0) 11 (4.9) 11 (10.8) 28 (4.8) 10 (5.3) 8 (6.3)

Others 87 (15.1) 10 (4.4) 15 (14.7) 92 (15.7) 4 (2.1) 15 (11.9)

Notes: aIncludes widowed and divorced. bIncludes graduates of junior high school, high school, college of technology, vocational school, and junior college. cIncludes university 
graduates and those who have completed graduate school. dDiscretionary work was defined as work with minimal direct instruction from a manager/boss. eSpecialist was defined as 
a worker who requires a license/certificate from a recognized institution/organization, eg, accountant, lawyer/solicitor, consultant at consulting firm, analyst at think tank. 
Abbreviations: ADHD, attention-deficit/hyperactivity disorder; ASRS, Adult ADHD Self-Report Scale; JPY, Japanese yen; SD, standard deviation; FWFH, full working from home; 
WOS, working on site.
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For the regression analyses, all predictor variables were entered in the model first. The ASRS score and working 
conditions were forcibly remained in all models in principle as these variables are factors of interest. The model was 
selected by reducing the predictor variables and by comparing the goodness-of-fit for each test based on the Akaike 
Information Criterion (AIC). The variance of the inflation factor (VIF) was used to assess multicollinearity in the model.

Covariates used in the regression models were: working conditions (FWOS, hybrid work, FWFH), ASRS score, sex, 
age, marital status (have been married or never been married), highest education level reached (pre-university or 
university graduate), annual income (<1, 1–4, 4–10, ≥10 million JPY, or unknown), employment type (regular or non- 
regular work), number of working days per week, work style (discretionary work [ie, workers had choice/flexibility in 
their approach to work] or non-discretionary work [ie, follow instructions]), reduced working hours (yes or no), 
transferring/changing job (yes or no), and job type (business/marketing, administration, service/sales, planning/creative, 
technical, manufacture/construction, specialist, management/operation, or others) (Table 1). For the categorical variables, 
the references used for each predictor were: female, have been married, pre-university, annual income <1 million, non- 
regular work, FWOS, no discretionary work, no reduced working hours, no job change/transfer, and others for job type.

All analyses were performed using R statistical software (version 4.1.1, R Foundation, Vienna, Austria). Statistical 
significance was considered at a two-sided p-value of <0.05.

Results
Participant Demographics and Characteristics
Of the 1804 participants included in the post-hoc analysis, there were 904 workers with ADHD symptoms and 900 
workers without ADHD symptoms (Table 1).

The proportions of working conditions were generally similar among the groups: FWOS, 63.7% (576/904); hybrid, 
25.0% (226/904); FWFH, 11.3% (102/904) in workers with ADHD symptoms, and FWOS, 65.1% (586/900); hybrid, 
20.9% (188/900); FWFH, 14.0% (126/900) in workers without ADHD symptoms. The mean scores of ASRS (Part A) were 
generally similar between the working condition subgroups: with ADHD symptoms, 4.6–4.7; without ADHD symptoms, 
1.0–1.3. The proportions of males in the cohorts with ADHD symptoms were: FWOS, 66.1% (381/576); hybrid, 81.0% 
(183/226); FWFH, 78.4% (80/102) and without ADHD symptom were: FWOS, 68.4% (401/586); hybrid, 79.3% (149/188); 
FWFH, 72.2% (91/126). Mean age was generally similar among all working condition subgroups in both ADHD symptom 
cohorts: with ADHD symptoms, 46.4–48.2 years; without ADHD symptoms, 46.1–48.3 years (Table 1).

Impact of Working Conditions on Depressive Symptoms, Work Productivity, and 
QOL
Depressive Symptoms
The mean PHQ-9 score was significantly higher in workers with ADHD symptoms than in workers without ADHD symptoms 
(8.9 vs 3.5; p < 0.001; Supplementary Figure 1, Left). When the PHQ-9 scores were compared among working condition 
subgroups in each cohort, the mean PHQ-9 score was significantly lower in the hybrid work subgroup than in the FWOS 
subgroup in workers with ADHD symptoms when compared by the Tukey–Kramer test (7.9 vs 9.3; p = 0.033), and no significant 
differences were observed in these subgroups among workers without ADHD symptoms (Supplementary Figure 1, Right).

Work Productivity
All WPAI scores were significantly higher in workers with ADHD symptoms than in workers without ADHD symptoms 
(Supplementary Figure 2A–D, left). There were no significant differences in all WPAI scores among working condition 
subgroups when compared across the ADHD symptom cohorts (Supplementary Figure 2A–D, Right).

Quality of Life
EQ-5D-5L score was significantly lower in workers with ADHD symptoms than those without ADHD symptoms 
(Supplementary Figure 3 Left). No significant differences were identified among the three subgroups regarding working 
conditions in workers with and without ADHD symptoms (Supplementary Figure 3, Right).
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Factors Associated with Depressive Symptoms, Work Productivity and QOL in 
Workers with ADHD Symptoms
Depressive Symptoms
Poisson regression analysis revealed that ASRS (Part A) score, being male, never been married, number of working days 
per week, reduced working hours during the COVID-19 pandemic, and job type (administration, technical) were 
significantly associated with a higher PHQ-9 score, whereas hybrid work, FWFH, age, annual income (1–4, 4–10, 
≥10 million JPY, and unknown), discretionary work, and job type (manufacture/construction) were significantly asso-
ciated with a lower PHQ-9 score (Table 2).

Work Productivity and QOL
Multiple regression analysis revealed that reduced working hours during the COVID-19 pandemic and job type 
(business/marketing) were significantly associated with a higher absenteeism score (Table 3A).

The ASRS score and job change/transfer were significantly associated with a higher presenteeism score, whereas job type 
(manufacture/construction) was associated with a lower presenteeism score (Table 3B). The ASRS score was significantly 
associated with a higher TWI score (Table 3C). The ASRS score and job change/transfer were significantly associated with 

Table 2 Poisson Regression Analysis for Depressive Symptom (PHQ-9 Score) in Workers 
with ADHD Symptoms

Estimate SE T-value P-value

Intercept 1.584 0.108 14.719 <0.001

Hybrid work −0.162 0.030 −5.398 <0.001

FWFH −0.092 0.038 −2.407 0.016

ASRS (Part A) score 0.192 0.014 14.050 <0.001

Male 0.061 0.030 2.025 0.043

Age −0.007 0.001 −5.675 <0.001

Never been married 0.123 0.025 4.880 <0.001

Annual income (1–4 million JPY) −0.220 0.043 −5.080 <0.001

Annual income (4–10 million JPY) −0.334 0.048 −6.901 <0.001

Annual income (≥10 million JPY) −0.456 0.071 −6.395 <0.001

Annual income (unknown) −0.189 0.053 −3.608 <0.001

Regular work 0.057 0.033 1.694 0.090

Number of working days per week 0.037 0.014 2.685 0.007

Discretionary work −0.091 0.025 −3.726 <0.001

Reduced working hours 0.179 0.034 5.337 <0.001

Job change/transfer 0.054 0.032 1.712 0.087

Administration 0.092 0.029 3.162 0.002

Technical 0.086 0.034 2.534 0.011

Manufacture/Construction −0.163 0.040 −4.040 <0.001

Specialist 0.102 0.053 1.912 0.056

Abbreviations: ASRS, Adult ADHD Self-Report Scale; FWFH, full working from home; JPY, Japanese yen; SE, 
standard error.
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Table 3 Multiple Regression Analysis for Work Productivity (WPAI Scores) in Workers with ADHD 
Symptoms

Estimate SE T-value P-value

(A) Absenteeism

Intercept 4.673 4.913 0.951 0.342

Hybrid work 1.480 1.978 0.749 0.454

FWFH 1.477 2.553 0.578 0.563

ASRS (Part A) score 1.245 0.995 1.251 0.211

Annual income (1–4 million JPY) −3.708 2.116 −1.753 0.080

Annual income (4–10 million JPY) −3.067 2.056 −1.492 0.136

Reduced working hours 5.738 2.386 2.405 0.016

Business/Marketing 5.177 2.492 2.078 0.038

Planning/Creative 6.614 3.841 1.722 0.085

Specialist 5.917 3.611 1.638 0.102

Adjusted R-squared 0.014

(B) Presenteeism

Intercept 2.180 7.344 0.297 0.767

Hybrid work 2.345 2.302 1.019 0.309

FWFH 1.631 3.034 0.538 0.591

ASRS (Part A) score 6.187 1.168 5.297 <0.001

Age −0.131 0.088 −1.487 0.137

Highest education level (University 

graduate)

3.711 2.013 1.844 0.066

Annual income (1–4 million JPY) −3.638 2.468 −1.474 0.141

Annual income (4–10 million JPY) −4.059 2.437 −1.666 0.096

Discretionary work −2.997 2.014 −1.489 0.137

Job change/transfer 6.783 2.663 2.547 0.011

Manufacture/Construction −8.069 3.058 −2.639 0.008

Adjusted R-squared 0.056

(C) Total work impairment

Intercept 8.893 8.274 1.075 0.283

Hybrid work 3.576 2.586 1.383 0.167

FWFH 1.778 3.457 0.514 0.607

ASRS (Part A) score 5.861 1.344 4.361 <0.001

Age −0.178 0.101 −1.770 0.077

Reduced working hours 5.299 3.205 1.654 0.099

(Continued)
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a higher TAI score, whereas job type (manufacture/construction) was associated with a lower TAI score (Table 3D). Annual 
income (1–4, 4–10, and ≥10 million JPY), and discretionary work were significantly associated with a higher EQ-5D-5L 
score, whereas ASRS score and never been married were associated with a lower EQ-5D-5L score (Table 4).

Factors Associated with Depressive Symptoms, Work Productivity and QOL in 
Workers without ADHD Symptoms
Depressive Symptoms
Poisson regression analysis revealed that hybrid work and FWFH, ASRS score, never been married, regular work, and 
reduced working hours were significantly associated with a higher PHQ-9 score, whereas age, annual income (4–10, 
≥10 million JPY and unknown), discretionary work and job type (business/marketing and technical) were associated with 
a lower PHQ-9 score (Supplementary Table 1).

Work Productivity and QOL
Multiple regression analysis revealed that regular work, reduced working hours and job type (manufacture/construction 
and specialist) were significantly associated with a higher absenteeism score, whereas annual income (≥10 million JPY) 
and number of working days per week were associated with a lower absenteeism score (Supplementary Table 2A).

Hybrid work, FWFH, ASRS score, reduced working hours, and job type (manufacture/construction) were signifi-
cantly associated with a higher presenteeism score (Supplementary Table 2B). Hybrid work, FWFH, ASRS score, 
reduced working hours, and job type (manufacture/construction) were significantly associated with a higher TWI score, 
whereas annual income (≥10 million JPY) and number of working days per week were significantly associated with 
a lower TWI score (Supplementary Table 2C). FWFH, ASRS score, reduced working hours, and job type (administra-
tion) were significantly associated with a higher TAI score (Supplementary Table 2D). Hybrid work, reduced work hours 
and job change/transfer were significantly associated with a lower EQ-5D-5L score (Supplementary Table 3).

All VIF values used for the regression analyses were <2.2; therefore, significant multicollinearity was not observed in 
any of the models.

Table 3 (Continued). 

Estimate SE T-value P-value

Job change/transfer 6.033 3.082 1.958 0.051

Manufacture/Construction −6.461 3.523 −1.834 0.067

Specialist 7.073 4.870 1.453 0.147

Adjusted R-squared 0.039

(D) Total activity impairment

Intercept −0.407 7.044 −0.058 0.954

Hybrid work 2.708 2.173 1.246 0.213

FWFH 1.937 2.955 0.655 0.512

ASRS (Part A) score 6.244 1.153 5.416 <0.001

Age −0.131 0.086 −1.518 0.129

Job change/transfer 5.587 2.639 2.117 0.034

Manufacture/Construction −8.071 2.987 −2.702 0.007

Adjusted R-squared 0.048

Abbreviations: ASRS, Adult ADHD Self-Report Scale; FWFH, full working from home; JPY, Japanese yen; SE, standard error.
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Discussion
This post-hoc analysis investigated associations of working conditions (FWOS, hybrid, FWFH) with depressive 
symptoms, work productivity, and QOL during the COVID-19 pandemic period. The results suggest that WFH (hybrid 
and FWFH) may be associated with lower severity of depressive symptoms but is not significantly associated with work 
productivity or QOL in workers with ADHD symptoms. In contrast, WFH may be associated with higher severity of 
depressive symptoms but also work productivity and QOL in workers without ADHD symptoms.

The current study confirmed the presence of significantly higher depressive symptoms, lower work productivity, and 
poorer QOL among adult workers with ADHD symptoms than those without ADHD symptoms, replicating results from 
previous studies, based on comparisons between adults with and without ADHD symptoms regardless of work conditions.25

Moreover, the results of the regression analyses indicated that having a higher ASRS score was associated with 
a higher PHQ-9 score, higher WPAI scores (except for absenteeism), and lower EQ-5D-5L score (with ADHD symptoms 
cohort only), suggesting that workers with more severe ADHD symptoms may experience a greater burden in terms of 
mental well-being, work productivity, and QOL.10,25

Workers with ADHD Symptoms
Impact of Working from Home
In workers with ADHD symptoms, the results of the Tukey–Kramer test, and Poisson and multiple regression analyses 
consistently indicated that WFH (hybrid and FWFH) was a significant predictor of lower severity of depressive 
symptoms, whereas WFH was not significantly associated with work productivity. This result differed from our 
hypothesis that WFH might be associated with improved work productivity and QOL, observed after, compared with 
before the COVID-19 pandemic.25

The effects of WFH during the pandemic on mental well-being in healthy workers have been controversial. An online 
survey of Canadian workers during the third wave of COVID-19 concluded that hybrid work was associated with more 
positive self-rated mental health compared with only WFH and in-person work.32 Another online survey conducted in 
Hong Kong reported that people who were more disturbed by not being able to WFH had poorer mental health status.33 

Table 4 Multiple Regression Analysis for QOL (EQ-5D-5L Score) in Workers with ADHD 
Symptoms

Estimate SE T-value P-value

Intercept 0.939 0.037 25.407 <0.001

Hybrid work −0.023 0.014 −1.570 0.117

FWFH −0.008 0.019 −0.408 0.683

ASRS (Part A) score −0.028 0.007 −3.978 <0.001

Never been married −0.028 0.012 −2.300 0.022

Annual income (1–4 million JPY) 0.038 0.016 2.337 0.020

Annual income (4–10 million JPY) 0.035 0.017 2.093 0.037

Annual income (≥10 million JPY) 0.058 0.028 2.084 0.037

Discretionary work 0.028 0.012 2.296 0.022

Reduced working hours −0.028 0.017 −1.638 0.102

Manufacture/Construction 0.036 0.019 1.941 0.053

Specialist −0.041 0.026 −1.595 0.111

Adjusted R-squared 0.043

Abbreviations: ASRS, Adult ADHD Self-Report Scale; FWFH, full working from home; JPY, Japanese yen; SE, standard error.
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In contrast, a US national survey reported that the workers who changed to WFH during the pandemic had higher distress 
than those who did not,34 which was in line with our results in workers without ADHD symptoms. The impact of WFH 
on mental well-being is most likely determined on a case-by-case basis and influenced by other factors, such as 
communication difficulties at work, workspace and setting at home, children at home, and distractions while working, 
which may also affect work productivity.35,36 Furthermore, family caregivers were at a higher risk of depressive 
symptoms during the pandemic compared with non-caregivers.37 In this study, data on participant’s family members 
and their home environment (having a child, being a caregiver for, and have support from another family member) were 
not collected. Because the home environment can affect work productivity,38 further studies examining the number of 
family members and this environment are warranted.

Recent studies have suggested that both adult workers with and without ADHD symptoms engaged in WFH may 
benefit from prior preparation and innovative practices to address factors such as communication with colleagues, 
workstation settings, and physical exercise, to improve work productivity and mental well-being while engaged in 
WFH.36,39 Therefore, improving the environment for WFH settings may positively impact mental well-being, work 
productivity, and QOL. Conversely, this study was conducted during the first state of emergency in Japan, which was 
declared for the whole country, few employers and employees had adapted to WFH settings or the new lifestyle to 
improve their work productivity and QOL. Nonetheless, WFH was significantly associated with lower depression 
symptoms in workers with ADHD symptoms, which was remarkable.

Other Factors Associated with Lower Severity of Depressive Symptoms, Higher Work Productivity and 
Better QOL
We found that other than working conditions, older age and discretionary work were associated with a lower severity of 
depressive symptoms, an annual income (1–4, 4–10, ≥10 million JPY, and unknown) and discretionary work were 
associated with better QOL, and the job type (manufacture/construction) was associated with lower depressive symptoms 
and higher productivity (presenteeism and TAI) in workers with ADHD symptoms.

The result that older age was associated with less severe depressive symptoms was in line with a web survey obtained 
during the COVID-19 pandemic in Canada that younger aged (<25 years) participants had poorer mental health (stress, 
anxiety, and depression) compared with participants of older age.40 Another data analysis of cohorts from three pandemic 
waves in the UK revealed that severity of depressive symptoms was highest in individuals aged 20 years, followed by 
those aged 30, 50, and 62 years across all waves.41

Notably, our study indicated that discretionary work was associated with lower severity of depressive symptoms and 
QOL in workers with ADHD symptoms. This result is in line with a systematic review and meta-analysis, which found 
that a lack of self-determination and job strain are associated with more severe depressive symptoms.42

In workers with ADHD symptoms, an annual income of >1–4, 4–10, ≥10 million JPY, and unknown was associated 
with lower severity of depressive symptoms and better QOL. This result was consistent with previous web-survey results 
from the US, where high-income workers reported increased productivity, which was possibly influenced by better 
mental and physical status.35 Additionally, in Austria workers with a high income had better QOL and fewer mental 
health problems than did those with a low income.43

Our results related to job type may simply reflect that workers with ADHD symptoms who engage in manufacture/ 
construction type work were less affected by the burden of the COVID-19 pandemic and that this might be a more 
suitable type of work for adults with ADHD symptoms. Further research may also benefit to confirm more suitable type 
of work for adults with ADHD symptoms.

Other Factors Associated with Higher Severity of Depressive Symptoms, Lower Work Productivity and 
Poorer QOL
Being male and the number of working days per week were associated with a higher PHQ-9 score among workers with 
ADHD symptoms. Unmarried status was associated with a higher severity of depressive symptoms and QOL in workers 
with ADHD symptoms. Job change/transfer during the COVID-19 pandemic was associated with a lower work 
productivity (presenteeism and TAI) and reduced working hours during the pandemic were associated with lower 
work productivity (absenteeism) and higher severity of depressive symptoms.
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Our study suggested being male was associated with higher depressive symptoms in workers with ADHD symptoms. 
The current study included a higher proportion of male than female workers with ADHD symptoms, and this result was 
not observed in the cohort without ADHD symptoms. Thus, the result suggests that higher depressive symptoms among 
male workers may be specific to those with ADHD symptoms. Nonetheless, several studies suggest that female workers 
tend to have more severe depressive symptoms, psychological distress, and anxiety than male workers,43–45 and a similar 
result has been reported in college students with ADHD symptoms.46 Therefore, further study is warranted to confirm 
gender differences in depressive symptoms among workers with ADHD symptoms, during the COVID-19 pandemic.

Unmarried status was associated with higher severity of depressive symptoms and poorer QOL in workers with ADHD 
symptoms. This is in line with a web survey in Canada that found PHQ-9 scores were higher in single (never been married) 
participants compared with those who were married/partnered.47 A web survey in China during the first wave of the 
pandemic found that being married was associated with better QOL compared with being single.48 Social isolation and 
loneliness, which single participants are most likely to feel, have been identified as major negative consequences of the 
COVID-19 pandemic and may be associated with higher levels of stress, anxiety, and depression.41,44,47

The number of working days per week was associated with higher severity of depressive symptoms in workers with 
ADHD symptoms. This suggests that workers with ADHD symptoms may have experienced greater distress, particularly 
when they had to work a greater number of days per week during COVID-19. This may be partially because workers 
with ADHD experienced psychological distress during the COVID-19 pandemic similar to those diagnosed adults with 
ADHD.38,49 Because the results of this study suggest that WFH (hybrid, FWFH) may be expected in reducing depressive 
symptoms, it may be necessary to consider providing options for WFH and support to provide suitable work settings for 
workers with ADHD symptoms, especially during the pandemic.

In workers with ADHD symptoms, job change/transfer during the COVID-19 pandemic may be a negative factor for 
work productivity (presenteeism and TAI) and reduced working hours during the pandemic may also be a negative factor 
for work productivity (absenteeism) and severity of depressive symptoms. This result may be partly because of the nature 
of WPAI scores, which ask for the time affected, which is strongly associated with reduced working hours (ie, hours 
missed from work for during a week owing to a health problem divided by total hours missed and hours worked during 
that week).

Our results suggest that job change/transfer and reduced working hours during the pandemic may influence lower 
work productivity and higher depressive symptoms. Although the models in this study did not show significant multi-
collinearity, younger workers and those having reduced working hours may be associated with low incomes, which may 
in turn place these workers at risk for more severe depressive symptoms. Nevertheless, reduced working hours, as in 
“flexibility”, may positively influence working life quality and stress,50 thus, this remains a topic for further investigation.

Our current study suggests that undiagnosed workers with ADHD symptoms may have higher depressive symptoms, 
lower work productivity, and poorer QOL amid the pandemic compared with workers without ADHD symptoms. Our 
results also suggest that some factors such as hybrid work, FWFH, discretionary work, and job type (manufacture/ 
construction) may positively influence depressive symptoms. These results suggest that appropriate work arrangements 
may help workers with ADHD symptoms, particularly those who have depressive symptoms. A previous study has 
indicated that the symptom of inattention is strongly associated with work-related problems.51 Although the current study 
did not assess individual neuropsychological performances (inattention, hyperactivity and impulsivity), WFH might have 
helped in improving concentration and resolving issues the participants experienced in their workplace, eg, social 
interaction with colleagues, which also might have reflected the association between WFH and lower depressive 
symptoms.

Workers without ADHD Symptoms
The same analysis was applied to the cohorts without ADHD symptoms. The 2-way ANOVA and the Tukey–Kramer test 
indicated no significant differences in depressive symptoms, work productivity or QOL among the three subgroups of 
workers without ADHD symptoms; however, regression analyses indicated that WFH may be associated with higher 
severity of depressive symptoms as well as lower work productivity and poorer QOL in workers without ADHD 
symptoms. This difference in the results may be attributed to other factors considered in the regression analyses. 
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Notably, in workers without ADHD symptoms, hybrid work conditions were significantly associated with poor QOL and 
reduced work productivity (presenteeism and TWI); FWFH was significantly associated with reduced work productivity 
(presenteeism, TWI and TAI); and both FWFH and hybrid work conditions were significantly associated with higher 
severity of depressive symptoms.

These results were consistent with previous studies, which have reported negative effects of WFH on productivity.39,52,53 

According to survey results conducted at four manufacturing firms in Japan, workers who worked from home experienced 
greater productivity declines than those who did not.39 Another surveillance study conducted in Japan reported that 
productivity (comparable to presenteeism) in WFH workers decreased by 30–40% compared with that in FWOS workers. 
This productivity decline was even lower in employees and firms that introduced the WFH style after the pandemic than in 
those who introduced it before.52

In workers without ADHD symptoms, there were some positive factors for depressive symptoms, work productivity, 
and/or QOL: older age, annual income of >4 million JPY, and discretionary work were associated with lower severity of 
depressive symptoms whereas unmarried status (ie, never been married) was associated with higher severity of depressive 
symptoms; an annual income of ≥10 million JPY was a positive factor for work productivity (absenteeism and TWI); job 
change/transfer was a negative factor for QOL; reduced working hours was a negative factor for all outcomes 
(Supplementary Tables 1–3). These results were generally similar to those shown in workers with ADHD symptoms.

Whereas job type (manufacture/construction) was associated with lower depressive symptoms and higher work 
productivity (presenteeism and TAI) in workers with ADHD symptoms, this was associated with lower work productivity 
(absenteeism, presenteeism, and TWI) in workers without ADHD symptoms. The rationale for this difference is unclear, 
particularly in that the levels of these outcomes were significantly different between cohorts. The previous and our 
current study revealed that participants/workers with ADHD symptoms have higher severity of depressive symptoms, 
lower work productivity, and lower QOL than those without. Therefore, the contradictory factors affecting the outcomes 
in this study between cohorts with and without ADHD symptoms need to be cautiously interpreted. In any case, this is 
a limitation of this study, in which individual situations cannot be considered in detail.

Limitations
Besides the aforementioned limitations, others include that the participants who were registered in MHP (Medilead 
Healthcare Panel) may have more interest in health and self-care. Additionally, the participants of this survey were 
limited to those who were able to use computer and/or smartphone devices; therefore, the possibility of selection bias 
cannot be precluded. The answers relied on the participant’s retrospective perspective and were subjectively based in 
general. Also, the possibility of recall bias cannot be precluded; thus, not all answers may reflect the actual participants’ 
characteristics. This study is cross-sectional, thus a causal relationship between the factors and depressive symptoms, 
work productivity, and QOL cannot be concluded. Further investigation is necessary, including longitudinal analyses to 
affirm the causal linkages identified here. The analysis includes multiple comparisons without multiplicity adjustment, 
which may lead to type 1 errors. The adjusted R-squared values in all models were not high, indicating that there are 
other factors that may influence the outcomes. Particularly, individuals with ADHD commonly display several 
comorbidities,11,12 for which data were not collected in this study. These other factors need to be clarified in future 
research, and the results need to be cautiously interpreted. The detailed characteristics of ADHD symptoms were not 
considered in this study because the ASRS screener was used to screen participants’ ADHD symptoms. Nevertheless, 
ASRS Part A Score was significantly associated with most outcomes (except for the absenteeism scores) as a negative 
factor for both cohorts. Further research may be warranted to clarify whether particular ADHD symptoms (inattention, 
hyperactivity-impulsivity) would affect these outcomes.

Conclusion
In conclusion, WFH (hybrid and FWFH) may be associated with lower severity of depressive symptoms in undiagnosed 
workers with ADHD symptoms, while it may be associated with higher severity of depressive symptoms, lower work 
productivity, and poorer QOL in workers without ADHD symptoms. Moreover, WFH may not impact work productivity 
and QOL in workers with ADHD symptoms. Although ASRS score, reduced working hours and job change/transfer 
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during the pandemic may be associated with lower work productivity, some positive factors were identified, including job 
type (manufacture/construction) for work productivity; and annual income (>1 million JPY) and discretionary work for 
both depressive symptoms and QOL, in workers with ADHD symptoms. These findings may help in considerations for 
constructing a suitable working environment for workers, particularly those with ADHD symptoms.
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