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Abstract 

Background: Human capital is thought to be a crucial factor that drives economic growth. This study aims to under-
stand the evaluation of the loss of human capital caused by employees’ occupational stress.

Methods: In total, 1,021,178 observations for employee occupational stress were collected from 390 companies from 
2017 to 2019 in Japan. The original cross-sectional survey contains 11,167 employees with occupational stress and 
their socioeconomic information in 2015. The relationship between stress and annual income is estimated with poly-
nomial regression, and accumulated human capital loss is estimated. Matching approaches are applied for corporate 
human capital loss.

Results: The negative association between annual income and employee stress is derived, which indicates that the 
worse the employees’ stress is, the greater the human capital losses. Importantly, we confirmed that most employees 
have human capital loss, and on average, for male employees aged 25, the accumulated human capital loss will reach 
approximately $0.6 million USD by retirement.

Conclusion: For corporations, human capital loss is highly correlated with the number of employees, suggesting that 
reducing the occupational stress of employees can lead to greater corporate performance.
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Background
Human capital is thought to be the most important driv-
ing factor in economic growth [1, 2]. Greater human 
capital growth is associated with sustainable economic 
development and sustainable societies [3, 4]. A sustain-
able and inclusive development society in 2030 is sug-
gested by 17 clear multidimensional goals for human 
well-being prescribed by the United Nations [5]. For 
example, good health and well-being (goal 3), decent 
work and economic growth (goal 8), and responsible 

consumption and production (goal 12) are expected to 
improve population well-being and sustain development.

From the perspective of ecological economics sustain-
ability, inclusive wealth, which is an aggregate of natural 
capital, produced capital, and human capital that meas-
ures society’s wealth, is considered an appropriate sta-
tistic to indicate whether society is advancing toward 
sustainability [3, 6–8]. Human capital is one of the core 
factors within and shares the largest proportion of the 
inclusive wealth index; empirical studies have found 
that it shares 65% of world inclusive wealth. Similarly, in 
Japan, human capital has the main share (60%-72%) of 
total aggregated wealth [8–11].

Human capital is crucial for the economic growth and 
sustainability of society [2, 12–17]. Human capital is a 
summation of the individual’s knowledge and skills [15, 
16]. In pioneering wealth outcome studies, human capital 
is developed with the earning function and factors of year 
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of schooling and years of experience to present a per-
son’s knowledge and skills [15, 17]. In subsequent stud-
ies, human capital is developed in terms of income and 
years of schooling [6]. Investments in human capital are 
theoretical, and empirical studies are widely established 
[2, 10–20]. The established factors that improve human 
capital generally include education, skills, job training, 
and health [9, 16, 18–20].

In medical institutions, improving the psychological 
well-being of employees is treated as a more important 
issue, and improvement of occupational stress among 
employees by speeding up the workplace is proposed. On 
the other hand, companies have a strong tendency to pur-
sue profits for sustainable corporate management. Labor 
management for the well-being of employees is one of the 
themes that companies focus on. Interprofessional col-
laboration from the perspectives of human capital theory 
and occupational stress will present the value of human 
capital loss associated with employee occupational stress, 
and evidence based on new insights may help explain 
the impact of occupational stress on policy makers and 
managers.

On the other hand, theoretically, for psychological risk 
factors, the job-demand-resource model or job-strain 
model has been widely documented [20–46]. The job 
strain model, developed by Schnall et  al. [21], describes 
a theoretical concept for workplace characteristics and 
employee occupational stress. The job-strain model and 
job-demand-support model consider the worse employee 
occupational stress associated with greater workload 
demand and lower control of the workload process. Job 
demand contains the quantity and quality of the work-
load, and job control is the ability to control the work 
process or skill utilization. Aside from the job strain 
model, the job-demand-resource model argues that 
worse employee occupational stress is associated with 
high job demand and low surround support [22, 23]. Low 
levels of resources contain poor surrounding support, 
e.g., family, boss or colleagues.

In accordance with the above concepts and models 
of stress, a large body of empirical evidence has accu-
mulated in recent years. Along with the models, work 
environment characteristics such as surround support, 
balanced effort and reward, work life balance and work-
place violence appear to have an impact on employee 
occupational stress [22–46].

However, the issue needs to be examined. For example, 
the World Health Organization [46] argues that global 
psychological well-being and mental illness will lead to 
disease burden by 2030. Studies have found a negative 
relationship between stress in the work environment and 
employee performance [47–50]. The absence of evalua-
tion of performance loss by stress in general employees 

might underestimate the social loss from worsening 
psychological well-being. When human capital plays a 
substantial role in the sustainability of society, the evalu-
ation of human capital loss by employee job stress might 
build on the literature for improving human capital 
and, therefore, provide insightful evidence to illustrate 
how employee psychological well-being contributes to 
a sustainable society. We are motivated by the idea that 
a decent workplace is associated with better employee 
outcomes, and subsequently, the sustainability of society 
[4, 50]. Thus, we conducted this analysis using 1 million 
employee records of occupational stress.

This study builds on the literature in the following ways. 
We first investigate the relationship between human cap-
ital loss and employee occupational stress, which mainly 
focuses on male employees, using an original survey con-
ducted in 2015. Second, the instrumental variable strat-
egy is employed to address the potential reverse effects 
that low-paid employees might be employed in stressful 
workplaces. Third, corporate human capital loss regard-
ing male employee occupational stress is illustrated using 
a matching approach with large-scale employee occupa-
tional stress collected from 2017 to 2019. The results of 
this study are expected to provide new insights for policy 
makers and corporate managers by first valuing human 
capital loss when presenting occupational stress.

The outline of this study is as follows: Sect.  2 pre-
sents the data and variable settings. Section  3 presents 
the methodology, and Sect. 4 summarizes the empirical 
results. Finally, Sect. 5 presents the discussion.

Data
Two kinds of datasets, (1) large-scale employee job stress 
data (panel data) and (2) data from a cross-sectional 
original internet survey, are used in this study to show 
the loss of human capital by stress among male employ-
ees in Japan. We used two datasets because the large-
scale employee longitudinal data do not have employee 
income information, which is necessary in human capital 
evaluation.

Referring to the Stress Check Program under the 
guidance of the Ministry of Health, Labor and Welfare 
(MHLW), the Japanese government requires companies 
with more than 50 employees to participate in the gov-
ernment-directed occupational stress check program for 
employees [51]. Companies with more than 50 employ-
ees are required to participate in a government-directed 
occupational stress screening program for employees. 
Often, at the request of the government, these compa-
nies commission a third-party psychological welfare 
company to check their employees’ occupational stress 
levels. PEACEMIND Inc. is located in Tokyo, the capital 
of Japan. The target population is all employees when the 
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stress check system was introduced. The questionnaire 
prepared by the Ministry of Health, Labor and Welfare 
asked respondents questions about psychological stress 
at work and the working environment through online 
and offline questionnaires.

When the companies introduced the stress check pro-
gram based on the guidelines of the Ministry of Health, 
Labor, and Welfare [51], the targeted respondents were 
employees belonging to the companies. The large-scale 
employee longitudinal data have more than 1 million 
observations collected from 2017 to 2019 in Japan. The 
study design was approved by the appropriate legal and 
ethics review board of PEACEMIND Inc. The data were 
provided with informed consent from participants, 
according to legal and ethical guidelines. The data in 
this study do not target personal health information, and 
personal information is nonidentifiable. All the methods 
were performed in accordance with ethical guidelines 
and approved by the ethical committee of PEACEMIND 
Inc. Targeted respondents were informed to partici-
pate in the stress survey, and high-qualified longitudinal 
data with low missing values (e.g., 0.48% in 2018) were 
collected. In total, 1,021,178 observations of  363,993 
employees  were successfully collected from 390 com-
panies. Low missing values in the occupational stress 
program, i.e., 5,216 observations, were recorded over 
three years. Finally, 1,015,962 observations are used in 

the analysis. As several corporations did not collect the 
employee age information, after deleting the observa-
tions of women employee, the 657,185 observations are 
utilized in the lifetime human capital estimation analysis 
(see Fig. 1).

We conducted an original cross-sectional internet 
survey through a third-party company (Nikkei Research 
Company) from July to August 2015. Nikkei Research has 
provided some highly reliable internet survey services 
for the past few decades with a comprehensive panel to 
ensure that the sample fits a population’s gender and age 
distribution. We randomly selected those who met the 
requirements from the registered panel to distribute the 
survey. Nikkei research has an extensive panel to allow 
the selected random assignment targeted respondents 
to match the population gender and age distribution of 
Japan.1 The study design was approved by the appropriate 
legal and ethics review board of Kyushu University. The 
data were collected with informed consent from partici-
pants, according to legal and ethical guidelines. All the 
methods proceeded in accordance with ethical guidelines 
and were approved by the ethical committee of Kyushu 
University. We employed an extensive panel to allow the 

Fig. 1 Distribution of employees’ job stress by group. Data sources: Large-scale employee longitudinal data

1 The respondent rate is not recorded.
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targeted respondents to match the general population 
distribution of Japan.2

The Pew Research Center [52] points out that internet-
based surveys tend to select well-educated respondents 
with high household incomes. In total, 11,167 respond-
ents from prefectures were collected. After deleting 
the observations of nonworking individuals as well as 
observations of individuals aged less than 20 and older 
than 65  years, there were 2,300 working women and 
3,738 working men in our analysis (see Table  1). Please 
see a detailed description of the data for this survey in 
Chapman et  al. [53]. The working individual’s GHQ-12, 
household income status, and detailed demographic 
information were collected.

Variable setting
Job‑stress‑29
The Job-stress-29 is part of the Brief Job Stress Ques-
tionnaire based on the guidelines of the Japanese Minis-
try of Health, Labor, and Welfare [51]. The Job-stress-29 
has 29 items to measure mental health status as follows: 
The following are questions on how you felt during the 
past month. Please choose the most applicable answer. 
1) I have been very active; 2) I have been full of energy; 
3) I have been lively; 4) I have felt angry; 5) I have been 
inwardly annoyed or aggravated; 6) I have felt irritable; 7) 
I have felt extremely tired; 8) I have felt exhausted; 9) I 
have felt weary or listless; 10) I have felt tense; 11) I have 
felt worried or insecure; 12) I have felt restless; 13) I have 
been depressed; 14) I have thought that doing anything 
was a hassle; 15) I have been unable to concentrate; 16) I 
have felt gloomy; 17) I have been unable to handle work; 
18) I have felt sad; 19) I have felt dizzy; 20) I have expe-
rienced joint pains; 21) I have experienced headaches; 
22) I have had a stiff neck and / or shoulders; 23) I have 
had lower back pain; 24) I have had eyestrain; 25) I have 
experienced heart palpitations or shortness of breath; 26) 
I have experienced stomach and / or intestine problems; 

27) I have lost my appetite; 28) I have experienced diar-
rhea and / or constipation; 29) I haven’t been able to sleep 
well. Answer choices were as follows: Almost never = 1; 
Sometimes = 2; Often = 3; Almost always = 4. Therefore, 
job-stress-29 is the nonweighted summation of the 29 
items, ranging from 29 to 116, with a greater value indi-
cating worse mental health.  The score was reversed for 
1), 2), and 3).

The Japanese Ministry of Health, Labor and Welfare 
identifies highly stressed employees using a threshold 
score derived from a job-stress-29 score as individuals at 
high risk for mental health disorders. One of the stand-
ards defined employees as highly stressed with a thresh-
old score of 77, according to the Japanese government; 
a large proportion of the employees who scored less 
than 77 also have a potential risk of becoming high-risk 
employees. Therefore, job-stress-29 can be adopted as an 
indicator of employees’ mental health status [54, 55].

GHQ‑12
The generalized health question (GHQ-12) has 12 items 
regarding mental health and was included in our origi-
nal internet survey. The questions are as follows: Please 
select one option that is the most applicable. Have you 
recently (1) been able to concentrate on whatever you 
are doing? (2) lost much sleep over worry? (3) felt that 
you are playing a useful part in things? (4) felt capable of 
making decisions about things? (5) felt constantly under 
strain? (6) felt you could not overcome your difficulties? 
(7) been able to enjoy your normal day-to-day activities? 
(8) been able to face up to your problems? (9) been feel-
ing unhappy and depressed? (10) been losing confidence 
in yourself? (11) been thinking of yourself as a worthless 
person? (12) been feeling reasonably happy, all things 
considered? Responses were measure on a four-point 
scale: Not at all = 4; No more than usual = 3; Rather 
more than usual = 2; and Much more than usual = 1. In 
this study, we reversed the four items as Not at all = 1; 
No more than usual = 2; Rather more than usual = 3; 
and Much more than usual = 4, and the GHQ-12 score 

Table 1 Description of original internet survey and employee occupational stress data in Japan

Data Original Internet survey Data Employee occupational stress

Survey participation (n = 11,167) Survey participation
(number of participation = 390)

Numbers of observation for occupational stress 
from 2017 to 2019. n = 1021,178

Participations ageless than 20 and more than 65 and 
missing value in key variables (n = 5129); women 
employees (n = 2,300)

Missing value in occupational stress 5,216 observa-
tions in occupational stress, Observations in women 
employees = 363,993

Analysis: Relationship between human capital and 
employee stress. Male employees (n = 3738)

Analysis: Corporates human capital loss by 
employee occupational stress (n = 390)

Employee capital loss by occupational stress 
(n = 1,015,962) Lifetime human capital loss by occu-
pational stress (n = 657,185)

2 The respondent rate is not recorded.
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(ranged 12–48) was a nonweighted summation of the 
above 12 items, which indicates that the greater the score 
is, the worse the mental health status.

Other variables
The original internet survey includes age dummies (20–
29, 30–39, 40–49, 50–59, and 60–65  years), occupation 
categories (full-time employee, part-time employee, and 
other) and employee annual income.

Methodology
The local polynomial regression model, which is a gen-
eralized local mean smoothing model, was adopted to 
investigate the nonlinear association between employee 
stress and an individual’s annual income. Both local 
polynomial regression and Robinson double residual 
estimation are appropriate when examining the relation-
ship between stress and employee income [56–58]. The 
results derived from the instrument strategy are used as a 
robustness check. The local polynomial regression model 
is as follows:

where Si denotes employee i ’s annual income, and xi 
is the stress score (GHQ-12). The function f (.) indicates 
the nonlinear function of the stress score (GHQ-12) x . 
The error term is εi.

It is possible that low-paid employees might be 
employed in more stressful working environments, which 
is thought to be a reverse causal relationship. To address 
the problem, we employed an instrumental variable strat-
egy, and the two instrumental variables  (Z) were (1) the 
weather on the survey day recorded by respondents and 
(2) the survey completion time for each respondent to 
assess individuals’ psychological well-being [57]. The 
weather status on the survey date (e.g., sunny) is known 
to be correlated with mental well-being ( x ) but is not 
correlated with the individual’s annual income. Again, xi 
is the stress score (GHQ-12), whereas x̂i is the imputed 
value according to the estimation of the first-stage regres-
sion (Eq. 2).

Si presents the individual i ’s income. Y  denotes the 
independent variables of socioeconomic and demo-
graphic variables. �0 , �1 , �2 , α0 , α1 and � are estimated 
parameters. The error term is εi . The parameter α1 pre-
sents the impact of employee stress on the individual’s 
income.

(1)Si = f (xi)+ εi

(2)xi = θ0 + Ziθ1 + Yiθ2 + εi

(3)Si = α0 + α1x̂i + Yiβ + εi

The major concern is the estimation of one unit of 
human capital loss by job stress by stress level j , which 
can be derived from Eq. (4), based on the microapproach. 
In the development theoretical framework of human 
capital, a pioneer of wealth output who developed human 
capital as a function of income with years of education 
and years of experience as elements presented knowledge 
and skills [15–17], and subsequent studies have used 
income and years of attendance years of schooling [6]. 
In line with the theoretical framework of human capi-
tal and development in human capital loss in employee 
occupational stress, income is thought to be an appro-
priate measurement of occupational stress-induced pro-
ductivity loss in terms of the accumulation of skills and 
knowledge.

One unit of human capital loss denotes H  , which is 
the accumulated amount of income from the employ-
ee’s current age to retirement age T  . The amount of 
income loss by stress level j in each year is denoted as 
Lj , which is the difference between the stress-free status 
annual income and employee income when he or she 
feels stress at stress level j estimated from Eq.  (1). a is 
the income growth in each year capturing the accumu-
lation of human capital between stress-free status and 
stressful status, which is assumed to be 2%. Similarly, the 
year interest rate b followed the Bank of Japan and was 
0.004%.3

Aside from the above microapproach, following 
Arrow et  al. [6], the macroapproach of estimating 
human capital is also conducted. The one-unit human 
capital loss by stress level j is derived from Eq.  (5). 
The stress level j has an 88 average score ranging 
from 29 to 116, which indicates that the greater the 
number of stress scores is, the worse the psychologi-
cal stress.

The returns of the years of schooling ρ are 8.5%, 
and the average year of schooling for Japanese 
males E  is 15.47. The discount rate δ is 5%. P  is the 
number of male employees in companies, where Pj 
is the number of employees in a company at the 
stress level j . The amount of income loss by stress 
in each year is denoted asL . The shadow price of 

(4)Hj =
∑T

t=1Lj

(
1+ a

1+ b

)t

(5)Hj =
∑T

t=1Lj

(
1

1+ δ

)t

∗ expρE

3 We followed the time deposit interest-rate guided by the Bank of Japan [58].
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one unit of human capital by stress at level j is 
pj =

∑T
t=1 Lj

(
1

1+δ

)t
 . Accordingly, one-unit human 

capital loss Hj at the stress level j becomespj∗expρE . 
The human capital loss by stress in company M  is 
the summation of one-unit human capital loss by 
each stress level, j , and the number of employees at 
each stress level Pj is shown in Eq. (6).

The relationship between individuals’ annual income 
and his/her occupational stress is displayed using the 
local polynomial model presented in Eq.  (1). Based 
on the results derived from the above regression, the 
income loss ( Lj ) compared to the individuals’ who are 
stress free is calculated after regression. The expected 
results are that the worst employee occupational stress 
will be associated with higher annual income loss. The 
human capital loss derived from accumulated annual 
income until retirement is illustrated in Eq. (4). The cor-
porate human capital loss from employee occupational 
stress is the unweighted summation of the income loss 
due to stress of each employee. It is derived from the 
employee responses to prompts about occupational 
stress on the survey, and the annual income loss is 
derived from Eq. (1) using the exact math approaches.

(6)M =
∑88

j=1pj ∗ Pj exp
ρE

Results
Basic statistics
Fig.  1 displays the kernel distribution with bandwidth 
3 of employees’ job stress by various groups using the 
large-scale employee longitudinal data. The job-stress-29 
score ranged from 29 to 116, which indicates that the 
greater the number, the worse the psychological dis-
tress. It is notable that in each subgroup divided by age, 
gender, year, or sector, the pattern of employee psycho-
logical stress distribution is similar. This indicates that 
aside from the high-stress threshold score of 77 provided 
by the Japanese government, a large proportion of the 
employees who scored less than 77 have a potential risk 
of becoming high-risk employees. Fig.  1 (a) illustrates 
the employee’s stress distribution for the years 2017 and 
2019, which shows that the employee in 2019, on aver-
age, was slightly worse by 0.42 points. This is consistent 
with the global trends of increasing burden of mental ill-
ness, according to the World Health Organization [18]. 
Fig.  1(b) illustrates that employees aged 30–39 have a 
higher stress level than other age groups. Similarly, when 
compared to men, women tend to have worse psycho-
logical stress (Fig.  1(c)). Focusing on the various indus-
try sectors, we found that employees from the retail 
sector have higher stress than employees from other 
sectors (Fig. 1(d)). With regard to the industry in detail, 
the psychological job stress distributions are close to the 

Fig. 2 Association between employee stress and annual individual income
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summarized employee stress distribution displayed in 
Fig. 1(d).

Fig. 2 illustrates the estimation results of the local poly-
nomial regression model regarding the nonlinear rela-
tionship between income and stress using the original 
2015 internet survey in Eq.  (1). The dependent variable 
is annual income, and the independent variable is male 
employee stress. Employee stress is measured by GHQ-
12 rearranged to 29 to 116, where a greater number 
indicates a worse stress level. The reference line repre-
sents the stress-free annual income, which is the annual 
income equal to $66,250 USD, whereas the yearly human 
capital loss at the j th stress level, Lj , is derived by differ-
encing the reference line and polynomial smooth line. In 
this study, the exchange rate of USD and Japanese yen is 
1 USD, which equals 100 Japanese yen [59]. The dashed-
dotted line indicates the 95% confidence interval (CI). 
The black line is the zero-degree polynomial smooth with 
kernel function using the rule-of-thumb (ROT) band-
width estimator. Both robust results were obtained from 
a local polynomial regression with a cubic polynomial 
smooth (Eq. 1) [60, 61].

Relationship between employee stress and annual income
Data sources: original internet survey
Table 2 displays the results from the instrumental vari-
able strategy to address the reverse effect that low-
paying employees might be employed in more stressful 
workplaces using the weather on survey day and survey 
completion time. The dependent variable is an indi-
vidual’s annual income, and the independent variable 
of interest is employee stress. The value of the first-
stage F test is 10.54 greater than 10, which suggests that 
the instrumental variables are not weak instruments. 

Similarly, the Sargan score was 2.66, with a p value of 
0.44, indicating that the two instrumental variables 
were appropriate.

Importantly, the coefficients of an individual’s psy-
chological well-being (GHQ-12 score) are negative and 
statistically significant. The results suggest that when 
an employee’s psychological well-being worsens by 1%, 
his or her annual income decreases by 0.671% when 
the reverse effects are addressed and demographic and 
socioeconomic characteristics are controlled. The nega-
tive impact of employee stress on human capital out-
comes occurs through a decrease in annual income.

The results are summarized as follows: The slope of 
the black line turns downward as the employee stress 
score increases. This indicates that a negative asso-
ciation between employee stress and annual income 
is found in Japan, which shows that worse employee 
stress is associated with lower annual income. The 
relationship between stress and income is nonlin-
ear, and the sharp income decrease with increasing 
stress is between stress scores 29–38 and stress scores 
76–93. In contrast, a slow income decrease was con-
firmed between the stress level scores of 39 and 75. 
This might suggest that although the increasing stress 
score presents psychological distress, it does not uni-
formly decrease employee performance. However, 
an employee stress status greater than 76 seems to be 
a threshold that should trigger concern. This result is 
consistent with the psychological distress of employees 
defined by the Japanese government.

The results highlight that the stress-free stress score 
is 29, and annual income records the highest income 
level. In contrast, the stress score at 93 records the low-
est income level, which is approximately $48,208 USD. 
The income loss at stress score 93 is $18,000 USD each 
year, which indicates a large amount of human capital 
loss owing to employee stress status. The annual human 
capital loss by different stress statuses ranges from $0 
to $18,000 USD for an average of $11,920 USD. In sum, 
the results suggest that when employee stress status is 
improved by introducing government policy, a signifi-
cant increase in performance is realized.

Employee and corporate human capital loss due 
to psychological stress
Fig.  3 shows the male employee and corporate mon-
etary valuated human capital loss by psychological 
stress using large-scale employee longitudinal data. 
The employee annual income loss by stress is calcu-
lated by taking the difference between the stress-free 
status annual income and annual income correspond-
ing to psychological stress based on the results from 

Table 2 Relationship between psychological well-being and 
individual’s annual income based on two-stage least square

The two instrumental variables are (1) the weather on the survey day recorded 
by respondents and (2) survey completion time for each respondent. Control 
variables: education, age, number of children, number of family members, 
occupation, house status

(1)

VARIABLES ln(individual income)

Ln(GHQ-12 score) -0.671*

(0.400)

Control variables Yes

R-square 0.1624

Sargan (score) 2.66

p value 0.44

First-stage F test 10.54

p value  < 0.0001

Observation 3,738
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Eq.  (1). The employee self-rated psychological stress 
ranges from 29 to 116, in which the corresponding 
annual income loss by stress is between $0 and $18,000 
USD. By matching4 income loss to each employee in 
employee longitudinal data using each individual’s psy-
chological stress, the distribution of income loss by 
stress each year can be displayed (Fig. 3 (a)). The mon-
etary valuated human capital losses are obtained from 
Eq.  (1). The annual income loss by stress, employee 
psychological stress score (Job-stress-29 score), and 
employee age and the distribution are shown in Fig.  3 
(b). The 390 companies’ corporate loss is the sum of 
the human capital loss owing to the stress of all male 
employees as shown in Fig. 3 (c) and 3(d).

The results are summarized as follows: The distribu-
tion of income loss by stress shows that most employ-
ees lose more than $5,000 USD income each year, which 
shows that human capital loss owing to psychological 
distress is common among employees from various com-
panies or industries (Fig.  3 (a)). The reality that human 

capital loss exists for most employees rather than a very 
small specific proportion of employees might attract 
policy makers’ attention. Improving employee stress lev-
els may increase the employees’ performance. Intuitively, 
employee income loss by stress each year, on average, is 
approximately $10,000 USD (Fig. 3 (a)). Fig. 3 (b) distrib-
utes the lifetime human capital loss based on Eq. (5). Sim-
ilarly, a large amount of human capital loss is observed 
universally among the employees, which is close to Fig. 3 
(a). For example, the average employee job-stress score 
is 57 among employees aged 20–29 years. Based on the 
simulation, when the employee stress-level condition is 
not improved, the lifetime human capital loss accumu-
lated to 65  years old will reach $600,000 USD for each 
employee.

When we focus on corporate human capital loss due to 
employee stress, corporate loss is highly correlated with 
the number of employees (Fig. 3 (c)). This is because, as 
shown in Fig. 3 (a), most employees have human capital 
loss by stress, and the loss ranges from $5,000 to $18,000 
USD. Therefore, the more employees the companies 
have, the greater the loss might be. It is worth noting 
that large companies and nonretail sectors show better 

Fig. 3 Employee and corporate human capital loss by stress in Japan

4 Due to large-scale employee longitudinal data on employee stress, this esti-
mate does not include income information. We used two datasets.
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performance in terms of human capital loss owing to 
stress. Among the 390 companies included in our data-
sets, the median corporate loss is $101 million USD, 
which shows potential for improvement of the impact of 
employee psychological stress on company finances.

As the main results were derived from large-scale 
employee longitudinal data provided by a third-party 
company, there may be a problem in sample selection. 
To check the problem of sample selection, we conducted 
a robustness check using another sample provided by a 
fourth-party company having a sample size of 350,000 
collected from over 100 companies and public institu-
tions in Japan. Based on the methodology introduced 
in the methodology section, we confirmed the robust 
results based on employee stress.

Discussion
This study first illustrated the stress-related human 
capital loss to fill the knowledge gap in the relationship 
between human capital and employees’ performance loss 
caused by stress in Japan. The study used large-scale lon-
gitudinal data from 390 companies based on data from 
the Japanese Ministry of Health, Labor and Welfare 
[51] collected by a third-party company from 2017 to 
2019 and an original internet survey conducted in 2015 
through a third-party company. Polynomial regression 
was used to investigate the association between mone-
tary-evaluated performance loss and employees’ stress 
levels, and the instrument variable strategy was used as a 
robustness check. Moreover, the human capital loss due 
to stress was calculated at the individual and corporate 
levels.

First, employees’ psychological well-being (stress) 
was worse in 2019 than in 2017, which is in line with 
the expectation of the world health organization [46]. 
We found that employees aged 30–39, women, and 
retail sector employees have worse psychological stress 
levels than other corresponding groups. Second, the 
negative association between income and psychologi-
cal stress among male employees shows that the annual 
human capital loss due to different stress statuses 
ranges from $0 to $18,000 USD. Importantly, human 
capital loss exists in most employees who lose the 
income of more than $5,000 USD each year, and human 
capital loss owing to psychological stress is common 
among various companies or industries. Third, the 
corporate human capital loss is highly correlated with 
the number of employees, which suggests that improv-
ing employees’ psychosocial well-being could contrib-
ute significantly to corporate outcomes. The median 
outcomes are expected to be $101 million USD. The 
results are consistent with the previous occupational 

stress literature based on the job-strain model or job-
demand-resource model indirectly [20–46]. Both high-
light improvement of the workplace environment for 
employees positively associated with the corporates’ 
outcomes.

The policy implications based on the results of this 
study are as follows. The Japanese government Min-
istry of Health, Labor and Welfare [51] introduced a 
simple employee stress check program to understand 
employee stress status. Given that high-stress employ-
ees are more likely to attract policy makers’ atten-
tion, based on our results, the policy improves overall 
employees’ psychological well-being and may produce 
large corporate outcomes. To improve the working 
environment quality, the Karasek job-demand-control 
model is recommended [21–40], as it shows that a bet-
ter working environment is characterized by employee 
control of work procedures, use of skills in the work-
place, and appropriate work demand.

This study aims to illustrate the relationship between 
employee human capital and occupational stress in 
Japan. However, the limitation of this study is acknowl-
edged as follows. First, potential bias might be caused 
by the sample collection method. The large-scaled 
occupational stress is collected from the employees’ 
psychological well-being is more likely close to Tokyo 
from 2017 to 2019, which might not be a representa-
tive sample to the population. Though we used another 
employee occupational stress sample focus on the south 
area of Japan and confirmed the robustness. The major 
results are still a sample selection bias exist; further 
in-depth study should be based on the relevant data-
sets. Second, for the issue of an endogenous problem 
on the employee stress, we confirmed the robustness 
results based on instrument variable strategy using the 
weather at survey day record by respondents and sur-
vey completion time for each respondent are employed 
for individuals’ psychological well-being as the instru-
ment variables. Combining with the original cross-
sectional survey characters, the instrumental variable 
strategy is adopted, in future work, the panel data with 
a more relevant analysis methodology might be rele-
vant to address the endogenous problem.
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