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Abstract

Objective: We aimed to analyse age-standardised mortality trends in Japan among
blue- and white-collar male workers aged 25-64 years, by major causes of mortality
from 1980 to 2015.

Methods: Five-yearly mortality data were extracted from occupation-specific vital sta-
tistics maintained by the Japanese Ministry of Health, Labour and Welfare. A time
series study was conducted among employed men aged 25-64 years. Age-standardised
mortality trends by occupational category were calculated separately for all cancers,
ischaemic heart disease, cerebrovascular disease and suicide. Poisson regression analy-
sis was performed to analyse mortality trends by occupational category for each cause.
Results: Mortality rates for all cancers and ischaemic heart disease were higher
among white-collar workers than blue-collar workers throughout the 35-year study
period. The gap in the mortality rates for all four causes of death among blue- and
white-collar workers widened in 2000 after Japan's economic bubble burst in the late
1990s. Simultaneously, suicide mortality rates among white-collar workers increased
sharply and have remained higher than among blue-collar workers.

Conclusions: White-collar male workers in Japan have a higher risk of mortality
than male blue-collar workers. However, despite substantial differences, significant
progress has been made in recent years in reducing mortality across all occupations

in Japan.
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globally in 2017.2 Occupation is often used as an indicator
of socio-economic status.’ Various studies have reported an

Inequalities in adult mortality have been widening glob-
ally over the years.' Cardiovascular disease and cancer ac-
counted for one-fifth of the 56 million deaths that occurred

association between mortality and occupation across diverse
countries and developmental settings.* Moreover, there are
marked differences in deaths by occupation, with factory
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workers facing higher mortality risks than professionals, such
as teachers and doctors.’ Differences in the nature of individ-
ual occupations, and exposure to multiple risk factors across
various occupations have been found to affect mortality.®

Cancer, cardiac disease, cerebrovascular disease and sui-
cide are among the leading causes of death in Japan.7 With
the decrease in the disease mortality, especially from isch-
aemic heart disease and cancer, Japan achieved the longest
life expectancy in the world.® However, in the 1990s, Japan
experienced a financial crisis after its economic bubble burst.
The number of bankruptcies in 1998 was the highest ever
recorded for Japan and was paralleled by a surge in the age-
standardised suicide rate during that year. In particular, rates
of suicide mortality from hanging increased rapidly among
middle-aged men.” Differences in mortality trends were
observed across diverse occupations, and mortality rates
among managers worsened significantly over this period.lo
Mortality trends among managers and professional workers
are different, but it may be helpful to have a broader view
of the mortality pattern among workers in two occupational
groups—blue- and white-collar workers. A previous study
compared nationwide mortality by occupation across Japan
and European countries, but did not include men in the young
workforce, and also did not use data from a long period be-
fore the financial crisis in the mid-1990s."" Unlike previous
studies,'™!" this study analysed the trends among men over a
longer period, 35 years, thus including the mortality trend for
15 years before and after the economic crisis in 1997. It also
covered a broad age group, from 25 to 64 years because an
increasing number of young people joining the workforce are
exposed to higher risk of mortality at an early age. The year
2018 was 20 years since the economic crisis peaked in 1998.
During this period, the economic situation has improved,
with accelerated per capita output growth and increased
productivity.'” However, we believe that the highest socio-
economic group in Japan may still not be in the best possible
health. We therefore we aimed to analyse age-standardised
mortality trends among blue- and white-collar male workers
by cause of mortality from 1980 to 2015 in Japan.

2 | METHODS

Five-yearly cross-sectional mortality data were extracted
from occupation-specific vital statistics maintained by the
Japanese Ministry of Health, Labour and Welfare."® Data on
occupation-specific populations were obtained from the cen-
sus records of the Statistics Bureau of Japan, which conducts
acensus every 5 years. “we analysed mortality data obtained
for men aged 25-64 years, categorised into 25-34, 35-44, 45-
54 and 55-64—year age groups, separately by major mortal-
ity cause. Observations with missing values for occupation
were removed from the analysis. In the years 1980 and 1985,

mining was used as a separate category and in the year 2010
and 2015 carrying/cleaning and construction were added as
separate categories, which were not separately categorised
in other years. These occupations were recategorised so that
mining, construction and carrying/cleaning were categorised
under manufacturing'”'® to ensure consistency for all of the
years of the study (Table S1).

All workers were divided into white- or blue-collar occu-
pational categories by merging categories using the Erikson-
Goldthorpe-Portocarero scheme. Upper non-manual workers
(professionals and managers) and lower non-manual workers
(clerical, sales and service personnel) were categorised as
white-collar workers, while manual workers (security, trans-
portation, mining, carrying/cleaning, construction and manu-
facturing personnel) and agriculture workers were grouped as
blue-collar workers.>!” The unemployed category was not in-
cluded in the analysis because it comprised individuals with
diverse and non-comparable risk factors, including students
who were not jobseekers and individuals who were retired or
engaged in home duties. The unclassified and missing occu-
pational categories were also excluded from the analysis.

2.1 | Statistical analysis

Age- and occupation-specific mortality rates for the period
1980-2015 were directly standardised by 5-year age groups
using the 1985 population, which is generally used for stand-
ardisation for official Japanese statistics.'® Age-standardised
mortality trends by occupational category were calculated for
each of the four leading causes of death: cancer, ischaemic
heart disease, cerebrovascular disease and suicide.

The ninth revision of the International Classification of
Disease (ICD)-9 was used to code causes of death from 1980
to 1990, while the ICD-10 classification codes were used
from 1995 onwards. Table S2 shows the codes for causes of
death in both ICD versions.

We performed Poisson regression analysis to assess mor-
tality trends by occupational category for each cause of death
with year, age category and a step term as covariates. A step
variable indicating whether the deaths occurred before or
after 2000 was used to analyse mortality trends before and
after the economic crisis that occurred in the late 1990s. To
facilitate interpretation, the year 1980 was set as the baseline
(0), so that the intercept in the model corresponded to mor-
tality rates in 1980.

To analyse the mortality rates for cancer, ischaemic heart
disease and cerebrovascular disease, we included a two-way
interaction Poisson model of the year and occupation cate-
gory (blue- and white-collar) with the age category and a step
variable in separate analyses by cause of death. Accordingly,
we analysed differences in mortality trends among white- and
blue-collar workers. For the suicide mortality analysis, step and
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occupation interactions were added to the model to assess the
sharp increase in the suicide mortality level in 2000. Linear
combinations of the key variables with 95% confidence inter-
vals were calculated to capture changing mortality trends by oc-
cupational categories and to estimate the magnitude of changes
in the mortality level that occurred in 2000. These linear com-
binations are shown as rate ratios in Table 3, which correspond
to B + fsin model 1 & 2, and in Table 4 as 3, + ff; in model 2.
All of the analyses were performed using Stata IC version 15.1.
Data were modelled as a Poisson distribution, with the pop-
ulation, by occupation, included in the model as an offset. The
model was developed as follows. For available data on the num-
ber of suicide deaths, y;, occurring at rate y; in population n;, the
fundamental distribution of data was expressed as:

y; ~ Poisson (/4,») ()

where rate ; is related to the covariates through a log-linear
expression described below.

A two-way interaction model was constructed to assess
the mortality trends for blue- and white-collar workers before
and after 2000:

Model 1 (cancer, ischaemic heart disease, cerebrovascular
disease)

In (P’i) =a+In (”z) + B1xi + BoXpp + B3xiz + BaXu + Bsxyxps

Model 2 (suicide)
In (g;) = @ +1n (n;) + Brxy + Boxin + Baxis + BaXiy + BsxiXps + BeXizXiy

where a is the intercept term; x;, is the year, with the first year
in the data series (1980) set at 0, and consecutive years at 5-
year intervals; x;, is the age category (1 = 25-34, 2 = 35-44,
3 =45-54,4 = 55-64 years old); x;3 is the occupational category
(1 = blue-collar workers, 2 = white-collar workers); and x;4 is
the step function (0 = years before 2000, 1 = 2000 onwards).

In the above model, categorical variables with more than
two levels (ie, age groups) were constituted as sets of dummy
variables. Thus, x, comprised a set of four dummy variables.
However, for simplicity, these sets of dummy variables were
expressed as a single term. We also conducted a similar anal-
ysis for men aged 25-34 (Tables S3 and S4).

3 | RESULTS

Table 1 shows changes in the proportions of occupation cat-
egories from 1980 to 2015. Full comprehension of the results
of the analysis requires an understanding of the proportions of
the population within the two occupation categories and how
they have changed over time. The proportions of blue- and
white-collar workers in 1980 were reversed over the 35-year

Journal of Occupational Health ¢ LEYM

TABLE 1 Proportions of workers in the Japanese male population
by occupation, 1980-2015

Proportions of workers (%)

White-
Year Blue-collar collar
1980 53.7 46.3
1985 51.2 48.8
1990 49.1 50.9
1995 47.5 52.5
2000 47.1 529
2005 474 52.6
2010 44.7 55.3
2015 443 55.7

period of the study. Thus, in 2015, there was a slightly higher
proportion of white-collar male workers aged 25-64 years
than blue-collar workers within the Japanese workforce.

Figure 1 shows the age-standardised death rates per
100 000 population for blue- and white-collar workers at-
tributed to various causes during the period 1980-2015.
The all-cancer and ischaemic heart disease mortality rates
were higher for white-collar workers than blue-collar work-
ers during this period. Cerebrovascular disease and suicide
mortality rates were higher among blue-collar workers in the
1980s but increased among white-collar workers from the
mid- to late 1990s. From 1980 to 2015, the mortality rates
decreased steadily for cancer, ischaemic heart disease and
cerebrovascular disease and only very slightly for suicide.
Figure S1 shows similar trends among men aged 25-34 years
(Supplementary file).

Table 2 shows the age-standardised mortality rates and the
absolute difference in rates between white- and blue-collar
workers by cause of death and occupation from 1980 to 2015.
The absolute difference between mortality rates from all four
causes for white- and blue-collar workers widened to reach
a maximum in 2000 following the economic crisis in the
late 1990s. Differences in cancer mortality rates across oc-
cupational categories decreased significantly over the study
period. In 2015, ischaemic heart disease, cerebrovascular dis-
ease and suicide mortality rates were almost equal for blue-
and white-collar workers.

Table 3 shows estimated mortality trends for white- and
blue-collar male workers calculated using linear combination
of key variables in model 1. The rate ratio is the relative in-
crease in mortality rate in the corresponding disease and oc-
cupational category for every increase in the 5-year interval.
The table shows that 5-year mortality attributed to all four
causes decreased at almost equal rates, by about 3% to 6%,
among blue- and white-collar workers.

Table 4 shows changes in suicide mortality rates for
white- and blue-collar workers in 2000 calculated using linear
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FIGURE 1

Age-standardised mortality rates per 100 000 population by cause of death among blue- and white-collar male workers in Japan

TABLE 2 Absolute differences in age-standardised mortality rates per 100,000 by cause of death and occupation among employed Japanese

men aged 25-64 years from 1980 to 2015

Cancer Ischaemic heart disease

Year Blue White Difference’ Blue White Difference®
1980 945 115.0 20.5 17.8 22.6 4.8

1985 87.1 110.1 23 12.7 17.1 4.4

1990  79.9 107.0 27.1 9.6 14.9 5.3

1995  70.7 95.5 24.8 13.0 16.0 3

2000  48.6 88.8 40.2 9.9 15.0 5.1

2005  36.7 64.4 27.7 9.1 12.5 34

2010 352 50.4 152 8.4 10.7 2.3

2015 31.7 37.3 5.6 8.0 8.0 0

Cerebrovascular disease Suicide
Blue White Difference’ Blue White Difference®
473 444 -2.9 21.8 193 2.5
31.6  30.6 -1 27.1 245 -2.6
236 253 1.7 180 154 -2.6
189 21.0 2.1 183 16.8 -1.5
124 190 6.6 223 292 6.9
10.8 145 3.7 23.0 265 3.5
103 115 1.2 196 219 2.3
9.0 8.8 -0.2 155 163 0.8

*Absolute difference in age-standardised mortality rates between white- and blue-collar workers.

combinations of key variables in model 2. The rate ratio is the
relative increase in suicide mortality rates in the correspond-
ing occupational category after 2000 compared with before
1995. The suicide mortality rates increased for workers in
both categories. However, the increase in mortality rates for
blue-collar workers was relatively low compared with that for
white-collar workers. Tables S3 and S4 show that there was
a similar mortality trend and change in suicide level in 2000
among workers aged 25-34 years.

4 | DISCUSSION

Marked differences in mortality rates were evident across
the two occupational categories over a period of 35 years.

Our results suggest that trends in mortality among both
white- and blue-collar workers have been decreasing
sharply since 2000. However, male white-collar workers in
Japan are at higher risk of mortality than blue-collar work-
ers. This finding contradicts those of studies that reported
an increased risk in all-cause mortality5 and increased odds
of poor self-rated health among blue-collar workers.” A
study among a cohort in Japan also found an increased risk
of mortality among blue-collar workers than white-collar
workers.’

Passive work, entailing low psychosocial job demands
and low levels of job control, is associated with increased
mortality, suggesting that job content influences workers'
health.”® White-collar workers are expected to adopt more
diverse and autonomous approaches when performing their
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TABLE 3 Mortality trends for male blue- and white-collar
working population

Confidence

Occupation Rate ratio interval
Cancer

Blue 0.971 (0.970-0.972)

White 0.976 (0.975-0.977)
Ischaemic heart disease

Blue 0.976 (0.974-0.978)

White 0.974 (0.972-0.976)
Cerebrovascular disease

Blue 0.946 (0.944-0.948)

White 0.956 (0.954-0.957)
Suicide

Blue 0.979 (0.976-0.981)

White 0.969 (0.967-0.972)

Note: Mortality trends are 5-yearly.

tasks compared with blue-collar workers, whose work tends
to be uniform and standardised. Diverse work could plausibly
lead to increased stress levels among workers. High levels of
job strain over time have been found to be associated with a
suppressed immune system, ultimately leading to a decline
in health and an increase in the overall disease risk.”' White-
collar productivity is lower than blue-collar productivity
in Japanese companies, but job demands are higher among
white-collar workers.? In 2006, 28% of J apanese men in pri-
vate companies worked over 12 hours a day, and in 2017,
around 8% of both male and female workers worked more
than 60 hours a week.”’ The enforcement of standardised
measures to stop employees from working overtime, such as
‘no overtime days’, by Japanese companies proved ineffective
because they prompted an increased amount of take-home
work among white-collar workers.** Long working hours re-
sults in lack of physical activity, physical fatigue and psycho-
logical stress, which are associated with increased incidence
of various diseases among white-collar men.” The findings
of a study in Japan in 2015 suggest that approximately 65%
of compensable cases of occupational cardiovascular disease
involved overtime work amounting to 80-119 hours a month
before disease onset.”® These conditions partly explain the

TABLE 4 Changes in suicide mortality rates among male blue-
and white-collar Japanese workers aged 25-64 years in 2000

Confidence Per
Occupation Rate ratio interval cent”
Blue 1.43 (1.36-1.51) 43.2
White 2.26 (2.15-2.37) 126.1

“Per cent change in mortality rates.

Journal of Occupational Health ¢ LEYM

higher mortality rates for white-collar workers compared
with those for blue-collar workers.

Death from suicide, heart attack and stroke due to over-
work is a growing concern among young workers in Japan.
The mortality rate by suicide is very high compared with the
other three causes among workers aged 25-34. The young
workforce, who are replacing retiring older workers, are ex-
pected to work extra hours and take on additional workload.
Recently, suicide linked to work-related stress, work overload
and long working hours has increased among Japanese peo-
ple aged 20-29.77 Similarly, there is an increasing number
of claimed and compensated cases for overwork-related car-
diovascular and cerebrovascular diseases and mental health
issues, especially among young employees.28 Support for
mental health issues for young workers needs to be promoted
in the workplace.

Hypertension is more prevalent among white-collar work-
ers compared to blue-collar Workers,22 which could account
for their higher rates of cerebrovascular disease and ischaemic
heart disease. Job strain and lack of job autonomy are asso-
ciated with an increased risk of cardiovascular mortality, es-
pecially among administrative workers.” A study in Taiwan
showed a 5.3-fold increase in the risk of ischaemic heart dis-
ease among blue-collar workers relative to white-collar work-
ers.™ In Japan, blue-collar workers are more likely to report
symptoms of cardiovascular disease, but white-collar work-
ers are 1.6 times more likely to be diagnosed with cardiovas-
cular disease.’! Maladaptive coping behaviours and physical
inactivity mediate metabolic syndrome in white-collar work-
ers.’? A study on Japanese male white-collar workers who
worked long hours showed that key maladaptive lifestyle fac-
tors included reduced hours of sleep and a lack of physical
activity.33

In recent years, with insurance coverage of medications
for ischaemic heart disease and cerebrovascular disease
medications, the mortality for these diseases has decreased.
Between 1970 and 2007, there was a significant reduction
in mean systolic blood pressure in the Japanese population,
which prompted a decline in proportion of stroke-related
deaths in Japan by one-quarter to one-third of all-cause
deaths.*

A study in China found that blue-collar workers have a
higher risk of all-cancer mortality compared with white-collar
workers.*® National cancer screening in Japan is associated
with the prevention of stomach cancer. A hospital-based case-
control study in Japan found a varying occupational gradient
with occupational class and an excess risk of prostate cancer
among professional workers in J apan.36 Managers and profes-
sionals in Japan have a higher risk of renal cancer suggesting
an association with high job stress.”” Studies have proposed
mechanisms for the adverse effects of psychological distress
on cancer development. The workplace reform following the
economic recession in the late 1990s put a lot of strain and
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job demand on managers, increasing the risk of psycholog-
ical distress,'® and potentially leading to an increased inci-
dence of cancer among white-collar workers. Similarly, a
study found that workers with high level of physical activity
are likely to have a decreased risk of cancer.”® Despite a lower
smoking rate among white- compared to blue-collar work-
ers,” our study's findings suggest an increased mortality risk
for male white-collar workers in Japan. One reason for in-
creased incidence of cancer could be the increased frequency
of screening among individuals with high socio-economic
status, resulting in overdiagnosis.40

Mortality trends for ischaemic heart disease and suicide
are decreasing faster among white-collar workers compared
with blue-collar workers. This difference could be attributed
to several advantages that white-collar workers have over
blue-collar workers, such as better incomes and working
conditions, time flexibility and supportive social ties. A high
socio-economic position is inversely associated with disease
mortality and morbidity.*' Similarly, the association between
socio-economic status and health is influenced by the level
of economic development.42 After the economic bubble burst
in the late 1990s, the gap in the mortality rates of blue- and
white-collar workers initially widened but subsequently de-
creased in the following years. Structural employment re-
forms and the diffusion of information and communication
technology in the late 1990s positively influenced the work
environment of white-collar workers,* promoting efficient
job execution.* It is therefore likely that stress and conse-
quently mortality were reduced.

In 2000, suicide levels increased among both white-collar
and blue-collar workers in Japan. The increase in suicide rates
for blue-collar workers, however, was relatively low compared
with that for white-collar workers. The suicide rate of white-
collar workers increased sharply in 2000, and the mortality rate
has subsequently remained higher than blue-collar workers.
The sharp increase in suicide mortality among white-collar
workers in 2000 is likely to have been caused by the economic
reforms that were introduced after the economic bubble, and
not solely the work environment. Deteriorating health is linked
to essential determinants, such as economic conditions. The
sharp rise in suicide rates in 2000 among both white- and blue-
collar workers could be because the proportion of the reduc-
tion of the Japanese workforce following the economic crisis
in 1998 increased from 1.3% in 1995 to over 3.8% in 2000 and
the following years, with 27.5% of companies implementing
labour adjustments in 2002.%

The findings from this study show that the financial cri-
ses in the mid-1990s had a bigger impact on white-collar than
blue-collar workers. The labour reforms reduced the propor-
tion of managers in the workforce from 6.3% in 1995 to 3.2%
in 2005, potentially increasing their job responsibilities and
job demands compared with blue-collar workers.'? During
the economic recession in the late 1990s, the average working

hours of regular workers increased in Japan, while their pro-
portion decreased in the workforce.*® In addition, unpaid
overtime hours increased in the late 1990s, especially among
white-collar workers, because of the cutbacks in funds during
the economic crisis. Managers were at high risk of overtime
work without pay due to the “white-collar exemption.” This
factor could have induced rising stress levels among white-
collar workers, leading to compromised health outcomes
and suicide. In South Korea, the main groups affected by job
losses in 1998 were workers from the lowest echelons, such
as clerical workers.*’ Following the formulation and imple-
mentation of suicide prevention policies in Japan in the mid-
2000s, suicide rates among both blue and white-collar workers
began to decline. The amendment of the Basic Act on Suicide
Prevention in 2016, requiring municipalities to formulate sui-
cide prevention plans, may have also prompted the steady de-
cline in Japanese suicide rates in recent years.

Our study has a few limitations. There may be information
bias potentially leading to misclassification of occupation into
specific categories because data on the last occupation of the
deceased were obtained from family and were not based on
records. We excluded unclassified occupational categories,
which mostly consisted of economically inactive men with
unknown last occupation,16 without adjusting for the mortal-
ity differences. Men in lower occupational classes are more
likely to be economically inactive and also have a different
risk of mortality from those in higher occupational classes, so
this could have led to bias. However, they only represented a
small proportion of the total workforce. Similarly, changes in
variable codes and occupational categories during the study
period may also have affected the results. Analysing the data
with detailed information on employment conditions would
have been very informative, but was not possible in this study
due to unavailability of data on these variables. This study
focused on mortality among men only, and further studies
are needed to investigate if the patterns of mortality observed
among men also apply to the female population. This study
standardised mortality rates using the 1985 population as
standard, which is consistent with most Japanese studies.
However, with the super-ageing Japanese population, the age
distribution varies significantly from 1980 to 2015. Thus, the
1985 population with a relatively higher proportion of young
people tend to weight event at these ages di sproportionately.48
The periodic revisions of the International Classification of
Disease may also have had some effect on the cause of death
and other variables in this study. Studies have shown that re-
vision is likely to create discontinuity in mortality statistics.*
This study used data from both ICD-9 and ICD-10, which
may have had some impact on the computed mortality rates,
thus ICD classification comparability ratios might need to be
taken into account when interpreting the mortality statistics.

In conclusion, white-collar male workers in Japan have
a higher risk of mortality compared to male blue-collar
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workers. However, despite substantial differences, significant
progress has been made in recent years in reducing mortality
across all occupations in Japan.
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