
Introduction

Studies in European countries1–9) have revealed
inequalities in mortality and incidence rate of cardiovas-

cular disease by occupational class, with a higher rate
found in manual workers compared to non-manual work-
ers.  Widening relative health inequalities among occu-
pational classes were also reported3, 9).  Moreover, results
from the Whitehall study showed a clear inverse rela-
tionship between employment grade and coronary heart
disease mortality and morbidity in civil servants with rel-
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Abstract:  We investigated whether occupational class affects the incidence of cardiovascular
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Japan.  The hazard ratios of stroke, myocardial infarction (MI) and cardiovascular events (com-
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sudden cardiac death) with an incidence rate of 3.14 per 1,000 person-years for cardiovascular
events; 1.68 for stroke and 1.20 for MI.  Blood pressure and HbA1c significantly increased the
risk of stroke.  Body mass index and total cholesterol significantly increased the risk of MI.
However, occupational class was determined not to be a risk factor for cardiovascular events.
The hazard ratios of stroke, MI and cardiovascular events for manual workers compared with
non-manual workers were 0.97 (95%CI, 0.45–2.08), 0.73 (95%CI, 0.30–1.79) and 0.92 (95%CI,
0.53–1.61), respectively.  Our study did not reveal significant occupational class inequalities in
the rate of cardiovascular events.  These findings are not in accordance with studies from other
industrialized countries.
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atively stable employment10–12).  The inequalities of tra-
ditional cardiovascular risk factors, such as smoking and
high blood pressure, and psychosocial factors were con-
sidered to be mediating factors for such health inequali-
ties6–8, 10–12).

In Japan, much effort was been expended to establish
biological and behavioral risk factors for stroke and
myocardial infarction13–16).  Risk factors such as blood
pressure, metabolic factors and smoking are not different
from those of European countries and the US.  However,
little information on how occupational class inequalities
relate to cardiovascular disease is available in Japan.  A
multi-center, community-based cohort study from Japan
did not show significant differences in mortality from car-
diovascular disease between office workers and manual
workers, although there was a significant difference in
mortality from stroke in the self-employed versus the
employed17).

In the present study, we analysed incidence rates of car-
diovascular events including stroke, MI and sudden car-
diac death in a Japanese cohort of middle-aged employ-
ees over a 12-yr period comparing manual and non-man-
ual workers.  The aim of this study was to investigate
whether occupational class (manual versus non-manual
workers) affected the incidence rate of cardiovascular
events in Japan.

Methods

Study population
Ethics approval was obtained from the Kanazawa

Medical University Epidemiological Research Ethics
Committee, Ishikawa, Japan.  The study population con-
sisted of Japanese men employed by a light metal facto-
ry in Toyama Prefecture, Japan.  This factory employed
4,440 male and 2,776 female employees.  Among the
1,967 male workers aged 40–59, 1,920 workers who
underwent a medical checkup and a questionnaire in 1994
(participation rate, 97.6%), were enrolled as study partic-
ipants.  Of the 1,920 participants, 126 workers who had
a history of cardiovascular events or who provided insuf-
ficient information at baseline were excluded.  The cohort
consisted of 1,794 men.  Subjects were followed annual-
ly until they were diagnosed with a cardiovascular event
or until the end of 2006.

Occupational category
Subjects were categorized as non-manual workers or

manual workers according to their occupation.
Information on occupation at baseline was sorted into
seven categories based on the company’s own classifica-
tion; i.e., managers, engineers, clerks, salesmen, laborers,
transport workers, and others.  This was compatible with

the Japanese Standard Occupational Classification18).
Employees classified as managers included workers who
acted as general supervisors.  Engineers were system engi-
neers and workers engaged in developing new products.
The transport workers were mainly engaged in picking up
and delivering employees, driving relatively short dis-
tances to deliver materials and goods, and operating
cranes.  Laborers were involved in the operation of
machines and the construction or processing of aluminum
products.  The ‘others’ category included guards, garden-
ers, shop-persons at the branch factory, and individuals
engaged in managing dormitories and catering.  Non-man-
ual workers consisted of managers, engineers, clerks, and
salesmen, with the remaining individuals (laborers, trans-
port workers, and workers in the ‘others’ category) con-
sidered manual workers.  

Baseline examination
Anthropometric data and biomarkers were obtained

from all subjects in 1994.  Body weight was measured
with the subject wearing light clothing without shoes
using a standard scale and height and was measured to
the nearest 0.1 cm, without socks, using a stadiometer.
Body mass index (BMI) was calculated as weight in kilo-
grams divided by height in meters squared (kg/m2).
Systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) were measured with a mercury sphygmo-
manometer on the right arm of the subject while he was
seated after 5 min of rest.  Mean blood pressure (MBP)
was obtained by the formula: MBP = (SBP + DBP × 2)/3.
A fasting blood sample was taken from each subject at
least 10 h after his last meal.  Laboratory tests were per-
formed by a laboratory test center.  Serum total choles-
terol (TCh) and glycated hemoglobin A1c (HbA1c) were
measured by enzyme assay and latex agglutination
method, respectively.

A self-administered questionnaire was used to collect
information concerning working hours, mental and phys-
ical work load, and lifestyle, including smoking habits,
drinking habits, and leisure time physical activity.
Working hours were classified into two groups: ≥10 h and
<10 h per day.  Physical and mental work load were
assessed using a single questionnaire and classified into
either heavy work or others.  Smoking habit was classi-
fied into either smoking or non-smoking.  Drinking habit
was measured by the frequency of drinking per week and
classified into two categories: <5 times/wk or ≥5 times/wk.
Leisure-time physical activity was classified into either
lack of regular leisure time physical activity (participation
<1 time per week) or regular leisure-time physical activity.  

Follow-up and endpoint determination
Incidence of cardiovascular events were ascertained
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until December 2006.  Among 1,794 subjects, 1,331
remained in the company and 463 retired or left the fac-
tory before the end of the follow-up period.  For subjects
who stayed with the target company, histories taken at the
annual health checkup and medical certification for sick-
ness absence were used for the follow-up.  For the 463
retired participants, questionnaires regarding history of
cardiovascular events were sent annually by mail.  Thirty-
one subjects (6.7%) were lost from the 463 retired work-
ers or from those who left the factory before the end of
follow-up period, including 8.0% for manual workers and
3.6% for non-manual workers.  In the case of deceased
subjects, information was obtained from the subjects’
families.  To confirm the diagnosis, hospital medical
records were reviewed with subjects’ consent.  For some
deceased subjects, death certificates were referenced.

The criteria for MI were modified from those of the
WHO (MONICA Project)19).  Definite MI was indicated
by typical chest pain, with the appearance of abnormal
and persistent Q or QS waves, changes in cardiac enzyme
activity, or both.  Probable MI was indicated by typical
chest pain when the findings of electrocardiograms or
enzyme activity were not available.  Sudden cardiac death
was defined as death within 1 h of onset, a witnessed car-
diac arrest, or abrupt collapse.

Stroke was defined as a focal neurological disorder with
rapid onset, which persisted at least 24 h or until death.
Stroke events were classified as cerebral hemorrhage,
cerebral infarction, or subarachnoid hemorrhage based on
computed tomography (CT) and magnetic resonance
imaging (MRI).  Stroke cases without imaging studies
were subclassified according to clinical criteria.  The pro-
portion of stroke cases confirmed by CT and MRI was
91.7%.

Cardiovascular events included stroke, definite or prob-
able MI and sudden cardiac death.

Statistical analysis
The means of age, BMI, BP, HbA1c, and TCh at the

baseline examination were calculated and tested by t test
according to occupational category (manual vs. non-man-
ual).  Smoking habit, drinking habit, and leisure time
physical activity were tested by χ2 test according to occu-
pational category.  The incidence rates of stroke, MI and
cardiovascular events were expressed per 1,000 person-
years.  The incidence rate and its 95% confidence inter-
val (CI) were computed by the approximate Poisson
Method20).  Age-adjusted rates were calculated with indi-
rect methods of standardization using all workers as a
standard population.  In the multivariate analysis, the haz-
ard ratios and 95%CI for stroke, MI and cardiovascular
events were estimated by the Cox’s proportional hazards
regression model, after adjusting for confounding factors,

including age, BMI, MBP, HbA1c, TCh, smoking, drink-
ing habit, and leisure time physical activity.  In the analy-
sis, biological confounding factors were used as continu-
ous variables, irrespective of medication.  The analyses
were performed using SPSS 16.0 software (SPSS Inc,
Chicago, IL, USA) with p<0.05 considered statistically
significant.

Results

The total number of subjects and their baseline char-
acteristics by occupational class are shown in Table 1.
There were 632 non-manual workers and 1,162 manual
workers.  The mean age of the non-manual workers was
significantly younger than that of the manual workers.
The baseline BMI, SBP, DBP and TCh were similar
between the two groups, but the HbA1c level of the man-
ual workers was significantly higher.  The difference
between non-manual and manual workers with regards to
behavioral risk factors, such as smoking and drinking
habits, was not significant.  The prevalence of lack of reg-
ular leisure time physical activity was higher for manual
workers than for non-manual workers.  The prevalence of
long work hours and heavy mental work load were high-
er for non-manual workers than manual workers.

Table 2 shows the incidence rates of stroke, MI and
cardiovascular events combined stroke, MI and sudden
cardiac death according to occupational class.  In the 12-
yr follow-up period, there were 60 cardiovascular events,
with an incidence rate of 3.14 per 1,000 person-years.
The mean follow-up time to an event was 5.6 yr.  Among
these 60 cases, 23 were classified as definite MI and 5
sudden cardiac deaths, and 32 were classified as stroke,
including 25 cases of cerebral infarction, 5 cases of cere-
bral hemorrhage and 2 cases of subarachnoid hemorrhage.
There were 23 events (11 stroke, 10 MI and 2 sudden
cardiac deaths) in non-manual workers and 37 events (21
stroke, 13 MI and 3 sudden cardiac deaths) in manual
workers.  For the manual workers, the incidence rate of
stroke was similar to non-manual workers, but the inci-
dence rate of MI was lower.  All age-adjusted incidence
rates of cardiovascular events, stroke, and MI between the
two groups were not significantly different.

In Table 3 we show the hazard ratios of the biological
factors, health-related behavioral factors and work relat-
ed factors for stroke, MI and cardiovascular events using
the Cox proportional hazards regression model.  In the
Cox model, age, MBP and HbA1c significantly increased
the risk of stroke.  BMI and Tch significantly increased
the risk of MI.  Smoking was suggested as a risk factor
for MI.  Age, MBP and HbA1c increased the risk of car-
diovascular events, and habitual drinking significantly
decreased the risk of cardiovascular events and MI.
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Table 4 shows the hazard ratios of stroke, MI and car-
diovascular events for manual workers compared to non-
manual workers using the Cox’s proportional hazards
regression model.  In the model, the hazard ratio of car-
diovascular events for manual workers compared to non-
manual workers was 0.80 (95%CI, 0.48–1.35) after
adjusting for age alone and 0.92 (95%CI, 0.53–1.61) after
adjusting for age, BMI, MBP, TCh, and HbA1c and for
all confounding factors, including health-related behaviors

(smoking, drinking, and leisure time physical activity).
The hazard ratio of stroke for manual workers compared
to non-manual workers was 0.97 (95%CI, 0.45–2.08) after
adjusting for all confounding factors, including biological
factors and health-related behaviors.  The hazard ratio of
MI for manual workers compared to non-manual workers
was 0.73 (95%CI, 0.30–1.79) after adjusting for all con-
founding factors, including biological factors and health-
related behaviors.  These results did not change after con-
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trolling for work related factors, including working hours
and mental and physical work load.

Discussion

To investigate whether a relationship between occupa-
tional class and cardiovascular events exists in Japan as
compared to other industrialized nations, we conducted a
prospective, 12-yr follow-up study of a group of male fac-

tory employees.  Incidence rates were 1.68/1,000 person-
year for stroke and 1.20/1,000 person-year for MI among
all subjects.  These rates approximated the rates from
other Japanese study populations, such as men in Osaka
aged 40–69 (stroke 1.18/1,000 person-year; MI 0.9/1,000
person-year) and men in Akita aged 40–69 (stroke
2.31/1,000 person-year; MI 0.51/1,000 person-year)21).  If
we compare the data for the same age group, the inci-
dence rates in our subjects are higher compared to these
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pational class according to Cox’s proportional hazards regression model



other two geographic areas.
In the present study, manual workers did not show a

significant increase in the risk of cardiovascular events
compared to non-manual workers.  The incidence rate of
stroke in both groups was almost identical.  The incidence
rate of MI in manual workers was lower compared to non-
manual workers, but no significant difference was found.
Also, the results did not differ after adjusting for behav-
ioral or biological risk factors.  Analysis was also per-
formed after sub-categorization of the non-manual work-
ers into two groups; that is, either managers and engineers
(n=411) or clerical and sales workers (n=221).  We did
not find a significantly higher risk of cardiovascular
events for manual workers compared with managers and
engineers or clerical and sales workers (data not shown).
These findings are in disagreement with many studies
from other industrialized countries.  Stroke mortality and
incidence rate of manual workers were significantly high-
er than those of non-manual workers in European coun-
tries and US1, 2, 4, 7, 9), although a north-south gradient was
observed for ischemic heart disease; mortality from
ischemic heart disease was strongly related to occupa-
tional class in England and Wales, Ireland, Finland,
Sweden, Norway and Denmark, but not in France,
Switzerland, Spain and Portugal1).

Other studies have attempted to explain the health
inequalities regarding cardiovascular diseases by differ-
ences in health behaviors or biological risk factors6, 8, 10, 11).
These studies showed that members of the manual class
had higher blood pressure levels, higher BMI, and
increased prevalence of current cigarette smoking.
However, we did not find significant differences in those
risk factors at baseline between the two groups, except
for HbA1c and leisure time physical activity.  In a com-
parative study on socioeconomic differences in behavioral
and biomedical risk factors in a Japanese and English
cohort of employed men, it was found that higher employ-
ment grades in Japan had higher BMI and waist-to-hip-
ratios and lower high-density lipoprotein cholesterol lev-
els, while the opposite associations were found among
men in England22, 23).  These results were validated by
another study in Japan, using educational background as
a socioeconomic factor in the study24).  A health man-
agement system, including health check-ups and a follow-
up system to prevent work-related diseases, including car-
diovascular disease, was developed based on labor laws
enacted in Japan25).  All workers, particularly those in
large enterprises, receive equal benefits from this system
regardless of their occupational class.  This might par-
tially contribute to the lack of inequality among the tra-
ditional risk factors and incidence of cardiovascular
events by occupational classes in our subjects.

Psychosocial factors were also considered as con-

tributing to the inequalities between occupational classes
and employment grades as they relate to cardiovascular
diseases7, 12).  Researchers found that the lower employ-
ment grades suffered more psychosocial distress.  We
used a simple questionnaire asking for a self-estimation
of mental load and work hours instead of the established
questionnaires normally used to detect job psychosocial
distress.  Non-manual workers worked more hours and
felt more mental load compared with manual workers.  It
appeared that the psychosocial distress of manual work-
ers was not higher than non-manual workers.

Our study has several limitations.  Our subjects were
recruited in one workplace.  Our results may therefore
reflect the tendency of subjects in a stable and favorable
workplace environment.  Since there has been little pre-
vious research on this topic, more studies are required.
In addition, the problem of statistical power due to small
sample size cannot be ignored.  In addition, our follow-
up period may have been too short to acquire an adequate
number of subjects in the age range of 40–59.  However,
the traditional cardiovascular risk factors were determined
as significant risks in this study.  Therefore, we can say
that occupational class did not affect the onset of cardio-
vascular events to the same degree as the traditional risk
factors.  Since the mean age of our non-manual workers
was younger than that of our manual workers, we may
have underestimated the incidence rates of cardiovascular
events in non-manual workers even after age adjustment.
This could potentially mask inequalities in cardiovascular
events between occupational classes, which is opposite to
the findings of other industrialized countries.  Finally,
some might query whether the difference in occupation-
al class contained socioeconomic aspects.  We analysed
the employment grade after 6 yr from baseline for 1,783
subjects.  Our data revealed that there was a significant
difference in employment grade between the two groups;
42.7% of non-manual workers were of managerial or
administrative rank, compared to only 5.1% of manual
workers.  Therefore, the occupational category was con-
sidered to reflect employment grade.

In conclusion, our findings do not indicate an elevated
risk for the development of cardiovascular events in man-
ual workers when compared to non-manual workers in a
large-scale factory in Japan.  These findings are not in accor-
dance with many studies from other industrialized countries.
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