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Objectives   This study examined the relationship between work-related psychological stress and arterial
stiffness in young Japanese workers.
Methods   A cross-sectional study was conducted on 396 Japanese male workers, aged 24 to 39 years, employed
in a Japanese information service company. Work-related psychological stress was measured by the Job Content
Questionnaire based on the job demand–control model. The job-strain index was defined as the ratio of job
demand to job-control scores. The outcome of the study was the degree of arteriosclerosis as assessed by
brachial pulse-wave velocity (baPWV). The cardiovascular risk factors analyzed were age, heart rate, blood
pressure, body mass index, serum lipid, blood sugar levels, catecholamine levels, ethanol consumption, smok-
ing, and overtime. In addition, psychological responses were assessed by tension–anxiety and anger–hostility
scales in the Profile of Mood States (POMS).
Results   The baPWV was positively (P<0.05) associated with physiological variables including age, heart rate,
body mass index, and serum levels of total cholesterol, fasting glucose, and noradrenaline, but negatively
(P<0.01) associated with the job-strain index. Significant associations were not found on the POMS tension–
anxiety and anger–hostility scale scores. The negative correlation between baPWV and the job-strain index was
consistent even after control for the effects of significant physiological variables.
Conclusions   The association between job stress and baPWV was found to be inconsistent with the results of
previous western studies, and it may require further investigation while taking into account occupation,
cardiovascular risk factors, and Japanese culture.

Key terms   cardiovascular disease; job content questionnaire; work-related psychological stress.

1 Department of Hygiene and Public Health, Teikyo University School of Medicine, Tokyo, Japan.

Reprint requests to: Dr Kyoko Nomura, Department of Hygiene and Public Health, Teikyo University School of Medicine, 2–
11–1 Kaga, Itabashi-ku, Tokyo, Japan. [E-mail: kyoko@med.teikyo-u.ac.jp]

Cardiovascular diseases (CVD) are among the leading
causes of illness and death among the working popula-
tion in industrialized countries. Because of their com-
plex etiologies, only a very small proportion of the cas-
es are officially recognized as occupational diseases.
However, recent research indicates that occupational
factors account for most of the risk; especially work-
related psychological stress greatly contributes to the
development of CVD (1).

According to the job demand–control model defined
by Karasek (2), workers exposed to high job strain
(stressful conditions with high job demand and low job
control) have an increased risk of CVD (3–10). A lack

of social support at the workplace (3, 8, 11) and, more
importantly, job controllability contribute to a further
increase in the risk (11–13).

A significant positive association between psycho-
logical stress at work and CVD raises the following im-
portant questions for research. First, previous studies (3–
14) showing a positive association between job stress
indices (ie, job demand, control, strain and support de-
pending on the study) and CVD have been conducted
extensively in Europe and the United States, but not in
Japan, where the incidence of CVD and culture differ.
Second, in these studies, the application of the Job Con-
tent Questionnaire with respect to CVD was limited by
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reliance on prevalence data (4, 8, 11, 13). In addition,
the diagnosis of CVD was not confirmed by physical
examination and laboratory tests (5). Third, most of the
previous job stress studies investigated only specific risk
factors of interest without adjusting for CVD risk fac-
tors. The CVD risk factors considered were serum cho-
lesterol (15, 16), smoking (16), hemoglobin A1c (17),
and blood pressure (18, 19). In various models, addi-
tional factors for personal characteristics such as type
A behavior (20, 21) and hostility (22) have been used
to assess work-related stress in CVD-prone workers
since stress perception may differ among workers. Ele-
vations in hormones such as catecholamine and cortisol
have been reported to be associated with specific work
properties, such as time pressure, loud noise, and repet-
itiveness (23). Furthermore, overtime work has been
suggested to increase the burden on the cardiovascular
system (24). “Karoshi ” (death from excessive work) is
said to be one of the major occupational health prob-
lems in Japan.

In our study, we investigated the effect of work-re-
lated psychological stress on arterial stiffness in young
Japanese workers. Increasing arterial stiffness is one of
the pathological states of vascular damage, and it is
closely associated with atherosclerotic CVD (25).
Therefore, measuring the degree of arteriosclerosis with
adjustments for the effects of potential CVD risk fac-
tors may enable us to understand the mechanism of
stress-related CVD in young adults in Japan. Arterial
stiffness was measured from the brachial-ankle pulse-
wave velocity (baPWV), a reliable predictor of athero-
sclerotic vascular damage, as confirmed in a Japanese
working population of more than 10 000 persons (26–
28). It is anticipated that, if stress turns out to be a risk
factor for CVD in association with baPWV, early inter-
vention to reduce stress could reduce the risk of CVD.
Moreover, the seventh report of the Joint National Com-
mittee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure stated that young prehy-
pertensive workers should adopt lifestyle modifications
to reduce risk factors (29). As a result of this report, the
evaluation of vascular risk factors among young work-
ing populations has recently become an urgent concern.

Study population and methods

Study population

The investigation was carried out in the morning be-
tween 0830 and 1130 in June and July 2003 during pe-
riodic health check-ups in a Japanese information serv-
ice company. The company is located in the central area
of Tokyo and offers consultation in information tech-
nology (IT), system integration solutions, IT-based

science solutions, and data management. The company
employs computer software engineers and technicians,
sales workers, and computer equipment operators.
Among 1000 employees, 526 workers aged ≤40 years
received annual medical check-ups at the company.
These check-ups were mandatory according to the In-
dustrial Safety and Health Law in Japan, and thus the
attendance rate was 100%. Those older than 40 years
of age were referred to an independent health examina-
tion center outside the company for closer examinations.
The study was approved by the Committee of Health
and Safety in the company. All of the 526 workers were
recruited for our study, but two men refused because
they were unwilling to share their psychological infor-
mation. The remaining 524 persons signed a written in-
formed consent. The female workers were excluded be-
cause of their small sample size (17%), and therefore
437 men participated in the analysis. Of the 437, 41 with
less than 0.9 of the ankle-brachial pressure index record-
ed on one side of a leg were excluded because the range
of the ankle-brachial pressure index indicated a possi-
bility of arteriosclerosis obliterans, which would de-
crease pulse-wave velocity (27, 30). Thus the data of
396 men (mean age of 30 years) were analyzed in the
study. The study population included 5 men with a past
history of angina pectoris (without myocardial infarc-
tion) and 14 with a past history of hypertension, hyper-
lipidemia, or diabetes mellitus, all of whom had not re-
ceived any medication in the past year. All of the par-
ticipants were instructed to refrain from breakfast, cof-
fee, and smoking on the morning of the health exami-
nation.

Brachial-ankle pulse-wave velocity

The baPWV, ankle-brachial pressure index, and blood
pressure were measured simultaneously using an auto-
matic waveform analyzer (VaSera VS-1000, Fukuda,
Japan). The measurements were taken with the partici-
pants lying in the supine position after they had rested
for at least 5 minutes. The occlusion and monitoring
cuffs were placed around both sides of the participants’
upper and lower extremities. Pressure waveforms of the
brachial and tibial arteries were recorded simultaneously
with the use of an oscillometric method. The time in-
terval between the wave front of the brachial and ankle
waveform was defined as the time interval between the
brachium and the ankle (ΔTba). The distance between the
sampling points of the baPWV was calculated automat-
ically according to the body height of the participant.
The path lengths from the heart to the brachium and to
the ankle are designated as Lb and La , respectively. The
La – Lb was estimated according to the following equa-
tion: La – Lb = 0.59 × body height (cm) + 14.2, and
the baPWV was then calculated as follows: baPWV
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= (La – Lb) / ΔTba (31). The normal range of the baPWV
is between 9.84 and 10.35 m/s (31), and the reliability
and validity have been reported to be excellent (28). A
higher baPWV indicates more severe arterial stiffness.
A mean of the right- and left-sided baPWV in the sec-
ond measurement was used for our analyses.

Cardiovascular risk factors

Using previous baPWV studies (26, 32) as a guide, we
assessed the following CVD risk factors: age, heart rate,
blood pressure, body mass index, serum total cholester-
ol, serum triglyceride, fasting glucose and catecho-
lamine levels, ethanol consumption (grams/week), cig-
arettes smoked/day, and overtime work (hours/month).
Body weight and height were obtained by anthropomet-
ric measurements and used to calculate the body mass
index (kg/m2). The biochemical markers were measured
by standard laboratory techniques, and the plasma cate-
cholamine levels (adrenaline, noradrenaline, and
dopamine) were measured by routine high-performance
liquid chromatography (33). Alcohol consumption was
determined according to the quantity and frequency and
converted into weekly ethanol consumption (grams/
week). Overtime work was defined as any extra hours
worked that exceeded the normal daily workhours. The
data on overtime work were obtained from each partic-
ipant’s computerized work records for the 4 months pri-
or to our study.

Psychological responses

The Profile of Mood States (POMS) (34), completed
before the physician’s interview, identifies and assess-
es transient, fluctuating affective mood states of ten-
sion–anxiety, depression–dejection, anger–hostility, vig-
or–activity, fatigue–inertia, and confusion–bewilder-
ment. The reliability and validity of the Japanese ver-
sion of the POMS was reported to be excellent (35). In
our study, the POMS tension–anxiety and anger–hostil-
ity scales were used according to a previous report on
the effect of psychosocial stress on CVD (22).

Work-related psychological stress

Work-related psychological stress was measured by the
Japanese version of the Job Content Questionnaire,
whose reliability and validity has been reported to be
excellent for assessing job stressors among Japanese
employees (36). The questionnaire consists of scales for
job demand, control, and social support (2, 37). The
scale for job demand is defined by the speed in com-
pleting work, the degree of difficulty of the work, the
amount of work, the time allowed to complete the work,
and conflicting demands. Job control was defined by the

possibility to learn new things, the repetitious nature of
the work, the requirement for creativity, the level of skill
required, the ability to make decisions over how to per-
form the work, the right to make one’s own decisions,
and the ability to take part in group decisions. The so-
cial support scale consists of support from supervisors
and colleagues.

The subjects completed the questionnaire in a quiet
room before the physical examination. The mean scores
of the study population were 33.0 (SD 5.5) for job de-
mand, 67.1 (SD 11.0) for job control, and 30 (SD 3.3)
for social support.

According to the literature on the Japanese version
of the questionnaire (36), a “high job-demand” group
was defined as having a job-demand score of ≥30, and
for the “low job-demand” group the score was <30. A
“high job-control” group was defined as having a job-
control score of ≥65, and “low job control” was used
for scores of <65 (36). Job strain was calculated as job
demand divided by job control. According to Landsber-
gis et al (38), since the top 20% predicts job-related psy-
chological stress, the percentile score formed a high job-
strain group with the remaining participants allocated
to a low job-strain group (35).

Differences in the cardiovascular risk factors and the
psychological responses between the high and low
job-strain groups

Table 1 shows the distributions of the CVD risk factors
and the POMS scores in the high and low job-strain
groups. The participants in the high job-strain group
tended to be younger and have higher POMS tension–
anxiety and anger–hostility scores than those in the low
job-strain group. Those in the high job-demand group
tended to work for a longer time and have higher POMS
tension–anxiety and anger–hostility scores than those in
the low job-demand group (data not shown). Those in
the high job-control group tended to be older than those
in the low job-control group (data not shown).

Statistical methods

The data analyses were conducted using SAS version
8.12 for Windows (32). All of the tests were two-sided
with a significance level of 5%.

The generalized linear model (GLM) (32) of the
SAS program was used to estimate the impacts of the
job-stress variables, CVD risk factors, and the POMS
scores on baPWV. In this model, the questionnaire pa-
rameters were treated as continuous variables. First, lin-
earity was assessed between each explanatory variable
and baPWV, and, in the linear regression model, an out-
lier in fasting glucose was excluded. The correspond-
ing regression coefficient reflects either an increase or
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decrease in baPWV per unit increase in this variable.
Then the significant variables at P<0.1 in the univariate
GLM were selected for entry into the next GLM step
(31). Since job strain could operate through higher blood
pressure giving rise to higher baPWV (26–28), it has
been suggested that blood pressure may play a role as
an intermediator between job strain and baPWV. Thus
blood pressure was excluded from the model, since it
could have overadjusted the results. Alcohol consump-
tion and overtime work were also excluded in the final
model because of the large number of missing data. In
these multivariate analyses the questionnaire scores
were represented by job demand and control (model I)
or by the job-strain index (model II). Variance inflation,
tolerance, and co-linearity were examined to determine
the existence of multi co-linearity problems (39). A
more sophisticated diagnosis was achieved via a princi-
pal components analysis of the standardized predictor
variables. Detailed explanations and the recommended
values for each co-linearity diagnostic testing have been
reported elsewhere (40). The model fitness by residuals
was assessed to determine a set of significant covari-
ates for the final GLM.

To examine the specific interactive effects of the
CVD risk factors and psychological responses between
job strain and baPWV, the statistical interaction was also
assessed including an “interaction term” between each

risk factor and the POMS score and job-strain variable
in the analysis.

Results

Table 2 shows the effects of job stress at work, the CVD
risk factors, and the psychological responses on baPWV.
The univariate analyses showed that the significant pre-
dictors of baPWV were the job stress variables of job
control and strain, age, heart rate, body mass index, and
the serum lipid, fasting glucose and serum noradrena-
line levels. Social support, smoking, and the two POMS
scores were not significantly associated with baPWV.
Co-linearity problems existed between the total choles-
terol and triglyceride levels. A representative variable
of total cholesterol was selected for the final GLM with
the other variables selected at the significant level of
0.1 in the univariate analyses. Residual analyses re-
vealed no obvious curvilinearity. The multivariate anal-
yses showed that the independent significant predictors
of baPWV were job strain, age, heart rate, and serum
noradrenaline levels. While these CVD risk factors were
positively associated with baPWV, only job strain pre-
dicted baPWV inversely.

Table1.  Distribution of risk factors for cardiovascular disease and psychological responses in the high and low job-strain groups. a

Variable Job strain Total (N=396)

  Low (N=314) High (N=82)

Median Interquarter range Median Interquarter range  Median Interquarter range

Cardiovascular disease risk factors        

Age 31 27–35 29 25–34 30 26–34
Heart rate (beats/min) 63 58–70 64 57–73 63 57–71
Blood pressure (mm Hg)

Systolic blood pressure 110 110–128 118 110–126 120 110–126
Diastolic blood pressure 79 68–80 70 68–78 70 68–78

Body mass index (kg/m2) 22.5 20.5–24.4 21.9 20.5–24.5 22.4 20.5–24.4
Serum lipid and sugar

Total cholesterol (mg/dl) 182 157–208 175 148–209 181 155–208
Triglyceride (mg/dl) 90 62–134 87 59–142 90 61–134
Fasting glucose (mg/dl) 89 84–94 87 83–92 89 84–93

Serum catecholamines
Adrenaline 0.04 0.03–0.05 0.04 0.03–0.05 0.04 0.03–0.05
Noradrenaline 0.36 0.28–0.46 0.35 0.28–0.48 0.36 0.28–0.46
Dopamine 0.01 0.01–0.01 0.01 0.01–0.01 0.01 0.01–0.01

Ethanol consumption b (g/week) 80 40–140 46 20–120 70 30–140
Overtime work c (hours/month) 32 14–54 35 12–60 32 13–56

Profile of mood states (POMS)       

Tension–anxiety 8 5–13 10 7–16 8 5–13
 Anger–hostility 4 1–8 5 2–12 4 1–9

a Smokers (current and past) versus nonsmokers (never smokers): total number of 179 (46%), 135 (44%) having low job strain and 44 (54%) having high
job strain. There were 11 missing values.

b There were 109 missing values.
c There were 121 with overtime work.
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Statistical interaction was assessed between the job-
stress variables and baPWV with other independent var-
iables selected at P<0.1 by a univariate model. An in-
verse association between job strain and baPWV was
found to vary depending on age, body mass index, and
total cholesterol (data not shown). In addition, table 3
shows the parameter estimate of baPWV when age,
body mass index, and total cholesterol were tentatively

divided into binary variables at the cut-off point of the
median. The negativity of the parameter estimate of
baPWV was stronger in the groups with the older age,
larger body mass index, and higher total cholesterol lev-
els than in those with the younger age, smaller body mass
index, and lower total cholesterol level, respectively.

Discussion

In our study, the effect of the work-related stress pa-
rameters on baPWV did not agree with the results of
previous studies investigating the effects of job stress
on CVD in western countries. In fact, the effects were
the opposite of what was expected from the job-strain
hypothesis, stating that workers with high job strain
have an increased risk for CVD (11). Job strain was
found to be negatively associated with baPWV even af-
ter control for significant CVD risk factors such as age,
heart rate, and serum noradrenaline levels. This inverse
association became stronger as age, body mass index,
and total cholesterol increased.

Table 3. Interaction effect of age, body mass index, and total
cholesterol in the multivariate model of brachial pulse-wave ve-
locity (baPWV).

Variables Parameter estimate P-value of
of baPWVa

Upper-half Lower-half
groupb groupb

Age (years) –2.93 –0.549 0.043 
Body mass index (kg/m2) –1.974 –1.022 0.044 
Total cholesterol (mg/dl) –2.446 –0.722 0.011 

a Adjusted for job strain, age, heart rate, and total cholesterol, glucose and
noradrenaline levels.

b The upper- and lower-half groups were based on the medians of the
three variables studied.

statistical
interaction

Table 2. Effects of job stress at work, risk factors for cardiovascular disease, and psychological responses on brachial-ankle pulse-
wave velocity (N=396).

Variables Univariate analyses Multivariate analysis a

Model I b Model II c

Regression Standard Regression Standard Regression Standard
coefficient error coefficient error coefficient error

Scales of the job content questionnaire 

Demand –0.009 0.012 –0.022 e 0.010 · ·
Control 0.023 f 0.006 0.016 f 0.005 · ·
Social support 0.002 0.020 · · · ·
Job strain –1.860 f 0.520 · · –1.382 f 0.448

Cardiovascular disease risk factors

Age 0.103 g 0.012 0.076 g 0.012 0.077 g 0.012
Heart rate (beats/min) 0.034 g 0.006 0.022 g 0.006 0.022 g 0.006
Body mass index (kg/m 2) 0.068 f 0.021 0.004 0.020 0.002 0.020
Serum lipid and sugar

Total cholesterol (mg/dl) 0.008 g 0.002 0.003 0.002 0.003 0.002
Triglyceride d (mg/dl) 0.004 g 0.001 · · · ·
Fasting glucose (mg/dl) 0.020 e 0.008 0.010 0.005 0.010 0.005

Serum catecholamines
Adrenaline 2.529 1.758 · · · ·
Noradrenaline 1.334 f 0.438 0.855 e 0.395 0.835 e 0.394
Dopamine 16.649 12.076 · · · ·

Cigarettes smoked a day 0.007 0.007 · · · ·

Profile of mood states

Tension–anxiety 0.004 0.011 · · · ·
 Anger–hostility 0.012 0.010 · · · ·

a Adjusted for age, heart rate, body mass index, total cholesterol, fasting glucose, and serum noradrenaline.
b Demand and control were analyzed simultaneously, R-square 0.26.
c Job strain was analyzed by excluding demand and control, R-square 0.25.
d Because of colliniarity, triglyceride was excluded from the multivariate analysis.
e P<0.05.
f P<0.01.
g P<0.001.
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Although a relationship between job strain and CVD
has been widely researched in western countries (3–5,
8), the job-strain hypothesis remains to be established
in other countries (15, 17–18, 20, 41–43). The results
of the CARDIA study (18) were compatible with our
findings, showing inverse associations with risk factors
for high job demand, low control, and job strain among
young adults. Several possible reasons for the inconsist-
ent effects for job stress with respect to the job-strain
hypothesis on baPWV as observed in our study follow.
First, the characteristics of the study groups (ie, high and
low job-strain groups) appeared to differ; the partici-
pants in the low job-strain group tended to have higher
diastolic blood pressure, body mass index, total choles-
terol, triglyceride, fasting glucose, and ethanol con-
sumption than those in the high job-strain group. Al-
though it was inconclusive, this finding may indicate
that the adverse effects of unhealthy lifestyles on baPWV
were more severe in the low job-strain group than in
the high job-strain group and contributed to the statisti-
cal interaction finding that the inverse association be-
tween job strain and baPWV was stronger as body mass
index and total cholesterol increased.

Second, age-related cultural factors may have result-
ed in an atypical phenomenon with respect to the rela-
tionship between job strain and baPWV observed in our
study. Iwata and his colleagues (44–47) indicated that
self-reported psychological distress is affected among
Japanese workers by traditional Japanese culture in re-
lation to age in that older workers are more likely to
suppress their expressions of positive feelings than
younger workers. For instance, in the Honolulu heart
program study, the participants from the Japanese an-
cestry cohort in Hawaii showed that high job strain ap-
peared to be inversely associated with arteriosclerosis
(41). Inconsistent results of other studies (48, 49) also
suggest that the application of the Job Content Ques-
tionnaire among Japanese workers is of concern and
needs to be further evaluated with cultural influences
and worker’s age taken into consideration.

Some methodological problems were encountered in
our study. First, the reliability and validity of measure-
ment for baPWV should be discussed. baPWV is report-
ed to be a valid, noninvasive method for monitoring ar-
teriosclerotic vascular changes in large population stud-
ies (32, 49). A higher baPWV has been found to be as-
sociated with an increased risk of myocardial infarction
(27, 28). In our study, the baPWV reproducibility was
97.1%, and baPWV was associated positively with the
CVD risk factors of age, heart rate, blood pressure, and
serum noradrenaline levels, as in a previous study (26).
These results support the possibility that baPWV is a
reliable predictor of arteriosclerosis even for young
workers. In relation to the measurement using an auto-
matic waveform analyzer, the number of participants

with an ankle-brachial pressure index of <0.9 (N=41)
seemed to be somewhat large. An ankle-brachial pres-
sure index of <0.9 indicates the possibility of arterio-
sclerosis obliterans, and, accordingly, these persons
were excluded from our study. It was not sure whether
such a relatively large number may be due to measure-
ment error (22 out of the 41 persons with an ankle-bra-
chial pressure index of <0.9 were recorded on one side
of one of their legs). Nevertheless, our previous study
(30) showed that people with an ankle-brachial pressure
index of <0.9 accounted for 10% of the total study pop-
ulation, a finding compatible with the present study. We
performed additional analyses that included the 41 per-
sons with an ankle-brachial pressure index of <0.9 and
confirmed that the results did not significantly differ
(data not shown). Future studies should include a mo-
dality for measuring arteriosclerosis obliterans as objec-
tively as possible.

Second, although overtime work and lifestyle fac-
tors such as drinking and smoking are known predic-
tors of arteriosclerosis (24), overtime work and ethanol
consumption were not included in our multivariate anal-
yses due to the large number of missing data. With re-
gard to smoking effect, although unhealthy lifestyles
were suggested to be linked with low job strain, as dis-
cussed earlier, the proportion of smokers was lower in
the low job-strain group. However, smoking status did
not take into account the duration of smoking, and, ac-
cordingly, more precise information is needed. Hence the
effects of overtime work and lifestyle factors on baPWV
require further investigation in future studies.

Third, with regard to the generalizability of the re-
sults of our study, the types of work need to be assessed
in a comparison with those in relevant studies. They in-
clude computer software engineers and technicians,
sales workers, and computer equipment operators. The
results of the Job Content Questionnaire [31.9 (SD 5)
for job demand and 66.1 (SD 11) for job control] of our
study were comparable with the findings of another
study (36) investigating job-related psychological stress
in the information technology industry as measured by
the Japanese version of the Job Content Questionnaire.

Finally, since our study was cross-sectional, a defi-
nite inference is difficult with respect to a causal rela-
tionship between work-related psychological stress and
baPWV, as well as between psychological stress and
cardiovascular and psychological responses. Addition-
al studies are needed that employ a more sophisticated
study design.

In summary, we evaluated baPWV as a CVD proxy
after simultaneously adjusting for CVD risk factors and
psychological responses. Although baPWV was consist-
ently related to the traditional CVD factors of age and
heart rate, our study did not support the job-strain hy-
pothesis stating that high job strain increases the risk of
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CVD. Areas needing additional research are the appli-
cability of the Job Content Questionnaire to a Japanese
cohort and the need for a more delicate conceptualiza-
tion of work-related stress on CVD with occupation,
CVD risk factors, and traditional Japanese culture tak-
en into account.
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