Origina/ article

Scand J Work Environ Health 2008,34(1):48-54

Job strain and arteriosclerosis in three different types of arteries among
male Japanese factory workers

by Takehiro Michikawa, MD," Yuji Nishiwaki, MD," Tetsuo Nomiyama, MD,? Takamoto Uemura, MD,?
Toshihiro O’Uchi, MD,* Haruhiko Sakurai, MD,*> Kazuyuki Omae, MD," Toru Takebayashi, MD

Michikawa T, Nishiwaki Y, Nomiyama T, Uemura T, 0’Uchi T, Sakurai H, Omae K, Takebayashi T. Job strain and
arteriosclerosis in three different types of arteries among male Japanese factory workers. Scand J Work Environ-
ment & Health. 2008;34(1):48-54.

Objectives This study evaluated the association between job strain and subclinical indicators of arteriosclerosis
simultaneously in the cerebral artery, the aorta, and the carotid artery.

Methods The participants in this cross-sectional study consisted of 352 male factory workers between the ages
of 24.9 to 55.8 (mean 41.7) years who had not been exposed to any hazardous chemicals in Japan. Job strain
was measured using a Japanese version of the Job Content Questionnaire developed by Karasek. The following
subclinical indicators of arteriosclerosis were examined by noninvasive procedures: hyperintense spots in T2-
weighted images in brain magnetic resonance imaging (MRI), pulse wave velocity of the aorta, and the stiffness
parameter of the carotid artery using ultrasound and systolic and diastolic blood pressure.

Results After control for potential confounders, high job strain was associated with an increased prevalence
of hyperintense spots (adjusted odds ratio 2.53, 95% confidence interval 1.14-5.63), and elevated pulse-wave
velocity (adjusted increase in percent 3.5, 95% confidence interval 0.0-6.9). The stiffness parameter tended to
be elevated in the high job-strain group although this trend was not statistically significant. Job strain showed
no relation to blood pressure.

Conclusions In this study, job strain was associated with subclinical indicators of arteriosclerosis in different
arteries although the association was not statistically significant for the carotid artery. New information is offered
by brain MRI for arteriosclerosis in the cerebral artery. An increase in hyperintense spots may explain the link
between job strain and cerebrovascular disease.
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Work stress plays an important part in illness. It is
particularly known as a risk factor for cardiovascular
disease (1-6), hypertension (7-9), and arteriosclerosis
(10-12). In research on the health effects of work stress,
the demand-control model is well known, and Karasek
et al (13, 14) reported that high job strain, defined as a
combination of high job demands and low job control,
was related to an increased incidence of cardiovascular
disease in populations in Sweden and the United States.
Most researchers have chosen ischemic heart disease as
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the outcome of their studies, while there have only been
a few studies in which cerebrovascular disease was set
as the end point (5, 15, 16). It is necessary to evaluate
the relationship between job strain and cerebrovascular
disease because cerebrovascular disease is a very im-
portant illness, constituting the third leading cause of
death in Japan (17).

Although it has been hypothesized that high job
strain causes cardiovascular disease and cerebrovascu-
lar disease through the progression of arteriosclerosis
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(6, 18), the underlying mechanism is still unclear. Re-
cent advances in medical technology have made it
possible to evaluate the subclinical conditions of arte-
riosclerosis without invasive procedures. The aim of the
study was to use these technologies to investigate the
relation between job strain and subclinical indicators of
arteriosclerosis simultaneously in three different types
of arteries, including the cerebral artery, the aorta, and
the carotid artery.

Study population and methods

Study population

Our study is part of an occupational cohort study in
which the effects of carbon disulfide exposure on ar-
teriosclerosis were examined among Japanese factory
workers. Briefly, the participants were 432 male work-
ers exposed to carbon disulfide and 402 male reference
workers from the same factories who had not been
exposed to any hazardous chemicals, including carbon
disulfide. Those with any history of chronic disease such
as hypertension, diabetes mellitus, stroke, and cardiovas-
cular disease were excluded from the study at baseline.
Details of the study and the results of the cohort study
have been described elsewhere (19, 20). To investigate
the effects of job strain on arteriosclerosis, we added a
questionnaire in the follow-up survey of 1998—1999.
Thus this report concerns a cross-sectional observation
in which the participants were limited to those who had
not been exposed to hazardous chemicals and had an-
swered the questionnaire. Namely, the 352 male factory
workers who participated in the follow-up survey as the
reference group were included.

Assessment of job strain

Job strain was evaluated by the Japanese version of the
Job Content Questionnaire (JCQ) developed by Karasek
(21), addressing job demands, job control, and social
support (22, 23). In this study, the interaction between
job demands and job control was defined as job strain,
and job strain was determined in two ways. First, we
calculated the ratio of the score for crude job demands
to the score for crude job control. Then, the participants
at the median value or higher were classified as having
high job strain (8). Second, the high job-strain (dichoto-
my) group was defined as having both a score above the
median for job demands and below the median for job
control (8). Each score for job demand, job control, and
social support was dichotomized at the median value by
two groups (high and low).

Michikawa et al

Subclinical indicators of arteriosclerosis

Arteriosclerosis was evaluated for three different types
of arteries, including the cerebral artery, the aorta, and
the carotid artery.

To evaluate arteriosclerosis in the cerebral artery,
we used brain magnetic resonance inaging (MRI). The
brain MRI was performed in a hospital near each fac-
tory, using MRI equipment with a magnetic density
of at least 0.5 T. We used the following parameters
with T2-weighted images at transverse slices: TR/TE
2000/100, matrix size of 256 x 256, field of view 25 cm
with a thickness of 10 mm and a slice gap of 2 mm. To
equalize the quality of the films, the neuroradiologist
offered some suggestions to the technicians for the first
few participants. One trained neuroradiologist read all of
the MRI films and measured the number of hyperintense
spots in T2-weighted images in the cerebrum under a
blinded condition. The diagnostic criteria for hyperin-
tense spots were those recommended by the Japanese
study subgroup on diagnostic criteria, pathogenesis,
and management for asymptomatic cerebrovascular dis-
eases (24). However, recent experiences have indicated
that hyperintense spots in brain MRI not only include
cerebral infarction, but also myelin pallor and dilated
perivascular spaces due to arteriosclerotic changes (25,
26). Thus we used the expression hyperintense spots
instead of “‘silent cerebral infarction” in our study. We
divided the participants into the categories “none”, “a
few”, “about 107, and “a lot” according to hyperintense
spots rather than counting its numbers. Since no clear
cut-off point has been proposed so far for the number
of hyperintense spots in brain MRI representing clinical
significance, we arbitrarily determined that the upper
two classes of the four, “about 10” and “a lot” groups,
would be considered to be positive for hyperintense
spots. The clinical significance of this cut-off value
should be examined by following up a cohort of MRI
examinees in a future study.

The pulse-wave velocity (PWV) of the aorta was
measured by the PWV-200 (Fukuda Electric Co, Tokyo,
Japan), followed by adjustment for diastolic blood pres-
sure. This value reflected the stiffness of the aortic wall
and was strongly related to arteriosclerosis (27). The
stiffness parameter of the carotid artery was examined
by ultrasound (QRF-2000XA, Hayashi Electric Co,
Tokyo, Japan), with control for diastolic blood pres-
sure. This parameter was shown in association with
arteriosclerosis (28, 29). To minimize both the inter- and
intraobserver errors for the measurements of pulse-wave
velocity and the stiffness parameter, we prepared the
measurement protocol in which the measuring procedure
was described in a step-by-step manner, and two param-
eters were measured by one trained clinical laboratory
technologist. In addition, the examiner was adequately
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trained before starting the study and was asked to adhere
to the standardized procedures. All three examinations
were performed with the participants in the supine
position. During the examinations, some factors with
the possibility of influencing measurements such as
last exercise, last shift, intake of caffeine, nicotine, and
meals were not considered as we assumed that they may
occur randomly.

Systolic and diastolic blood pressure were also
examined as subclinical indicators of arteriosclerosis.
They were measured with a sphygmomanometer by one
research physician after at least 15 minutes of rest in an
air-conditioned room.

Covariates

Information on possible risk factors for arteriosclerosis
was also collected. Age, height, weight (later, the body
mass index was calculated), educational history, and
shift work (30) were obtained from company records.
Data on smoking status, alcohol consumption, and
presence of type-A behavior patterns were collected
through a self-administered questionnaire. Specifically,
pack-years was calculated as the index of smoking sta-
tus, and grams of ethanol per day was calculated as an
index of alcohol consumption. Type-A behavior pattern
was assessed according to the questionnaire by Maeda
(31), with a total score of 17 or greater indicating type-A
behavior. The clinical laboratory items included in the
study were total cholesterol, low-density lipoprotein,

Table 1. Characteristics of the study population. (SD = standard
deviation)

Characteristic N Mean SD  Prevalence
(%)
Age (years) 352 41.7 9.1
Smoking status .
None 112 . . 325
<20 pack-years 96 . . 27.8
>20 pack-years 137 . . 39.7
Alcohol consumption
None 110 . . 31.9
<30 g ethanol/day 123 . . 35.6
>30 g ethanol/day 112 . . 32.5
Type A behavior pattern 346 . . 28.0
Body mass index (kg/m?) 350 2341 2.9 -
Education® 352 . . 71.3
Shift work 352 . . 88.6
Job Content Questionnaire (scores)
Job demands® 341 30.6 1.2
Job control® 339 60.1 1.2
Social support® 333 22.3 1.2

@ Percentage of the study population with an education of senior high
school or higher.
b Geometric mean and geometric standard deviation.
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high-density lipoprotein, and hemoglobin A, (HbA,,).
All of these samples were analyzed by a nationwide
clinical laboratory that runs an internal quality control
program every day and participates in external quality
control programs.

Statistical analysis

The values for the pulse-wave velocity, the stiffness
parameter, and systolic and diastolic blood pressure
were transformed to common logarithms because the
distribution was skewed to the right. Comparison of the
prevalence or the geometric means of the subclinical
indicators of arteriosclerosis according to the job strain
categories (job demand, job control, social support, job
strain) was carried out with the 2 test or Student’s t-test.
There was no interaction between the job strain variables
and each covariate. To control for possible confound-
ers, a logistic regression model for hyperintense spots
was developed, and an odds ratio was calculated. With
multiple regression models for pulse-wave velocity and
the stiffness parameter, regression coefficients were
calculated, followed by exponential transformation. The
percentage of the increases in pulse-wave velocity and
the stiffness parameter was then determined. The initial
step only included age (continuous variable) when we
constructed an adjusted model. Then the multivariate-
adjusted model was constructed by adding smoking
status (none, <20, 220 pack-years), alcohol consump-
tion (none, <30, 230 g ethanol/day), total cholesterol,
systolic blood pressure, HbA,., presence of a type-A
behavior pattern (yes, no), body mass index, educa-
tional history (junior high school, senior high school or
higher), and shift work (yes, no) as covariates. Certainly,
the multivariate-adjusted model for blood pressure ex-
cluded systolic blood pressure. Logistic and multiple
regression models were calculated with the low-strain
group, with the exception of high job control and social
support, as a reference.

The analysis was done using the SPSS package for
Windows, version 14.0 (SPSS Inc, Chicago, IL, USA).

Results

The characteristics of the study population are shown
in table 1. Two-thirds were smokers. The proportion
of light or moderate (<30 g ethanol/day) and heavy
(=30 g ethanol/day) drinkers was 35.6% and 32.5%,
respectively.

Table 2 shows the association between the job-strain
categories and hyperintense spots. The crude preva-
lence of hyperintense spots in T2-weighted images was



higher for the high job-strain (ratio) group than for the
low-strain group (P=0.047 by the 72 test). This relation
remained statistically significant even after control for
potential confounders in the multivariate-adjusted model
[adjusted odds ratio (aOR) 2.53, 95% confidence interval
(95% CI) 1.14-5.63].

Table 3 shows the association between the job-strain
categories and the pulse-wave velocity and the stiffness
parameter. The crude geometric means of the pulse-wave
velocity and the stiffness parameter tended to be slightly
higher in the high job-strain groups than in the low job-
strain groups, except for social support with respect to
the stiffness parameter, although this trend was not sta-
tistically significant. A multivariate analysis controlling
for potential confounders revealed that the pulse-wave
velocity was increased for the high job-demand and
high job-strain (both ratio and dichotomy) groups. The
adjusted increase in the pulse-wave velocity was 3.5%
(95% CI 0.7-6.4%) for high job demand, 2.6% (95% CI
-0.2-5.7%) for high job strain (ratio; this was of mar-
ginal significance), and 3.5% (95% CI 0.0-6.9%) for
high job strain (dichotomy). With regard to the stiffness
parameter, an almost 3% increase was observed in the
multivariate-adjusted models for high job demand and
high job strain (both ratio and dichotomy). However, it
did not reach statistical significance.

The crude geometric means for blood pressure in the
high job-strain group tended to be higher than that in
the low job-strain group. When the adjusted model was
applied, job strain showed no relation to blood pressure
(data not shown).

Discussion

This cross-sectional study showed that job strain was
associated with arteriosclerosis in different types of
arteries. In particular, high job strain doubled the odds
for hyperintense spots in brain MRI. Our reports could
support the hypothesis that high job strain causes car-
diovascular disease and cerebrovascular disease through
the progression of arteriosclerosis. The advantage of
our study was to evaluate the subclinical indicators of
arteriosclerosis simultaneously in three different types
of arteries by noninvasive methods.

Many studies have shed light on the relationship
between high job strain and an elevated risk of cardio-
vascular disease (6, 18). In addition, a few studies have
reported an association between job strain and cerebro-
vascular disease. Uchiyama et al (5) followed 1615 male
and female Japanese workers aged 40-65 years who
had been treated for hypertension. They evaluated the
relation between job strain and cardiovascular events de-
fined as initial cerebral hemorrhage, cerebral infarction,
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Table 2. Association between the job-strain categories and hy-
perintense spots. (OR = odds ratio, 95% Cl = 95% confidence
interval)

Job strain Hyperintense spots?
category
N Prevalence Age- 95% Cl¢ Multivariate- 95% Cl©
(%) adjusted adjusted
OR® OR¢
Job demand
Low 160 113 1.00 . 1.00 .
High 171 140 162 081-325 172 0.80-3.69
Job control
High 179 95 1.00 - 1.00 .
Low 151 159 148 0.74-2.97 158 0.71-3.53
Social support
High 199 111 . 1.00 .
Low 125 142 0.65-2.64 1.29 0.61-2.71
Job strain (ratio)
Low 168 8.9 1.00 - 1.00 .
High 161 16.11 198 097-4.01 253 1.14-5.63
Job strain (dichotomy)
Low 267 108 1.00 . 1.00 .
High 62 177 1.80 0.85-3.77 197 0.88-4.39

2 The cut off for the number of hyperintense spots was set at “about 10”.

b The job-strain categories and age were included in the logistic regres-
sion model.

¢ For the age-adjusted model.

4 Adding to variables in the age-adjusted model, smoking status (none, <20,
>20 pack-years), alcohol consumption (none, <30, >30 g ethanol/day),
total cholesterol, systolic blood pressure, hemoglabin A, presence of
type-A behavior pattern (yes, no), body mass index, educational history
(junior high school, senior high school or higher), and shift work (yes,
no) were included.

¢ For the multivariate-adjusted model.

"P=0.047 according to the y? test.

subarachnoidal hemorrhage, myocardial infarction, heart
failure, aortic aneurysm rupture, or sudden death. They
showed an elevated risk of cardiovascular diseases in
the active job-strain group (high job demands and high
job control) [relative risk (RR) 2.89, 95% CI 1.33-6.28)
and in the high job-strain group (RR 2.45, 95% CI
0.87-6.93). Kivimiki et al (16) followed 812 factory
workers in Finland for 25 years and found an elevated
hazard ratio (HR) for cardiovascular disease, including
cerebrovascular disease, in the high job-strain group
[adjusted hazard ratio (aHR) 2.22, 95% CI 1.04-4.73].
In these two studies, however, cerebrovascular disease
was not evaluated as an end point separate from other
cardiovascular events, such as heart disease. Kuper et
al (15) reported a borderline significant increase in the
risk for ischemic stroke among Swedish women who had
high job strain (HR 1.6, 95% CI 0.9-3.0). Although an
increased risk of cerebrovascular disease was observed
in relation to high job strain, the pathways through the
progression of arteriosclerosis remained unclear because
of the difficulty of evaluating subclinical arteriosclerosis
in the cerebral artery by noninvasive methods. MRI has
now made this possible. To our knowledge, this is the
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Table 3. Association between the job strain categories and pulse-wave velocity and the stiffness parameter. (GM = geometric mean, GSD

= geometric standard deviation, 95% Cl = 95% confidence interval)

Job strain Pulse-wave velocity Stiffness parameter
category
N GM  GSD  Age- Multivariate- N GM  GSD Age- Multivariate

adjusted adjusted adjusted adjusted
increase®® increase® ¢ increase®® increase ¢
% 95%Cl % 95%Cl %  95% Cl %  95% Cl

Job demand

Low 157 6.62 1.14  Reference Reference 159 694 1.34 Reference Reference

High 169 6.82 115 35 0564 35 0.7-64 159 714 1.36 38 -2.6-102 3.0 -3.3-9.6

Job control

High 178 6.73 Reference Reference 171 695 1.28 Reference Reference

Low 146 6.73 -1.0-3.8-21 -0.2-3.3-2.6 145 711 135 -02-6.7-59 0.7 -5.9-7.2

Social support

High 191 6.68 Reference Reference 188 7.08 1.35 Reference Reference

Low 126 6.77 14 —14-45 14 -16-45 122 6.89 1.35 -45-11.4-21 -42-112-23

Job strain (ratio)

Low 167 6.65 1.15 Reference Reference 164 691 1.34 Reference Reference

High 156 679 115 16 -12-47 26 -0.2-57 151 715 1.35 28 -33-91 26 -3.8-9.1

Job strain (dichotomy)

Low 246 6.68 Reference Reference 241 695 1.34 Reference Reference

High 77 6.89 28 -05-64 35 0.0-69 74 728 134 35 -3.8-11.2 3.3 -4.2-10.9

a With the multiple regression analysis, the regression coefficients were calculated and exponential transformation was performed. The percentage of the
increases in the pulse-wave velocity and the stiffness parameter were then determined.

" The job strain categories and age were included in the multiple regression model.

¢ Adding to the variables in the age-adjusted model, smoking status (none, < 20, >20 pack-years), alcohol consumption (none, < 30, =30 g ethanol/day),
total cholesterol, systolic blood pressure, hemoglabin A,,, presence of type-A behavior pattern (yes, no), body mass index, educational history (junior high

school, senior high school or higher) and shift work (yes, no) were included.

first epidemiologic study to assess the relation between
job strain and subclinical findings in brain MRI.
Recent studies have revealed that hyperintense spots
in T2-weighted images are predictive of future stroke
(32, 33). Kobayashi et al (32) followed 933 persons
30-81 years of age and found that hyperintense spots
were a significant risk factor for stroke onset (multivari-
ate OR 10.48, 95% CI 3.63-30.21). In the United States,
3660 participants who underwent cranial MRI were
followed for 4 years, and the incidence of stroke was
much higher for the participants with hyperintense spots
than for those without such spots (aHR 1.52, 95% CI
1.10-2.10) (33). Therefore, our results could support the
hypothesis that high job strain causes cerebrovascular
disease through the progression of arteriosclerosis.
The association between high job strain and the
elevated pulse-wave velocity observed in our study
was consistent with the findings of other studies (18).
In contrast, a negative association between job strain
and brachial-ankle pulse-wave velocity among male
Japanese workers in the field of information services
has been reported (34). This discrepancy may be partly
explained by the fact that they selected a different job
type, examined young participants (mean 30 years), and
measured the brachial-ankle pulse-wave velocity. As for
the stiffness parameter, the crude geometric means of
stiffness were slightly increased in the high job-strain
groups although it did not reach statistical significance
in the multivariate-adjusted model, partially due to the
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large standard deviation of the stiffness value. In other
studies, the evaluation of carotid arteriosclerosis used an
index of intima-media thickness determined by B-mode
ultrasound (11, 35). The stiffness parameter, which re-
flects the elasticity of the vessel (28), may be a weaker
index than intima-media thickness, which is a quantita-
tive measure and reflects general arteriosclerosis (36).
The methodological issues should be discussed.
First, measurement error should be minimized to avoid
getting chance and biasd findings. We set the standard-
ized protocol for each examination item to minimize
both the inter- and intraobserver errors. In addition, for
MRI, the quality of imaging and film evaluation was
controlled. Naturally, all the examinations and evalua-
tions were done under blind conditions in terms of the
participants’ job-strain scores. Second, confounding
factors should be controlled properly if they exist. In
the analysis, the major, well-known risk factors were
adjusted for, including age, smoking status, alcohol
consumption, total cholesterol, systolic blood pressure,
hemoglobin A, the presence of type-A behavior pat-
tern, body mass index, educational history, and shift
work; high job strain still remained a significant, inde-
pendent risk factor for arteriosclerosis in different types
of arteries even though it is always possible that residual
confounding or unmeasured confounders may have af-
fected the regression coefficients. It is noteworthy that
the proportion of smokers in this study was relatively
high (67%). This figure reflects that of Japanese males



of working age in general at the time the study was con-
ducted (37). The internal validity of the study seems to
have been valid, as has already been discussed, but the
generalizability might be considered in a prudent man-
ner. Finally, the issue of temporality should be raised
since this was a cross-sectional study (38). A changing
pattern of job strain may also be important as job strain
was assessed at one time point. Future research with a
longitudinal design and repeated measurements of job
strain is needed to confirm our results.

In conclusion, the study suggested that high job
strain was related to arteriosclerosis in different types
of arteries. Our results offer new information on the
relationship between job strain and cerebral arterioscle-
rosis by showing increased numbers of hyperintense
spots in T2-weighted images. This finding is especially
important in Japan, where the mortality rate for cere-
brovascular disease is so high (39). Reducing job strain
may contribute to preventing cardiovascular and cere-
brovascular disease.
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