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Abstract
Study objective—To evaluate the associ-
ation of long working hours with the risk
for hypertension.
Design—A five year prospective cohort
study.
Setting—Work site in Osaka, Japan.
Participants—941 hypertension free Japa-
nese male white collar workers aged 35–54
years were prospectively examined by
serial annual health examinations. Men in
whom borderline hypertension and hyper-
tension were found during repeated sur-
veys were defined as incidental cases of
borderline hypertension and hyper-
tension.
Main results—336 and 88 men developed
hypertension above the borderline level
and definite hypertension during the 3940
and 4531 person years, respectively. After
controlling for potential predictors of
hypertension, the relative risk for hyper-
tension above the borderline level, com-
pared with those who worked < 8.0 hours
per day, was 0.63 (95% confidence inter-
vals (CI): 0.43, 0.91) for those who worked
10.0–10.9 hours per day and 0.48 (95% CI:
0.31, 0.74) for those who worked > 11.0
hours per day. The relative risk for
definite hypertension, compared with
those who worked < 8.0 hours per day, was
0.33 (95% CI: 0.11, 0.95) for those who
worked > 11.0 hours per day. The multi-
variate adjusted slopes of diastolic blood
pressure (DBP) and mean arterial blood
pressure (MABP) during five years of fol-
low up decreased as working hours per day
increased. From the multiple regression
analyses, working hours per day remained
as an independent negative factor for the
slopes of systolic blood pressure, DBP, and
MABP.
Conclusions—These results indicate that
long working hours are negatively associ-
ated with the risk for hypertension in
Japanese male white collar workers.
(J Epidemiol Community Health 2001;55:316–322)

With regard to the eVect of working hours on
health, long working hours have been shown to
be related to various disorders and diseases
such as chronic fatigue,1 2 musculoskeletal
complaints,3 mental stress or health,4–6 dissatis-
faction with work,7 depression,8 and coronary
heart disease.9 10 In particular, “Karoshi”, or
sudden unexplained death in relatively young
workers, has received considerable attention as
a social problem in Japan.11 It is widely thought
that strenuous work for long hours, which is so

much a part of the modern Japanese culture, is
a major contributory factor for Karoshi result-
ing from hypertensive or arteriosclerotic dis-
ease.

As for the association between long working
hours and blood pressure, the influence of long
working hours on blood pressure is related to
sympathetic nerve activity and concentrations
of counterregulatory hormones that accompa-
nies psychological stress12 13 and physical activ-
ity.14 As overtime work is very often accompa-
nied by such stress and physical activity, it is
reasonable to expect an association between
long working hours and the risk for hyper-
tension. However, there is no convincing
evidence to support the view that long working
hours contribute to long term blood pressure
and predisposition to hypertension. Therefore,
it is necessary to conduct a longitudinal study
to clarify the relation between long working
hours and the risk for hypertension.

In this report on a longitudinal population
study based on serial annual health examina-
tions at the workplace, we have tried to
prospectively examine the association between
long working hours and the risk for hyper-
tension in hypertension free Japanese male
white collar workers.

Methods
STUDY COHORT

Our study is an ongoing cohort investigation
designed to clarify risk factors for major
diseases, including hypertension, dyslipidae-
mia, and diabetes among Japanese male white
collar workers, not working in a shift system at
T Corporation, one of the biggest building
contractors in Osaka, Japan. The Industrial
Safety and Health Law in Japan requires the
employer to conduct annual health examina-
tions of all employees; the employee data,
which are anonymised, are available for re-
search with the approval of the employer. To
evaluate the association of long working hours
with the risk for hypertension, a surveillance of
the incidence of hypertension was conducted
between 1994 and 1999. All Japanese male
white collar workers 35–54 years of age in May
1994 were invited to take a survey (n = 1368);
the participation rate was 99.9% (n = 1367).

Of 1367 potential participants, 257 (18.8%)
were identified to be borderline hypertensives,
and 138 (10.1%) to be hypertensives at the ini-
tial examination. For 23 men (1.7%) who were
taking medication for or had a past history of
hypertension, normotensive blood pressure
was registered. The remaining 949 men consti-
tuted the hypertension free cohort. We also
excluded eight men who did not participate in
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consecutive annual health examinations during
the follow up. The final study population for
analysis therefore consisted of 941 men. Men
in whom borderline hypertension and hyper-
tension were found during repeated surveys
through May 1999 were defined as incidental
cases of borderline hypertension and hyper-
tension. To determine the incidence of hyper-
tension, incidental cases of borderline hyper-
tension were followed up and were considered
hypertension if this condition developed. Ten
participants who started taking medication for
hypertension during the observation period
were considered to have incidental cases of
hypertension.

STUDY DESIGN

Blood pressure was measured at annual health
examinations in May from 1994 to 1999. The
participants were asked to fast for at least eight
hours and to avoid smoking and heavy physical
activity for more than two hours before the
examinations. After a five minute rest in a quiet
room, systolic blood pressure (SBP) and
diastolic blood pressure (DBP) were measured
on the right arm with a standard mercury
sphygmomanometer, and mean arterial blood
pressure (MABP) was calculated as DBP +
(SBP−DBP)/3. Diagnosis of hypertension was
based on World Health Organisation criteria.15

Hypertension was defined as SBP > 160 mm
Hg and/or DBP > 95 mm Hg or receipt of
antihypertensive medications, while normoten-
sion was defined as SBP < 140 mm Hg and
DBP < 90 mm Hg. Participants with blood
pressures between these categories were de-
fined as having borderline hypertension.

The health examinations included anthropo-
metric measurements, a questionnaire on job
and health related behaviours, and a nutritional
survey. Height and weight were measured at
every examination. Height in standing position
(to the nearest 0.5 cm) was measured and
weight (to the nearest 0.5 kg) was measured
using a calibrated platform scale. Subjects were
measured in light clothing and without shoes.
Body mass index (BMI) was calculated as
weight/height2 (kg/m2) and was used as the
index for relative weight. As for job related
variables, occupation and position were di-
vided into two groups: occupation (clerks
versus architects/research workers) and posi-
tion (non-managers versus managers). Data on
daily working hours and commutation hours
were obtained by interview. Daily working
hours for persons holding a managerial posi-
tion were not recorded by means of time clocks
in this company. Therefore, we used subjec-
tively reported working hours in this study. The
participants were asked about their normal
daily activities, including rising time, company
arrival and departure times, and turning in
times. Hours of work per day were classified
into five categories: < 8 hours per day, 8.0–8.9
hours per day, 9.0–9.9 hours per day, 10.0–
10.9 hours per day, and > 11 hours per day.
The company’s regular work hours were eight
hours per day (40 hours per week for five days
per week). As for health related behaviors, the
questions about alcohol intake included items

about the type of alcoholic beverage, the
frequency of alcohol consumption per week,
and the usual amount consumed daily. Weekly
alcohol intake was calculated and then con-
verted to daily alcohol consumption (grams of
ethanol per day) by using standard Japanese
tables. The questionnaire asked about smoking
habits (never, past, or current smoker); past or
current smokers were asked about the number
of cigarettes smoked per day and the duration
of smoking in years. In this study, past and
never smokers were combined, and the current
amount of cigarettes smoked was used in the
analysis. The questions also queried about eat-
ing breakfast, vegetable consumption, fruit
consumption, regular physical exercise, and
hours of sleep per night. As for the consump-
tion of vegetables and fruits, the questionnaire
asked about the number of servings of vegeta-
bles per day and fruits per week. Eating break-
fast was divided into two groups: eating break-
fast every morning versus not eating breakfast
every morning. Vegetable consumption, fruit
consumption, and regular physical exercise
were categorised into three groups: vegetable
consumption (eating vegetables hardly ever,
eating vegetables once or twice per day, and
eating vegetables three times per day); fruit
consumption (eating fruits hardly ever, eating
fruits three to six times per week, and eating
fruits once or more per day); and regular
physical exercise (exercising hardly ever, exer-
cising once a week, and exercising twice or
more per week). As for a nutrition survey, the
participants were asked by trained interviewers
to indicate the frequency of consumption and
the average amount of food items, using a
semiquantitative food frequency question-
naire.16 Salt intake (grams of sodium chloride
per day) was calculated from each person’s
dietary record.

STATISTICAL ANALYSIS

The statistical diVerences of the characteristics
at enrollment in relation to working hours were
examined with the ÷2 test and one way analysis
of variance. For each subject, person years of
follow up were counted from the date of
enrollment to the date of diagnosis of border-
line or definite hypertension or the date of fol-
low up, whichever came first. The follow up
rate was 99.3% of total potential person years
of follow up. The Cox proportional hazards
models17 were used to evaluate the association
between working hours and the development of
borderline or definite hypertension. Data were
adjusted first for age alone, then for multiple
covariates including age, occupation, position,
MABP, BMI, alcohol intake, cigarette smok-
ing, eating breakfast, vegetable consumption,
regular physical activity, salt intake, hours of
sleep, and hours of commutation at study
entry. The linear trends in risks were evaluated
by entering indicators for each category level of
exposure, and men who worked < 8 hours per
day were used as a reference category. To rep-
resent a person’s blood pressure trend during
1994 and 1999, each consecutive participant’s
six values of SBP, DBP, and MABP were
regressed on the time of survey with a simple
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regression model and the slope of coeYcient of
this model was used. The slope for BMI was
calculated similarly. Analysis of covariance was
used to examine blood pressure slopes accord-
ing to working hours per day adjusting for
potential confounding factors. Multiple
regression analysis was performed to examine
an independent association of factors and their
relative importance as determinants of blood
pressure slopes. To examine possible interac-
tions, the interactions of each covariate were
tested by introducing product terms to models
with the original variables, but no significant
interactions were observed for interaction
terms. In the statistical analyses, exact values
were used for continuous variables. Dichot-
omised variables were coded as 1 for no poten-
tial risk factors and 2 for potential risk factors,
and tripartited variables were graded from 1 to
3.

Data analysis was performed with the
SPSS/PC statistical package (Marija J Norusis/
SPSS Inc, Chicago, IL, USA). All reported p
values are two tailed and p < 0.05 was consid-
ered statistically significant.

Results
Table 1 shows the baseline characteristics of
hypertension free subjects according to work-
ing hours per day. Mean age, SBP, MABP,
BMI, and hours of sleep and the percentages of
those who were architects or research workers,
were managers, ate vegetables hardly ever, and
exercised hardly ever diVered significantly by
working hours per day. Participants who
worked longer overtime were younger. The
percentage of those who were architects or
research workers tended to increase as working
hours per day increased. On the other hand, the
percentage of those who were managers

decreased with an increase in working hours
per day. Those who worked > 10.0 hours per
day had lower SBP and MABP than those who
worked < 10.0 hours per day. Those who
worked 9.0–9.9 hours per day had the highest
BMI, and those who worked < 8.0 hours per
day had the second highest. The percentages of
those who ate vegetables hardly ever and exer-
cised hardly ever were highest among those
who worked > 11.0 hours per day. Those who
worked > 11.0 hours per day had the shortest
hours of sleep. DBP, alcohol intake, cigarette
smoking, eating breakfast, fruit consumption,
salt intake, and hours of single commutation,
did not diVer significantly by working hours
per day.

Table 2 shows the characteristics of hyper-
tensive subjects according to working hours per
day. Mean age, SBP, salt intake, and hours of
sleep diVered significantly by working hours
per day. Hypertensives who worked longer
overtime were younger. Those who worked >
11.0 hours per day had the lowest SBP and the
shortest hours of sleep, and those who worked
> 10.0 hours per day had lower salt intake than
those who worked < 10.0 hours per day. The
percentage of those who did not eat breakfast
every morning did not diVer significantly by
working hours per day, but tended to increase
with an increase in working hours per day.

Table 3 shows the association of working
hours per day with the risk for development of
hypertension during five years in hypertension
free subjects. During five years of follow up
representing 3940 person years, 336 men
developed hypertension above the borderline
level. The multivariate adjusted relative risk for
hypertension above the borderline level, com-
pared with those who worked < 8.0 hours per
day, was 0.91 (95% confidence intervals (CI):

Table 1 Baseline characteristics of 941 hypertension free Japanese male oYce workers, according to working hours per
day*

Characteristics

Working hours per day

p value
<8.0
(n=256)

8.0–8.9
(n=240)

9.0–9.9
(n=165)

10.0–10.9
(n=146)

>11.0
(n=134)

Age (y) 46.8 (5.0) 46.4 (4.9) 45.3 (5.2) 44.0 (4.8) 43.8 (5.9) <0.001
Occupation, %

Architect/research worker 51.2 66.3 60.0 70.5 71.6 <0.001
Position, %

Manager 62.5 63.8 57.0 46.6 46.3 <0.001
Systolic blood pressure (mm Hg) 122.5 (9.6) 121.9 (10.9) 122.2 (10.4) 119.8 (10.3) 119.2 (10.4) 0.007
Diastolic blood pressure (mm Hg) 73.0 (7.9) 72.7 (8.6) 73.8 (8.3) 72.1 (8.8) 71.4 (8.5) 0.122
Mean arterial blood pressure (mm Hg) 89.5 (7.5) 89.1 (8.4) 90.0 (8.2) 88.0 (8.5) 87.4 (8.4) 0.026
Body mass index (kg/m2) 23.2 (2.6) 22.9 (2.5) 23.4 (2.5) 22.7 (2.3) 22.9 (2.6) 0.038
Alcohol intake (g/day of ethanol) 32.1 (25.5) 33.7 (26.5) 29.8 (23.9) 34.1 (24.2) 27.4 (24.9) 0.104
Smoking (cigarettes/day) 16.2 (17.0) 14.9 (17.2) 13.3 (16.4) 13.4 (16.3) 17.3 (18.0) 0.156
Eating breakfast, %

Not every morning 15.2 15.4 11.5 13.0 19.4 0.390
Vegetable consumption, %

Hardly ever 18.4 15.8 15.2 15.1 26.9 0.045
Once or twice per day 72.3 73.8 72.7 73.3 62.7 0.190
Three times per day 9.4 10.4 12.1 11.6 10.4 0.912

Fruit consumption, %
Hardly ever 8.6 8.8 10.9 10.3 14.9 0.327
3 to 6 times per week 65.6 60.0 59.4 60.3 64.9 0.562
Once or more per day 25.8 31.3 29.7 29.5 20.1 0.174

Physical exercise, %
Hardly ever 44.9 41.7 43.6 46.6 58.2 0.035
Once per week 37.1 42.9 41.2 41.8 32.8 0.309
Twice or more per week 18.0 15.4 15.2 11.6 9.0 0.138

Salt intake (g/day of sodium chloride) 11.6 (3.4) 11.2 (3.4) 11.1 (3.3) 11.2 (3.1) 11.3 (3.4) 0.532
Hours of sleep (h/night) 6.5 (0.8) 6.6 (0.8) 6.5 (0.8) 6.4 (0.7) 6.0 (0.8) <0.001
Hours of single commutation (h) 1.2 (0.7) 1.1 (0.7) 1.1 (0.7) 1.0 (0.7) 1.2 (0.8) 0.186

*Unless otherwise indicated, values are expressed as the mean (standard deviations).
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0.69, 1.21) for those who worked 8.0–8.9
hours per day, 0.79 (95% CI: 0.57, 1.08) for
those who worked 9.0–9.9 hours per day, 0.63
(95% CI: 0.43, 0.91) for those who worked
10.0–10.9 hours per day, and 0.48 (95% CI:
0.31, 0.74) for those who worked > 11.0 hours
per day (p for trend < 0.001). As for the

incidence of definite hypertension, 88 men
developed definite hypertension during five
years of follow up (representing 4531 person
years). The respective multivariate adjusted
relative risks for definite hypertension, com-
pared with those who worked < 8.0 hours per
day, were 0.68 (95% CI: 0.39, 1.18), 0.93

Table 2 Characteristics of 418 hypertensive Japanese male oYce workers, according to working hours per day*

Characteristics

Working hours per day

p value
<8.0
(n=111)

8.0–8.9
(n=123)

9.0–9.9
(n=84)

10.0–10.9
(n=45)

>11.0
(n=55)

Age (y) 47.4 (4.3) 47.2 (4.3) 46.4 (4.9) 45.4 (5.4) 44.6 (6.1) 0.002
Occupation, %

Architect/research worker 47.7 63.4 58.3 60.0 67.3 0.082
Position, %

Manager 55.9 56.9 54.8 46.7 50.9 0.779
Medication, %

Hypertension 18.9 17.1 21.4 26.7 21.8 0.699
Systolic blood pressure (mm Hg) 146.2 (11.4) 146.5 (12.7) 150.2 (13.4) 148.4 (11.2) 143.8 (10.3) 0.028
Diastolic blood pressure (mm Hg) 89.9 (10.2) 88.9 (10.4) 89.8 (10.6) 88.4 (9.6) 86.6 (7.6) 0.314
Mean arterial blood pressure (mm Hg) 108.6 (9.0) 108.1 (9.1) 109.9 (9.9) 108.4 (6.7) 105.7 (6.7) 0.090
Body mass index (kg/m2) 24.6 (1.3) 24.3 (3.4) 24.3 (3.1) 23.8 (3.2) 24.0 (2.4) 0.536
Alcohol intake (g/day of ethanol) 35.6 (26.3) 37.9 (27.9) 32.3 (23.1) 36.3 (19.7) 29.1 (24.8) 0.232
Smoking (cigarettes/day) 12.3 (16.2) 14.7 (16.3) 12.7 (17.6) 11.1 (13.0) 13.4 (14.7) 0.711
Eating breakfast, %

Not every morning 9.9 19.5 19.0 22.2 27.3 0.065
Vegetable consumption, %

Hardly ever 18.0 18.7 15.5 8.9 18.2 0.620
Once or twice per day 73.0 69.1 77.4 80.0 76.4 0.544
Three times per day 9.0 12.2 7.1 11.1 5.5 0.587

Fruit consumption, %
Hardly ever 9.9 8.9 9.5 6.7 14.5 0.734
3 to 6 times per week 64.0 67.5 61.9 53.3 69.1 0.455
Once or more per day 26.1 23.6 28.6 40.0 16.4 0.096

Physical exercise, %
Hardly ever 51.4 43.9 34.5 42.2 52.7 0.133
Once per week 39.6 40.7 46.4 40.0 32.7 0.619
Twice or more per week 9.0 15.4 19.0 17.8 14.5 0.336

Salt intake (g/day of sodium chloride) 11.7 (3.1) 11.9 (2.9) 11.5 (2.7) 10.2 (3.2) 10.7 (3.2) 0.007
Hours of sleep (h/night) 6.6 (0.7) 6.6 (0.8) 6.6 (0.7) 6.5 (0.6) 6.0 (0.8) <0.001
Hours of single commutation (h) 1.0 (0.7) 1.1 (0.7) 1.1 (0.7) 1.3 (0.7) 1.2 (0.7) 0.226

*Unless otherwise indicated, values are expressed as the mean (standard deviations).

Table 3 Working hours per day and the risk of hypertension during five years of follow up in 941 hypertension free
Japanese male oYce workers

Working hours per day

p for trend*<8.0 8.0–8.9 9.0–9.9 10.0–10.9 >11.0

Hypertension above the borderline level
Cases 113 92 61 41 29
Person years 1022 969 695 645 610
Rate per 1000 person years 110.6 94.9 87.8 63.6 47.6
Age adjusted relative risk 1.00 0.86 0.81 0.60 0.45 <0.001
(95% CI) (Reference) (0.66, 1.14) (0.60, 1.11) (0.42, 0.87) (0.30, 0.68)
Multivariate adjusted relative risk† 1.00 0.91 0.79 0.63 0.48 <0.001
(95% CI) (Reference) (0.69, 1.21) (0.57, 1.08) (0.43, 0.91) (0.31, 0.74)

Definite hypertension
Cases 31 23 20 10 4
Person years 1221 1160 782 711 658
Rate per 1000 person years 25.4 19.8 25.6 14.1 6.1
Age adjusted relative risk 1.00 0.78 1.03 0.57 0.25 0.010
(95% CI) (Reference) (0.45, 1.34) (0.58, 1.81) (0.28, 1.18) (0.09, 0.70)
Multivariate adjusted relative risk† 1.00 0.68 0.93 0.56 0.33 0.045
(95% CI) (Reference) (0.39, 1.18) (0.53, 1.65) (0.27, 1.17) (0.11, 0.95)

*The test for trend is calculated across increasing categories of working hours per day. †Controls for age, occupation, position, mean
arterial blood pressure, body mass index, alcohol intake, cigarette smoking, eating breakfast, vegetable consumption, fruit consump-
tion, regular physical exercise, salt intake, hours of sleep, and hours of commutation at baseline.

Table 4 Multivariate adjusted slope of blood pressure during five years of follow up according to working hours per day in
847 hypertension free Japanese male oYce workers

Working hours per day

p value
<8.0
(n=232)

8.0–8.9
(n=216)

9.0–9.9
(n=146)

10.0–10.9
(n=130)

>11.0
(n=123)

Systolic blood pressure (mm Hg/year) 1.25 1.17 0.96 0.73 0.90 0.160
Diastolic blood pressure (mm Hg/year) 1.52 1.49 1.55 1.18 1.05 0.021
Mean arterial blood pressure (mm Hg/year) 1.43 1.38 1.34 1.04 1.01 0.043

*Controls for age, occupation, position, each blood pressure, body mass index, alcohol intake, cigarette smoking, eating breakfast,
vegetable consumption, fruit consumption, regular physical exercise, salt intake, hours of sleep, and hours of commutation at base-
line and slope of body mass index.
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(95% CI: 0.53, 1.65), 0.56 (95% CI: 0.27,
1.17), and 0.33 (95% CI: 0.11, 0.95) (p for
trend = 0.045).

Table 4 shows the slopes of SBP, DBP, and
MABP during five years according to working
hours per day in hypertension free subjects.
Consecutive six values of blood pressure were
available for 857 men (91.7%). Ten men who
started taking medication for hypertension
during the observation period were excluded
and the study population for analyses of slopes
of blood pressure consisted of 847 men. The
multivariate adjusted slopes of DBP and
MABP diVered significantly by working hours
per day, and the slopes of DBP and MABP
decreased as working hours per day increased.

Table 5 shows the results of multiple linear
regression analyses for slopes of blood pressure
during five years in hypertension free subjects.
Independent and significant correlates with
slopes of SBP, DBP, and MABP were, in the
order of relative importance: SBP (negative),
alcohol intake, working hours (negative), slope
of BMI, and age for the slope of SBP; DBP
(negative), slope of BMI, working hours (nega-
tive), occupation of architect or research
worker (negative), and alcohol intake for the
slope of DBP; and MABP (negative), slope of
BMI, working hours (negative), alcohol intake,
and occupation of architect or research worker
(negative) for the slope of MABP. The cumula-
tive percentages of variation for the slopes of
SBP, DBP, and MABP were 17.1%, 19.5%,
and 15.5%, respectively.

Discussion
Although long working hours or overtime has
received an increasing attention for its adverse
eVects of health,18 evidence linking long work-
ing hours to the risk for hypertension is very
limited. Hayashi et al19 reported that for male
white collar workers with normal blood pres-
sure and those with mild hypertension, the 24
hour average blood pressure of the overtime
groups was higher than that of the control
groups and that for those who periodically did
overtime work, the 24 hour average blood

pressure during the busy period increased. On
the other hand, data collected in the Minnesota
Heart Survey did not find any association
between job experiences including working
hours and blood pressure.20 As for the associ-
ation between job strain or stress and blood
pressure, Schwartz et al21 reported that psycho-
logical job strain was related to mean awake
ambulatory blood pressure, cross sectionally
and longitudinally, in male employees and that
the estimated eVect on SBP of always (versus
never) having high job strain exceeded the pre-
dicted eVects of a diVerence of 40 lb in weight
or 20 years in age. Lindquist et al22 reported in
a study of workers in a government tax oYce
that work stress in itself had no direct eVect on
blood pressure, but the ways that people
reported coping with stress were significantly
related to blood pressure, with blood pressure
elevation eVects appearing to be mediated
largely by maladaptive or unhealthy coping
behaviours such as excessive consumption
(food, cigarettes, and alcohol) and physical
inactivity. These inconclusive results may have
resulted in part from lifestyle diVerences in the
study populations but also may have been
strongly influenced by diVerent perception of
overwork or stress.

In this study, we found that working long
hours was an independent negative factor
associated with development of hypertension
above the borderline level and definite hyper-
tension, controlling for potential predictors of
hypertension. Furthermore, the slopes of blood
pressure over five years decreased as working
hours per day increased, and working hours
were independently negatively associated with
the slopes of blood pressure. These results sug-
gest that long working hours are negatively
associated with the risk for hypertension in
Japanese male white collar workers.

The contribution of long overtime to the
lower risk for hypertension is uncertain. In this
study, architects or research workers worked
longer overtime than clerks and being an archi-
tect or a research worker (versus being a clerk)
was negatively associated with the slope of

Table 5 Stepwise regression analyses for slopes of blood pressure during five years of follow up in 847 hypertension free
Japanese male oYce workers

Variables
Regression
coeYcient

Standard
error

Standardised
regression coeYcient t value p value Cumulative r2

Slope of systolic blood pressure (mm Hg/year)
Systolic blood pressure (mm Hg) −0.083 0.007 −0.389 −12.16 <0.001 0.133
Alcohol intake (g/day of ethanol) 0.012 0.003 0.133 4.18 <0.001 0.151
Working hours (h/day) −0.085 0.038 −0.074 −2.25 0.025 0.159
Slope of body mass index (kg/m2/year) 0.972 0.333 0.093 2.92 0.004 0.166
Age (y) 0.033 0.014 0.078 2.40 0.017 0.171

Slope of diastolic blood pressure (mm Hg/year)
Diastolic blood pressure (mm Hg) −0.085 0.006 −0.413 −13.18 <0.001 0.162
Slope of body mass index (kg/m2/year) 0.995 0.251 0.123 3.96 <0.001 0.174
Working hours (h/day) −0.079 0.028 −0.089 −2.82 0.005 0.185
Occupation: architect/research worker −0.249 0.119 −0.070 −2.10 0.026 0.190
Alcohol intake (g/day of ethanol) 0.005 0.002 0.068 2.16 0.031 0.195

Slope of mean arterial blood pressure (mm Hg/year)
Mean arterial blood pressure (mm Hg) −0.074 0.007 −0.359 −11.13 <0.001 0.116
Slope of body mass index (kg/m2/year) 0.979 0.253 0.123 3.86 <0.001 0.129
Working hours (h/day) −0.081 0.028 −0.093 −2.88 0.004 0.140
Alcohol intake (g/day of ethanol) 0.007 0.002 0.098 3.03 0.003 0.150
Occupation: architect/research worker −0.251 0.113 −0.072 −2.23 0.026 0.155

Percentage of variation accounted for = r2 × 100. r: multiple correlation. Variables included in the multiple regression analyses were
age, occupation, position, working hours, body mass index, alcohol intake, cigarette smoking, eating breakfast, vegetable consump-
tion, fruit consumption, regular physical exercise, salt intake, hours of sleep, and hours of commutation at baseline and slope of body
mass index.
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blood pressure. These results may indicate that
the influence of work type is important for
determining the perception of overwork or
stress and its associated responses of blood
pressure. As architects or research workers who
work longer overtime might be especially com-
petitive, or may particularly enjoy their work,
they may not feel working long overtime as job
strain or stress.23 In this population, to quantify
the physical activity of participants, their major
physical activities were recorded every 15
minute during a day and the 24 hour energy
expenditure was calculated.24 25 The 24 hour
energy expenditure values diVered significantly
(p < 0.001, analysis of variance) by working
hours per day. The 24 hour energy expenditure
was 2331 kcal/day (SD 274) for those who
worked < 8.0 hours per day, 2414 kcal/day (SD
275) for those who worked 8.0–8.9 hours per
day, 2476 kcal/day (SD 273) for those who
worked 9.0–9.9 hours per day, 2560 kcal/day
(SD 281) for those who worked 10.0–10.9
hours per day, and 2586 kcal/day (SD 269) for
those who worked > 11.0 hours per day.
Although this is of course unlikely to explain
fully the decreased risk seen in those who
worked longer overtime, the negative associ-
ation of working hours with risk for hyper-
tension might be derived from the high energy
expenditure related to long working hours or
increased physical activity. However, men who
worked > 11 hours per day showed maladap-
tive lifestyle factors such as less frequencies of
vegetable consumption and physical exercise
and less hours of sleep. Strategies for non-
pharmacological management and prevention
of hypertension should take greater account of
coping mechanisms that underlie multifarious
lifestyle factors. Further research is needed to
establish whether long overtime aVects the risk
for hypertension independently or is bad for
health.26

There are several limitations to this study.
One is that we assessed participants’ working
hours by their subjective reporting. However,
because a questionnaire used in this study was
confidential and data on daily working hours
were only used for health management, over or
underreporting their daily working hours is
unlikely to have occurred.

The second limitation is that working hours
during the follow up were not included. Spear-
man’s rank correlation coeYcient was 0.652 (p
< 0.001) for working hours per day between at
baseline and at the end of follow up among 847
subjects who could be followed up until the
end of observation. This indicates that those
who worked longer overtime at entry tended to
do so during the follow up period. The
observed associations between working hours
at baseline and the decreased risk for hyper-
tension may reflect the eVects of long working
hours over a five year observation period. As for
blood pressures by working hours per day at
the end of follow up, the changes in SBP and
DBP between at baseline and at the end of fol-
low up did not diVer significantly by working
hours per day at the end of follow up. However,
mean SBP and DBP at the end of follow up
diVered significantly by working hours per day

at the end of follow up (p = 0.030 and p =
0.016, respectively), and those who worked >
10.0 hours per day had lower SBP and DBP
than those who worked < 10.0 hours per day:
128.1 mm Hg (SD 13.1) and 80.4 mm Hg (SD
9.1) for those who worked < 8.0 hours per day;
128.5 mm Hg (SD 12.0) and 80.2 mm Hg (SD
9.3) for those who worked 8.0–8.9 hours per
day; 126.9 mm Hg (SD 11.9) and 81.0 mm Hg
(SD 9.1) for those who worked 9.0–9.9 hours
per day; 124.9 mm Hg (SD 12.0) and 78.2 mm
Hg (SD 9.8) for those who worked 10.0–10.9
hours per day; and 125.4 mm Hg (SD 11.8)
and 78.0 mm Hg (SD 9.1) for those who
worked > 11.0 hours per day, respectively. As
for blood pressures by position, mean SBP and
DBP at baseline and the changes in SBP and
DBP between at baseline and at the end of fol-
low up did not diVer significantly between par-
ticipants who became a manager and who did
not during the follow up period. These results
indicate that working long hours at the end of
follow up and a rise in rank during the follow
up period may not contribute to the increase in
blood pressure in Japanese male white collar
workers. However, we did not assess partici-
pants’ health related behaviours and dietary
habits during the follow up period. As alcohol
and salt use, fruit and vegetable consumption,
and physical activity have important influences
on the blood pressure and the prevalence of
hypertension,27–31 health related behaviours and
dietary habits during the follow up period may
be associated with risk for hypertension.
Further researches should be needed to clarify
the causal association between working hours
and risk for hypertension.

The third limitation is that in this study, we
could not evaluate job strain, job stressors or
social support at work.32–34 However, the
percentages of men with subjective symptoms
such as headache, ear noises, general fatigue,
loss of appetite, loss of sleep, dizziness, consti-
pation, fatigue of the eyes, and stiV shoulders
did not diVer significantly among the five
groups according to working hours per day.
These results suggest that long overtime did
not strongly aVect subjective symptoms and
might be unlikely to induce job stress in this
population.

KEY POINTS

x The eVect of long overtime on the risk for
hypertension is not certain.

x This study reports for the first time the
association of working long hours with
the risk for development of hypertension
at the work site.

x The risk for development of hypertension
during five years of follow up was lower
among those who worked longer over-
time.

x Working hours were negatively associated
with the slopes of blood pressure during
the follow up.

x These results indicate that working long
overtime may not contribute to the devel-
opment of hypertension.
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The final limitation is that the normotensive
cohort in this study, particularly in older age
groups may not be typical of the general popu-
lation. People whose blood pressure was
already increased beyond the borderline level
when they were younger or who reported
taking drugs for or a past history of hyper-
tension during the initial examination were
excluded from this survey. Thus, the selection
of men with rigorously normal blood pressure
level at study entry might possibly aVect the
findings.

Despite these potential limitations, our find-
ings, obtained from a cohort of Japanese male
white collar workers, indicate that working
longer overtime is associated with the lower
risk for hypertension. However, it is undoubt-
edly suYcient to raise the concern that long
working hours are associated with the risk of
significant health outcomes, including cardio-
vascular disease. Much remains to be explored
in term of the nature of the factors involved.
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