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Objectives  This study examined the effects of rotating shift work on blood pressure in a comparison of
ambulatory blood pressure and long-term changes in blood pressure between shift and day workers.

Methods Ambulatory blood pressure was measured for 24-hour periods at an interval of 30 minutes for 27 shift
workers and 26 day workers when they worked during the day. Blood pressure was compared between these 2
groups of workers for 4 time categories (awake, sleep, nonwork awake, and work periods). Their long-term blood
pressures, recorded in annual surveys, were reviewed for long-term changes. These comparisons were adjusted for
the effects of body mass index, alcohol intake, anger expression, and physical activity.

Results On the average, sleep time was shorter and the anger-in (ie, anger suppressed) score was higher for the
shift workers than for the day workers, but body mass index and alcohol intake did not differ between the 2 groups.
Even after adjustment for these co-variables, the mean systolic blood pressure during the 24-hour, awake, and work
periods were higher among the shift workers than among the day workers. The 24-hour standard deviations of the
systolic blood pressures were also higher for the shift workers than for the day workers. Among the shift workers,
but not among the day workers, a significant long-term increase was observed in systolic blood pressure measured
in the annual surveys.

Conclusions These results suggest that shift work may increase systolic blood pressure levels among Japanese

men.

Key terms anger expression, blood pressure monitoring, circadian thythm, shift worker, sleep.

Previous prospective cohort studies have shown a higher
risk of coronary heart disease among rotating-shift work-
ers than among day workers (1—4) and in part attribut-
ed the higher risk to a higher level of serum triglyceride
and obesity and to a higher prevalence of smoking. How-
ever, the impact of shift work on cardiovascular risk fac-
tors, in particular blood pressure levels, has not been well
elucidated. A recent prospective study of Japanese men
showed that shift workers had a higher risk of develop-
ing hypertension than day workers in the age range of
18—29 years even after adjustment for age, body mass
index, alcohol intake, and baseline blood pressure levels
(5). The study suggested the adverse effect of shift work
on blood pressure, but it evaluated only blood pressure
taken under stationary conditions. Given the possible

effects of shift work on the circadian rhythm of blood
pressure, it is important to observe ambulatory blood
pressure to determine the overall effects of shift work.
The aim of the present study was to examine the ef-
fects of shift work on ambulatory blood pressure, as well
as the long-term effects on changes in blood pressure.
Ambulatory blood pressure were recorded every 30 min-
utes for 24 houss on a workday. Long-term blood pres-
sure changes were evaluated retrospectively by review-
ing blood pressures recorded in annual surveys. Between
shift and day workers, we also compared 24-hour blood
pressure variability, which is considered to be a useful
predictor of target organ damage in hypertension (6). To
evaluate the direct effects of shift work on blood pres-
sure, we adjusted the analysis for the effects of factors
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potentially influencing blood pressure, such as body mass
index, alcohol intake, physical activity, and anger expres-
sion (7—10).

Subjects and methods

The survey was conducted in a nuclear power plant (the
total number of male workers was 886, including 272
shift workers) in October 1997. In this plant, shift work-
ers were engaged mainly in plant operations. The sched-
ule of the workshifts was as follows: D1-D2-A-N-N-O-
0-0 (D1 =day shift 1, with worktime from 0830 to 1500;
D2 = day shift 2, with worktime from 0830 to 2100; A =
afternoon shift, with worktime from 1500 to 2100; N =
night shift, with worktime from 2100 to 0830; O = day
off). Day workers worked mainly in a support or man-
agement role and their worktime was from 0830 to 1710.

Subjects

The subjects of our study consisted of 27 male shift work-
ers aged 20—45 (mean 31) years and 26 male day work-
ers aged 20—45 (mean 32) years, who were chosen by
frequency matching into age groups (20—29, 30—39,
and 40—45 years). The characteristics of the subjects in
both groups are presented in table 1. The subject distri-
bution for age groups 20—29, 30—39 and 40—45 years
was 56%, 22%, and 22%, respectively, for the shift work-
ers and 50%, 23% and 27%, respectively, for the day
workers. The 2 groups did not differ in respect to their
mean values of age, duration of employment and work
under the current work schedules, body mass index, al-
cohol intake, physical activity, education, or the propor-
tion of smoking. The shift workers had a shorter average
sleep time and a higher mean “anger-in” score than the
day workers, whereas the mean “anger-out” score did not
differ between them. For both groups, the subjects had
worked their current schedules for more than 6 months,
and none of them had a work absence of longer than 10
days in the 2 months prior to the study. All the subjects
had a high school or higher level of education and lived

in local communities near the workplace. None of them
had a body mass index of >30 kg/m?. None had a history
of diabetes mellitus, angina pectoris, myocardial infarc-
tion, or cerebral infarction or was currently receiving any
antihypertensive medication. All the subjects gave their
written informed consent to participate in the study.

Data collection

The subjects received a self-administered questionnaire
concerning alcohol intake, smoking habits, physical ac-
tivity, sleep status, education, and anger expression. They
were instructed to report to the health-care office of the
plant with the completed questionnaire. The amount of
alcohol intake was measured as the corresponding grams
of ethanol. Workers smoking 21 cigarettes per day were
defined as current smokers. To assess physical activity,
we used the physical-activity questionnaire developed by
Suzuki et al (11). This questionnaire showed adequate
levels of validity and test-retest reliability for assessments
of daily energy expenditure. Average awake and sleep
time was evaluated from a 6-day diary.

To measure anger expression, we used the Japanese
version of the selected Anger Expression Scale (12). The
Anger Expression Scale, developed by Spielberger et al,
is based on the frequency of reactions to anger-provok-
ing situations (13, 14). Its frequency was classified as
almost never, sometimes, often, or always. The anger
expression was subclassified according to the direction
of the anger expression: anger expressed behaviorally
was regarded as “anger out,” anger held in or suppressed
was “anger in,” and attempts to control anger expression
were “anger control”. We did not assess anger control in
this study, because the Japanese version of the selected
Anger Expression Scale did not include the items for an-
ger control and because no relation has been observed
between anger control and blood pressure (15). Scores
for the items for anger-out and anger-in were summed
separately to calculate the respective anger expression
scores.

Ambulatory blood pressure was monitored using an
automated, portable, noninvasive device (TM2425 or

Table 1. Characteristics (means, standard deviations, or proportions) among rotating-shift and day workers. (BP = blood pressure)

Group Age Employ-  Present Body Sleep Sleep Alcohol  Physical  Anger- Anger- Edu- Smokers
(years) ment work mass during day intake activity out in cation (%)
(years) (years) index 6 days before (g/day) (kcal/ (score) (score) (years)
(kg/m?)  (hours) BP day)
monitor-
ing

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Shift work-
ers (N=27) 305 85 11.4 8.8

Day work-
ers (N=26) 31.8 8.7 129 87 7.7 8.8 233 28

82 68 23127 7111 72 14 19 21 2088274 129 3.1 16.1 44 123 0.7 58

76 07 74 08 22 18 2121339 13.1 3.2 132 34 124 13 42
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TM2421, A & D Co, Inc, Tokyo, Japan) (16). An appro-
priately sized cuff was placed on the subject’s left arm,
and blood pressure was recorded automatically every 30
minutes for 24 hours on 1 of the subject’s workdays. For
shift workers, ambulatory blood pressure was measured
on the D2 shift.

Height in stocking feet and weight in light clothing
were measured. The body mass index was calculated as
weight (kg)/height (m)?.

In this plant, annual surveys of cardiovascular risk
factors had been conducted for more than 25 years. We
used the data from these surveys to examine retrospec-
tively the long-term changes in blood pressure and body
mass index. We defined the reference blood pressure as
that obtained immediately prior to the subjects’ begin-
ning their current work schedule. Because 18 out of the
27 shift workers and 10 out of the 26 day workers had
been engaged in their current work schedule ever since
they joined the company, we used the data obtained from
when they first took the survey. The remaining subjects
had moved from day work to shift work or vice versa,
and for these subjects the data obtained immediately pri-
or to the beginning of the current work schedule were
used. The duration of the retrospective observations was
0.5 to 25 (mean 8.5) years. The reference systolic and
diastolic blood pressures were measured by trained nurses
using standard mercury sphygmomanometers on the right
arms of seated subjects after they rested for 5 minutes.
Data on alcohol intake were not available from the earli-
er surveys.

Statistics

The differences in the mean values and proportions be-
tween the shift and day workers were evaluated with Stu-
dent’s t-test and the chi-square test, respectively. Ambu-
latory systolic and diastolic blood pressures were aver-
aged over the 4 time categories of awake, sleep, nonwork
awake, and work periods. Blood pressure variability was
estimated as the standard deviations of the blood pres-
sures during 24-hour ambulatory monitoring. Differenc-
es in the mean systolic and diastolic blood pressures be-
tween the shift and day workers were examined with an
analysis of covariance adjusting for age (years), body
mass index (kg/m?), alcohol intake (never, current <23,
23—46, >46 grams of ethanol per day), blood pressure
(mm Hg) before the current work schedule, tertile of
physical activity (1620—1902, 1903—2175, and 2176—
2893 kcal/day in total energy expenditure), and tertile of
the anger-in score (8—12, 13—16, and 17—26). Differ-
ences in long-term changes in blood pressure were ex-
amined using a paired t-test and a repeated-measure anal-
ysis of variance (ANOVA) with adjustment for age, body
mass index before the current work schedule, and dura-
tion of the retrospective observation. The data have been
presented as the means and standard deviations, except
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for the least-square means adjusted for covariates, which
have been presented as the least square mean (and the
standard error of the mean). All the P-values were tested
with the 2-tailed test, and <0.05 was the cutoff indicat-
ing statistical significance.

Results

The means of the systolic blood pressures for the 24-hour,
awake, and work periods were significantly higher for
the shift workers than for the day workers. A similar ten-
dency was observed for the means of the systolic blood
pressures for the sleep and nonwork awake periods, but
the difference did not reach statistical significance (ta-
ble 2, see page 424—425). The means of the diastolic
blood pressures for the 24-hour, awake, sleep, and work
periods did not differ between the shift and day workers.
The 24-hour standard deviation of the systolic blood pres-
sure was higher for the shift workers than for the day
workers.

Even after adjustment for age, body mass index,
daily alcohol intake, physical activity, anger-in score, and
blood pressure prior to the beginning of the current work
schedule, the group difference in the mean systolic blood
pressure remained significant for the awake and work pe-
riods (table 3, see page 424).

Table 4 (see page 425) compares the long-term
changes in blood pressures and body mass index between
the shift and day workers. Increases in the mean values
of the body mass index and diastolic blood pressure were
similar between the shift and day workers. Systolic blood
pressure showed, however, a significant long-term in-
crease for the shift workers but not for the day workers.
After adjustment for age, body mass index before the
current work schedule, and the duration of the retrograde
observation, the shift workers showed a tendency towards
a long-term increase in systolic blood pressure [repeated
measure ANOVA, F(1, 48) for group X time interaction
effect =3.37, P = 0.07].

Discussion

Our study showed that even when circadian variations
in blood pressures were taken into account, shift work-
ers had a higher systolic blood pressure than day work-
ers, particularly during work periods. The 24-hour blood
pressure variability was also greater for the shift work-
ers than for the day workers. Furthermore, shift work was
associated with a long-term increase in systolic blood
pressure in annual surveys. Higher blood pressure and
greater blood pressure variability are associated with a
higher prevalence of target organ damage and raise the
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Table 2. Ambulatory blood pressure, heart rate, and standard deviation of the 24-hour blood pressure of the rotating-shift and day workers.

Group Systolic blood pressure (mm Hg2) Diastolic blood
24-hour Awake Sleep Standard 24-hour Awake
deviation of
Work Nonwork Total 24-hour value Work
Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD Mean  SD Mean SD
Shift workers 125 8 133 9 130 10 132 9 110 8 17.1 33 77 7 83 9
Day workers 120 7 126 8 125 8 126 8 107 9 141 3.2 76 6 81 7
P-valueb 0.02 0.006 0.08 0.006 0.37 0.001 0.47 0.40

2 1mm Hg = 0.133 kPa.
b Significance of difference by Student’s t-test.

Table 3. Multivariate-adjusted mean systolic blood pressure of the rotating-shift and day workers. (SE = standard error of the mean)

Group Systolic blood pressure (mm Hg2)
24-hour Awake Sleep Standard deviation
of 24-hour value
Work Nonwork Total
Mean SE Mean SE Mean SE Mean SE Mean SE Mean SE
Shift workers 125 1.5 132 1.6 133 1.6 129 1.8 109 1.6 17.5 0.6
Day workers 121 1.5 126 1.6 126 1.6 126 1.8 108 1.6 13.7 0.7
P-value® 0.06 0.02 0.01 0.21 0.59 0.0004

a1mm Hg = 0.133 kPa.
b Significance of difference by analysis of covariance adjusted for age, body mass index, daily alcohol intake, physical activities, anger-in, and systolic blood

pressure levels 0.5—25 years before the present work.

risk of subsequent cardiovascular events (6, 17-—20). Our
results seem to agree with the finding that shift workers
have a higher risk of coronary heart disease than day
workers (1—4),

The mechanisms for the effects of shift work on blood
pressure have not been fully elucidated (5). In our study,
the mean sleep time for 6 days was shorter for the shift
workers than for the day workers, and this result may
explain the higher 24-hour mean systolic blood pressure
of the shift workers, although the increase in blood pres-
sure was observed even when analyzed separately for the
work and nonwork awake periods. The shorter sleep time
among the shift workers, however, may be associated
with a higher sympathetic nerve activity. For 18 male
workers, Tochikubo et al (16) reported a higher blood
pressure and a greater urinary excretion of norepinephrine
during the day after 3 to 4 hours of sleep at night than
after ordinary amounts of sleep, a finding suggesting that
fatigue and mental stress due to insufficient sleep may
result in sympathetic activation. Furthermore, we ob-
served greater blood pressure variability among the shift
workers than among the day workers. According to Flo-
ras et al (21), greater blood pressure variability is a use-
ful index of sympathetic nerve activity, correlating well
with the increase in plasma norepinephrine.

We observed a higher “anger-in” score for the shift
workers, and this finding may also support the presence
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of a higher sympathetic nerve activity among shift work-
ers. Esler et al (22) showed that the proportion of men
suppressing hostility was 63% among high-renin hyper-
tensive men, compared with 10% among normotensive
men. These high-renin hypertensives exhibited an in-
creased plasma norepinephrine concentration and showed
a reduction to normal blood pressure by pharmacologi-
cal alpha- and beta-adrenergic blockade. The study sug-
gested that suppressed anger expression may be linked
to higher activity of the sympathetic nervous system or
the renin-angiotensin system, both of which are major
determinants of blood pressure. Earlier cross-sectional
studies also showed that suppressed anger or high “an-
ger-in” was positively associated with blood pressure or
hypertensive status (10, 23, 24). Furthermore, a large pro-
spective study indicated that persons with suppressed
anger had a higher risk of developing hypertension than
persons without suppressed anger (25).

Because job types were different between the shift
and day workers, we need to be careful in interpreting
the higher blood pressure levels among shift workers at
work. The shift workers were engaged mainly in plant
operations, while day workers worked mainly in plant
support or management. The jobs of the shift workers
may have had higher physical job demands than those of
day workers. This is an unlikely possibility, however,
since the estimated daily energy expenditure did not
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pressure (mmHg?)

Heart rate (beats/min)

Awake (continued) Sleep Standard 24-hour Awake Sleep
deviationof
Nonwork Total 24-hour value Work Nonwork Total
Mean  SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD  Mean SD
81 9 82 8 65 7 129 29 69 7 76 10 70 9 74 9 58
79 6 80 6 65 7 115 25 66 9 71 9 71 11 71 9 57 9
0.49 0.30 0.79 0.07 0.18 0.08 0.55 0.26 0.78
Table 4. Changes in long-term blood pressure and body mass index for the rotating-shift and day workers.
Group Age Systolic blood pressure Diastolic blood pressure Body mass index
(years) (mm Hg®) (mm Hg®) (kg/m?)
Past Present Change P-  Past Present Change P- Past Present Change P- Past Present Change P-
value® value? value® valueb
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Shift
workers 22.1 7.4 30585 84 6.6 121 12 128 10 7 12 001 70 11 74 10 4 12 0.07222 2.4 231 2.7 09 1.9 0.02
Day
workers 23.3 5.7 31.8 87 8.6 84 121 11 123 10 2 12 049 70 8 74 9 4 12 007222 28 23328 1.1 24 0.02

2 1mm Hg = 0.133 kPa.
® Significance of difference by paired-sample t-test.

differ between the shift and day workers in our study.
Furthermore, the mean heart rate, a useful index of phys-
ical activity, did not differ between them.

The workhours on the day of the ambulatory moni-
toring differed between the shift and day workers (12.5
versus 8.3 hours), and longer workhours among the shift
workers might have increased their blood pressure. How-
ever, because the total workhours per week (42.5 hours)
was the same for the shift and day workers, the group
difference in blood pressure is unexplained at least as the
result of the long-term effects of workhours. Furthermore,
the group difference was significant even when we com-
pared the mean blood pressures over an identical work
period (0830—1710); the mean systolic blood pressure
was 133 mm Hg (100 kPa) for the shift workers and 127
mm Hg (95.49 kPa) for the day workers (P=0.015). Thus
our results may not explain even the short-term effects
of longer workhours, at least physically, although we
cannot exclude the possible psychological effects of an-
ticipation for longer workhours of the day.

Some previous studies have shown that low socio-
economic status is associated with high blood pressure
(26, 27). It is plausible that socioeconomic status may
confound the relation between shift work and blood pres-
sure. However, in our study, the mean years of educa-
tion did not differ between the shift and day workers, and
these workers lived in the same community. In addition,

the mean salary was unlikely to differ between them be-
cause the amount of salary is largely decided according
to seniority and education.

In conclusion, shift workers have higher levels of
systolic blood pressure at work, greater variability in 24-
hour blood pressure, and a long-term increase in systolic
blood pressure levels. These findings suggest that shift
work may be linked to an increased risk for cardiovas-
cular diseases.
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