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Objectives   This study attempted to clarify the health effects of implementing a 12-hour shift in place of the
traditional 8-hour shift in work in a clean room in an electronic parts producing factory.
Methods   Health-check records during a year or longer before and after the shift change were reviewed
regarding subjective symptoms, height, body weight, and blood pressure for 189 male workers who had moved
to a 12-hour shift and for 16 male workers who remained on an 8-hour shift.
Results   The workers changing to a 12-hour shift showed significant increases in subjective symptoms,
particularly psychological symptoms defined as related to fatigue and bodyweight gain, 1 kg on average, in the
year after the shift change. Increased symptoms and body weight remained high even another year later. The
workers remaining in the 8-hour shift did not show significant changes in symptoms or body weight during the
observation. No changes in blood pressure were observed in relation to the shift move.
Conclusions   The results suggested that implementing a 12-hour shift caused marked psychological fatigue and
unhealthy weight gain among some cleanroom workers and that the adaptation to the new work shift did not
seem easy for these workers. Working in a clean room can be considered a job in which special caution is needed
regarding increased fatigue when a compressed working schedule is implemented. Attention should also be paid
to possible weight gain among persons working 12-hour shifts.

Key terms   body weight, compressed work, psychological health, shift work, work stress.
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Recent economic and social pressures have prompted
many workplaces to introduce 12-hour shift work in-
stead of traditional 8-hour shifts. It has been debated
whether the 12-hour shift is better than the traditional
8-hour shift for health and safety, as well as for job per-
formance and the social well-being of workers. Recent-
ly, Smith et al (1) extensively reviewed previous stud-
ies comparing the effects of 8- and 12-hour shifts. Ac-
cording to them, although some studies have claimed
disadvantages of the longer 12-hour work, such as se-
vere fatigue, sleep disturbances, and social life impair-
ment, many other recent studies have reported benefi-
cial aspects of 12-hour shifts, mainly more active fami-
ly and social life thanks to the longer off-duty time,
without apparent adverse effects on worker health. Thus

they concluded that, although the study results have
been generally equivocal, 12-hour shift work seems to
harm the health and life of workers less or at most equal-
ly in comparison with 8-hour shift work. However, they
also pointed out that problems with sleep, health, and
well-being when working 12-hour shifts depended
largely on the work conditions, the nature of the job,
and the way the system was implemented among the
workforce, and they thus called for further longitudinal
comparative research into the chronic impact of such
compressed work.

In an electronic parts producing factory located in a
suburban area in Japan, the company proposed the in-
troduction of 12-hour shifts to the workforce instead of
the 8-hour shifts that had been the norm for 10 years or
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longer so as to enhance production efficacy. The work-
ers’ union accepted the change from 8-hour to 12-hour
shifts as a temporary trial before a formal agreement
with the company was reached because of fear of an
excessive load on the workers. A series of attempts was
then conducted around August 1997 when the 12-hour
shift was implemented in the factory to develop meas-
ures to support and promote the health of the 12-hour
shift workers, such as improving operational and envi-
ronmental work conditions, facilities for rest and cater-
ing services and shift designs. In this context, we ana-
lyzed data on subjective symptoms, height and body
weight, and blood pressure in periodic health checks
conducted in this factory during a year or longer before
and after this change, aiming to clarify the effects of
the change from 8-hour to 12-hour shifts on worker
health.

Subjects and methods

The production of electronic parts, liquid crystal dis-
plays, is performed within clean air rooms. The work-
ers need to wear special clothes, cap, mask, gloves, and
shoes and to go through air shower gates whenever en-
tering the workplaces. Their work consists of operating
and maintaining automatic processing machines and
light manual labor such as carrying and supplying ma-
terials (mainly glass plates) to the machines, or detect-
ing and repairing minor defects in the products using
machines with a video display apparatus, or finishing
and wrapping the products. The workers rotate these
jobs in 3- or 4-month periods. Some toxic substances,
such as organic solvents and strong acids, are used in
the production process. However, none of the workers
showed excessive exposure to any of these substances
in the regular monitoring of the workplace environment,
workers’ urine samples, or physical examinations con-
ducted by occupational health physicians.

The traditional 8-hour shift in the factory had been
conducted as a counterclockwise rotation, such as 5
days of daywork (0800–1630), 2 days off, 4 days of
nightwork (0000–0815), 3 days off, and 5 days of
evening work (1615–0015), and 2 days off. Dinner was
served at 1930 on the evening shift, and a midnight meal
was served at 0330 on the night shift. The 12-hour shift
introduced to the factory was composed of 2 weeks of
day work (1000–2200) including 2 workdays, 2 days
off, 3 workdays, 2 days off, 2 workdays, and 3 days off,
and then 2 weeks of night work (2200–1000) in a simi-
lar way. Dinner was served at 1800 on the day shift,
and a midnight meal and breakfast were served at 0045
and 0615, respectively, on the night shift.

Almost all the shift workers in the factory had
changed to 12-hour shifts in August 1997, but a few
workers engaged in the production process remained on
8-hour shifts to maintain the efficacy of the process cy-
cle, but not because of any preference of the workers.
In our study, 192 men aged 21 to 47 years [mean 31.1
(SD 5.68) years] on 1 April 1996, who had been en-
gaged in 8-hour shifts for 2 years or longer and who
changed to 12-hour shifts and continued working 12-
hour shifts until September 1999 were targeted as the
study subjects. Seventeen men aged 27 to 38 years
[mean 32.8 (SD 4.17) years], who had also been en-
gaged in 8-hour shifts for more than 2 years before Au-
gust 1997 and who continued working 8-hour shifts
thereafter were regarded as the reference group.

Records of the health checks conducted for shift
workers each half year from May 1996 to November
1998 were reviewed for the 192 changed workers and
the 17 unchanged ones. The health checks contained a
questionnaire survey for subjective symptoms and a
physical examination by an occupational health physi-
cian. In addition, health checks for all the workers in
this factory are conducted every September, including
measurements of height, body weight, and blood pres-
sure. Therefore, the height, body weight, and blood pres-
sure in 1996 were those observed a year before the shift
change, and those in 1997 were observed 1 month after
the shift change. These health checks had all been per-
formed in a room of the factory from 0900 to 1600,
namely, for workers when they were on the day work-
shift.

The questionnaire for subjective symptoms used in
the health checks of the shift workers was developed
by the Matsushita Science Center of Industrial Hygiene
to cover 58 possible symptoms, from illness of the cen-
tral and peripheral nervous system, circulatory and res-
piratory system, digestive system, musculoskeletal sys-
tem, skin, eyes and some psychological problems. The
workers were asked about frequent recognition of the
symptoms during the last 2 months (yes or no response)
at an interview conducted by experienced nurses.
Among the 58 items, 6 physical and 6 psychological
ones, which had often been cited in the questionnaires
for researching work-related fatigue in Japan (2, 3),
were selected and defined as those related to fatigue in
the present study. Low-back pain, stiff shoulder, joint
pain, limb pain, dimmed sight, and sore throat were se-
lected as the physical symptoms, and poor sleep, head
heaviness, diminished alertness, tiredness, irritation, and
unwillingness to go to the workplace were selected as
the psychological ones. Chronbach’s alpha coefficient
was calculated for the evaluation of the internal relia-
bility of the 12 subjective symptoms related to fatigue.

Height and weight were measured in the health
checks with shoes and jackets removed. Blood pressure
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was measured using an automatic sphygmomanometer
with an adequate size cuff on the right arm at heart lev-
el with the worker in a sitting position after resting on a
chair for five minutes or longer.

Some of the subjects were receiving medication for
hypertension or diabetes mellitus, but no worker had quit
or stopped shift work due to illness or poor adaptation
to the job during the observation period from May 1996
to September 1999. One man each in the 12-hour and
8-hour shift groups were omitted from the analyses be-
cause they had lost 10 kg or more of body weight in a
year by special dieting. Two other men on the 12-hour
shift were omitted because of incomplete records.
Therefore, the data on the subjective symptoms, height,
weight, and blood pressure of 189 workers on the 12-
hour shift and 16 on the 8-hour shift were subjected to
the analyses.

The means of the counts of the subjective symptoms
and those related to fatigue and the means of body
weight (kg), body mass index (BMI = weight in kilo-
grams / height in square meters), and systolic and diasto-
lic blood pressure (millimeters of mercury) during a year
or longer before and after the change from 8-hour to 12-
hour shifts for the 189 workers were compared between
two consecutive measurements and statistically tested
by a paired t-test. The statistical analyses were also con-
ducted for 16 workers who remained on 8-hour shifts.
In addition, the differences in the changes in subjective
symptoms, body weight, BMI and blood pressure over
time between the 12-hour and 8-hour shift workers and
between the younger and the older workers on the 12-
hour shifts during the 3-year observation period were test-
ed by a repeated-measure analysis of variance (ANOVA).
Correlations between the counts of subjective symp-

toms, BMI, and blood pressure at each health check and
between the changes before and after the shift change
were also calculated.

An SAS (statistical analysis system) program pack-
age for personal computers was used for calculating
Cronbach’s alpha coefficient, and the other statistical
analyses were performed using a package of StatView
5.0 for Windows; both packages were provided by the
SAS Institute, in the United States. Statistical signifi-
cance was defined as P < 0.05. P < 0.01 was regarded as
high significance and 0.05 ≤ P < 0.10 as borderline sig-
nificance.

Results

Tables 1 and 2 show the prevalence of the six physical
and six psychological symptoms that we considered to
be related to fatigue among the 189 12-hour shift work-
ers and the 16 8-hour shift workers during the six health
checks conducted from May 1996 to November 1998.
Cronbach’s alpha coefficient for the 12 symptoms was
calculated for the data from May 1997, before the shift
change, and for those from November 1997, after the
change. The obtained figures of 0.55 and 0.58, respec-
tively, were obviously not sufficiently high for a stand-
ard questionnaire but were above the minimum accept-
able level of 0.5 for practical use (4).

Table 1 shows that the complaint of stiff shoulder
was found for 7.4% to 7.9% of the 12-hour shift work-
ers before the shift change, but increased to 11.1% to
16.9%, a roughly 1.5-fold increase, thereafter. It was dif-
ficult, however, to detect marked increases in other

Table 1. Prevalence of six physical and six psychological symptoms defined to relate to fatigue for the 189 workers who had changed to
a 12-hour shift from an 8-hour shift in August 1997.

May  1996 November 1996  May  1997 November 1997 May 1998 November 1998

N           %             N           %  N          %             N          % N          %            N          %

Physical
Low-back pain 17 9.0 22 11.6 23 12.2 19 10.0 24 12.7 18 9.6
Stiff shoulder 15 7.9 14 7.4 15 7.9 21 11.1 32 16.9 23 12.2
Sore throat 2 1.1 4 2.1 6 3.2 3 1.6 5 2.6 5 2.6
Dimmed sight 6 3.2 5 2.6 6 3.2 8 4.2 5 2.6 5 2.6
Joint pain 4 2.1 2 1.1 0 3 1.6 2 1.1 3 1.6
Limb pain 3 1.6 2 1.1 3 1.6 4 2.1 3 1.6 5 2.6

Psychological
Poor sleep 7 3.7 6 3.2 5 2.6 13 6.9 15 7.9 14 7.4
Head heaviness 3 1.6 3 1.6 4 2.1 9 4.8 9 4.8 8 4.2
Diminished alertness 4 2.1 1 0.5 3 1.6 15 7.9 7 3.7 9 4.8
Tiredness 2 1.1 3 1.6 3 1.6 1 0.5 5 2.6 5 2.6
Irritation 3 1.6 1 0.5 3 1.6 4 2.1 1 0.5 4 2.1
Unwillingness to go to
workplace 1 1.1 3 1.6 3 1.6 7 3.7 8 4.2 10 5.3

Symptoms related
to fatigue
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physical symptoms, although a slight increase was ob-
served for some of them. On the other hand, almost all
of the six psychological symptoms showed apparent in-
creases after the change to 12-hour shifts. Particularly,
poor sleep, head heaviness, diminished alertness, and
unwillingness to go to the workplace increased twofold
or more among the 12-hour shift workers. As shown in
table 2, the workers who remained on 8-hour shifts did
not show marked changes in either the physical or psy-
chological symptoms during the six health checks.

Table 3 shows the mean counts for the subjective
symptoms in the six health checks: those when count-
ing a total of 58 items and those when counting 6 phys-

ical and 6 psychological items related to fatigue, togeth-
er with the standard deviations, for all the workers on
12-hour shifts and also the subgroups divided by dec-
ade of age such as the 20-year-olds, the 30-year-olds,
and the 40-year-olds. The mean counts of the total
number of symptoms for the 12-hour shift workers as a
whole were less than 0.9 before the shift change but in-
creased to 1.0 or above afterwards. Those for the phys-
ical and psychological symptoms related to fatigue were
0.28 and 0.11 or below, respectively, before the shift
change, and they increased to 0.31 and 0.24 or above,
respectively, afterwards. Similar changes were observed
in all the three age groups of 20-year-olds, 30-year-olds,

Table 2. Prevalence of six physical and six psychological symptoms defined to relate to fatigue for the 16 workers who continued to
work an 8-hour shift.

May  1996 November 1996  May  1997 November 1997 May 1998 November 1998

N           %             N           %  N          %             N          % N          %            N          %

Physical
Low-back pain 1   6.3 –    · –    · –    · –    · 1   6.3
Stiff shoulder 2 12.5 2 12.5 3 18.8 2 12.5 1   6.3 2 12.5
Sore throat –    · –    · –    · –    · –    · –    ·
Dimmed sight –    · –    · 1   6.3 2 12.5 2 12.5 –    ·
Joint pain –    · –    · 1   6.3 –    · –    · –    ·
Limb pain –    · –    · –    · –    · –    · –    ·

Psychological
Poor sleep 1   6.3 –    · –    · –    · –    · –    ·
Head heaviness 1   6.3 –    · 2 12.5 –    · –    · 1   6.3
Diminished alertness –    · –    · 1   6.3 –    · 1   6.3 1   6.3
Tiredness –    · –    · –    · –    · 1   6.3 1   6.3
Irritation 1  6.3 –    · 1   6.3 1   6.3 –    · 2 12.5
Unwillingness to go to
workplace 1   6.3 –    · 1   6.3 1   6.3 –    · 1   6.3

Symptoms related
to fatigue

Table 3. Changes in the counts of the subjective symptoms of the workers who had changed to a 12-hour shift from an 8-hour shift in
August 1997.

May   1996 November 1996 May    1997 November 1997 May    1998 November 1998

Subjects Mean SD Mean SD Mean SD Mean SD Mean SD Mean  SD

All subjects (N = 189)
All 58 items 0.85 1.90 0.79 1.84 0.88 1.77 1.09† 1.90 1.18 1.95 1.08 2.12
Physical, 6 items 0.25 0.67 0.26 0.63 0.28 0.65 0.31 0.64 0.38 0.69 0.31 0.65
Psychological, 6 items 0.11 0.43 0.09 0.32 0.11 0.36 0.26** 0.61 0.24 0.62 0.27 0.75

Subgroup of 20-year-olds (N = 86)
All 58 items 0.73 2.06 0.69 1.60 0.67 1.67 0.84 1.59 1.04 2.03 0.87 2.24
Physical, 6 items 0.22 0.62 0.26 0.60 0.30 0.69 0.31 0.67 0.34 0.70 0.28 0.61
Psychological, 6 items 0.11 0.44 0.09 0.36 0.07 0.30 0.20* 0.55 0.17 0.56 0.22 0.80

Subgroup of 30-year-olds (N = 88)
All 58 items 0.82 1.62 0.84 1.99 1.06 1.79 1.23 1.94 1.31 1.88 1.22 2.05
Physical, 6 items 0.18 0.47 0.26 0.67 0.26 0.65 0.28 0.59 0.40† 0.67 0.30 0.68
Psychological, 6 items 0.11 0.44 0.10 0.31 0.15 0.42 0.31* 0.63 0.32 0.70 0.32 0.72

Subgroup of 40-year-olds (N = 15)
All 58 items 1.73 2.37 1.07 2.22 1.07 2.22 1.67 2.99 1.20 1.94 1.47 1.84
Physical, 6 items 0.80 1.37 0.27 0.59 0.27 0.46 0.40 0.74 0.47 0.74 0.53 0.74
Psychological, 6 items 0.13 0.35 0.00 0.00 0.13 0.35 0.33 0.82 0.13 0.35 0.20 0.56

† 0.05 ≤ P < 0.10, * P < 0.05, ** P < 0.01 (statistically significant change from the preceding measure evaluated by a paired t-test).
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and 40-year-olds. A paired t-test for the difference in
the counts between two consecutive health checks
showed a significant increase in psychological symp-
toms between May 1997 and November 1997, just be-
fore and after the shift change, for all the 12-hour shift
workers and for the subgroups of 20-year-olds and 30-
year-olds. A borderline significant increase was found
for the total of symptoms among all the workers on 12-
hour shifts between May 1997 and November 1997 and
for the physical symptoms of the 30-year-olds between
November 1997 and May 1998.

The changes in the mean counts of the subjective
symptoms of the 16 workers who remained on 8-hour
shifts are summarized in table 4. As shown, the mean
counts of the symptoms varied considerably each time
during the six health checks due to their small number.
The mean counts of total symptoms, mainly for the 30-
year-olds, showed a significant decrease between May
1997 and November 1997. No significant changes were
observed in the counts of symptoms related to fatigue.

Table 5 shows the means and standard deviations
of body weight, BMI, and systolic and diastolic blood

Table 4. Changes in the counts of subjective symptoms of the workers who continued to work an 8-hour shift.

May   1996 November 1996 May   1997 November 1997 May   1998 November 1998

Subjects Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

All subjects (N = 16)
All 58 items 0.94 2.29 0.31 0.60 1.63 3.76 1.13* 3.00 1.00 2.03 1.06 1.91
Physical, 6 items 0.19 0.54 0.13 0.34 0.31 0.60 0.25 0.68 0.19 0.54 0.19 0.54
Psychological, 6 items 0.25 0.68 0.0  · 0.31 1.01 0.13 0.50 0.13 0.50 0.38 1.03

Subgroup of 20-year-olds (N = 4)
All 58 items 0.0  · 0.25 0.50 0.0  · 0.0  · 0.0  · 1.00 1.41
Physical, 6 items 0.0  · 0.0  · 0.0  · 0.0  · 0.0  · 0.25 0.50
Psychological, 6 items 0.0  · 0.0  · 0.0  · 0.0  · 0.0  · 0.25 0.50

Subgroup of 30-year-olds (N = 12)
All 58 items 1.25 2.60 0.33 0.65 2.17 4.24 1.50* 3.43 1.33 2.27 1.08 2.11
Physical, 6 items 0.25 0.62 0.17 0.39 0.42 0.67 0.33 0.78 0.25 0.62 0.17 0.58
Psychological, 6 items 0.33 0.78 0.0  · 0.42 1.17 0.17 0.58 0.17 0.58 0.42 1.17

† 0.05 ≤ P < 0.10, * P < 0.05, ** P < 0.01 (statistically significant change from the preceding measure evaluated by a paired t-test).

Table 5. Changes in body weight, body mass index (BMI), and blood pressure  (BP) among the workers who had changed to a 12-hour
shift from an 8-hour shift in August 1997.

September 1996 September 1997 September 1998 September 1999

Subjects Mean SD Mean SD Mean SD Mean SD

All subjects (N = 189)
Body weight (kg)   66.6   9.8   66.6 10.2   67.6** 10.8   67.5 10.8
BMI  (kg/m2)   22.9   3.2   22.8   3.4   23.2**   3.5   23.1   3.5
Systolic BP (mmHg a) 121 11 127** 12 124** 11 122* 12
Diastolic BP (mm Hg a)   70.1   8.5   71.6**   9.4   71.9   8.6   70.5**   8.2

Subgroup of 20-year-olds (N = 86)
Body weight (kg)   65.9 10.3   65.8 10.7   67.0** 11.7   67.2 11.6
BMI  (kg/m2)   22.1   3.3   22.0   3.4   22.4**   3.7   22.5   3.7
Systolic BP (mm Hg a) 120 12 126** 12 123** 11 120* 12
Diastolic BP (mm Hg a)   67.5   8.9   69.7**   8.7   70.2   8.3   68.1**   8.1

Subgroup of 30-year-olds (N = 88)
Body weight (kg)   67.4   9.6   67.5 10.0   68.4** 10.3   68.2 10.6
BMI  (kg/m2)   23.4   3.2   23.4   3.4   23.7**   3.4   23.6   3.4
Systolic BP (mm Hg a) 122 10 128** 12 124* 12 123 12
Diastolic BP (mm Hg a)   71.6   7.5   72.5   9.1   72.9   8.4   72.0   7.4

Subgroup of 40-year-olds (N = 15)
Body weight (kg)   65.9   7.9   66.3   7.9   67.0   7.9   65.7   7.1
BMI  (kg/m2)   23.7   2.6   23.8   2.6   24.0   2.5   23.6   2.0
Systolic BP (mm Hg a) 124 11 127 13 123 13 125 11
Diastolic BP (mm Hg a)   75.6   6.2   77.6 12.3   76.4   9.5   75.9   8.9

a 1 mm Hg ≈ 0.133 kPa.
† 0.05 ≤ P < 0.10, * P < 0.05, ** P < 0.01 (statistically significant change from the preceding measure evaluated by a paired t-test).
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pressure for the 189 workers on 12-hour shifts and those
of the age subgroups from September 1996 to Septem-
ber 1999. The mean body weight for all the 12-hour shift
workers was 66.6 kg in 1996, 66.6 kg in 1997, 67.6 kg
in 1998, and 67.5 kg in 1999, showing a weight gain of
1.0 kg in the year between 1997 and 1998 (ie, between
the beginning of and a year after the start of the 12-hour
shift work). On the other hand, similar weights were
observed in the years of 1996 and 1997 (in the year be-
fore the change) and also in 1998 and 1999 (1 to 2 years
afterwards). Weight gain in the year between 1997 and
1998 was 1.2 kg for the 20-year-olds and 0.9 kg for the
30-year-olds. The 40-year-olds showed a weight gain of
0.7 kg in the year between 1997 and 1998, but they
showed a loss of 1.3 kg between 1998 and 1999. Alto-
gether, they lost 0.2 kg of body weight from 1996 to
1999. A paired t-test for the change in body weight be-
tween two consecutive years showed a significant in-
crease for all the 12-hour shift workers and also for the
20-year-olds and 30-year-olds between 1997 and 1998.
Correspondingly, the BMI of the workers on 12-hour
shifts increased significantly from 22.8 to 23.2 for all
the workers, 22.0 to 22.4 for the 20-year-olds, and 23.4
to 23.7 for the 30-year-olds between 1997 and 1998. The
increase for the 40-year-olds was from 23.8 to 24.0, with
a decrease to 23.6 in 1999.

On the other hand, the 16 workers on 8-hour shifts
showed a large variation in mean body weight, namely,
67.0 kg in 1996, 66.5 kg in 1997, 67.1 kg in 1998 and
66.3 kg in 1999 (table 6). The 8-hour 20-year-olds
showed a weight gain of 0.8 kg between 1997 and 1998,

but they numbered only four. The 30-year-olds showed
a weight gain of 0.2 kg between 1997 and 1998, but they
showed a loss of 1.1 kg between 1998 and 1999. No sta-
tistically significant changes were found for either the
entire 8-hour shift group or the age subgroups during
1996 and 1999. The changes in BMI among the sub-
jects were not significant either.

As shown in tables 5 and 6, the mean blood pres-
sure varied markedly and often showed a statistically
significant difference between two consecutive years,
among both the 12-hour shift workers and the 8-hour
shift workers. Thus the changes in blood pressure were
thought to relate to some technical factors involved in
the measurements, such as room temperature, noise, or
equipment, rather than to the shift change.

Although the increases in symptoms, body weight,
and BMI in the year between 1997 and 1998 seemed
more conspicuous for the 12-hour shift workers in com-
parison with the 8-hour workers and the younger work-
ers in comparison with the older workers on 12-hour
shifts, the differences were not statistically significant
in a repeated-measure ANOVA. The number of 8-hour
shift workers and that of the 40-year-olds on 12-hour
shifts were too small to test for statistical significance.

The correlation coefficients between BMI and systo-
lic and diastolic blood pressure constantly ranged from
0.35 to 0.38, being highly significant at each health
check. The changes in the counts of subjective symp-
toms, BMI, and blood pressure before and after the shift
change did not show significant correlations with each
other.

Table 6. Changes in body weight, body mass index (BMI) and blood pressure (BP) among the workers who continued to work 8-hour
shifts.

September 1996 September 1997 September 1998 September 1999

Subjects Mean SD Mean SD Mean SD Mean SD

All subjects (N = 16)
Body weight (kg)   67.0   8.7   66.5   8.7   67.1   8.5   66.3   8.5
BMI  (kg/m2)   22.8   2.1   22.6   2.1   22.8   2.0   22.6   2.0
Systolic BP (mm Hg a) 126 12 131* 12 127 10 124 10
Diastolic BP (mm Hg a)   73.6   7.6   74.9   8.4   72.8   8.4   72.9   8.5

Subgroup of 20-year-olds (N = 4)
Body weight (kg)   69.5 10.8   68.9 12.1   70.7 12.1   71.0 10.1
BMI  (kg/m2)   23.5   2.0   23.2   2.2   23.7   1.8   23.9   1.3
Systolic BP (mm Hg a) 124   9 127 11 124 11 121 13
Diastolic BP (mm Hg a)   72.0   5.0   74.8   5.4   71.0   2.7   68.0   6.4

Subgroup of 30-year-olds (N = 12)
Body weight (kg)   66.2   8.2   65.7   7.7   65.9   7.2   64.8   7.8
BMI  (kg/m2)   22.6   2.2   22.4   2.1   22.5   2.0   22.1   2.1
Systolic BP (mm Hg a) 126 13 132† 12 128 10 125   9
Diastolic BP (mm Hg a)   74.1   8.5   74.9   9.4   73.3   9.6   74.5   8.7

a 1 mm Hg ≈ 0.133 kPa.
† 0.05 ≤ P < 0.10, * P < 0.05, ** P < 0.01 (statistically significant change from the preceding measure evaluated by a paired t-test).
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Discussion

Considering the circumstances surrounding the imple-
mentation of the new 12-hour shift in the factory under
study, such as the abolishment of the accustomed 8-hour
shift and the introduction of a previously inexperienced
longer work period to the workforce, as well as concern
about an excessive workload by the workers’ union, we
analyzed the data of routine periodic health checks.
Since the workers were not aware of this use of the data
to evaluate the effects of the new shift on their health,
the influence of an intentional attitude toward the new
shift may have been reduced or avoided, at least to some
degree. The observation was done not only for the data
just before and after the shift change but also for those
from a year or longer earlier and later, which also helps
to avoid the so-called honeymoon or Hawthorne effect
during the period of adaptation to the new shift. Fur-
thermore, we are confident that no important informa-
tion on the health effects of the new shift system was
missed since no workers quit or stopped shift work be-
cause of ill health or poor adaptation to it during the
observation period.

The 58 items in the questionnaire covered symptoms
reflecting illness originating in various organs and sys-
tems. Although the means for the 58 symptoms of the
12-hour shift workers showed a borderline significant
increase before and after the shift change, the major
symptoms related to serious circulatory or digestive ill-
ness, such as chest pain, palpitation, shortness of breath,
abdominal pain, anorexia, nausea and vomiting, were
rare both before and after the shift change, and they did
not increase with the 12-hour shift work. Together with
the fact that no workers quit or stopped shift work, we
concluded that no serious health problems occurred
among the workers after changing to the 12-hour shift.
Only minor ocular symptoms, such as light pain, itchy
and uncomfortable feeling in the eyes, and nasal dis-
charge were slightly increased after the change.

On the other hand, the symptoms that we considered
to reflect fatigue psychologically were increased mark-
edly after the shift change; particularly, poor sleep, head
heaviness, diminished alertness, and unwillingness to go
to the workplace were increased twofold or more. These
symptoms were generally rare, in 5 or so of the 189
workers when they were working 8-hour shifts, but in-
creased to 10 or more with the 12-hour shift work. The
questionnaire was administered to the workers while
they were on their day shift, and thus these symptoms
did not reflect the acute effects of night work but, rath-
er, reflected more chronic effects of 12-hour shift work.
The increase in symptoms was still apparent even a year
later. It can be said, therefore, that working 12-hour
shifts caused psychologically marked fatigue in some
of the cleanroom workers who had been accustomed to

8-hour shifts and that adaptation to the new workshift
did not seem easy for them, although it might be possi-
ble in later years.

The effects of compressed work, like 12-hour shifts,
on health and life have been investigated among work-
ers in production industries (5–7), computer operating
(8–10), a power station (11), police work (12), and nurs-
ing (13–16). Although many of the studies showed that
12-hour shifts, as compared with 8-hour shifts, have
been generally less harmful to both the physical and psy-
chological health of the worker and the family and so-
cial life of the workers, increased fatigue and decreased
job performance have often been observed among nurses
(13–15) or control room operators of a plant by Rosa et
al (8, 9). Rosa et al thus pointed out that the fatiguing
effect of the longer work period may be exacerbated by
jobs that are sedentary, automated, or require relatively
more cognitive, as opposed to physical activity (17).
This must also be the case in jobs imposing a heavy
physical and mental workload such as nursing (1).

Our workers did not handle heavy materials and did
not need to perform strong physical actions, but they
needed to walk around to operate and maintain the proc-
ess machines. Detecting and repairing work for minor
defects in the products using a video display apparatus
may need considerable concentration but may not be a
severe strain. So the jobs of our subjects were not typi-
cally sedentary, automated, or highly monotonous, al-
though they were somewhat repetitious. The exacerbat-
ing factors for fatigue due to 12-hour shift work in this
work population thus remain unclear.

Overtime, moonlighting, or responsibility for fami-
ly and society are important factors contributing to fa-
tigue among shift workers. Although we did not survey
directly the effects of such factors on the complaints
among the subjects, the average overtime of the work-
ers was 4 to 5 hours per month, and it did not differ be-
fore and after the shift change. In addition, the family
and social responsibilities were not thought to have
changed significantly after the shift change. As far as
we know, the subjects were unlikely to moonlight more
frequently when on the 12-hour shifts. A negative atti-
tude of the workforce in association with the implemen-
tation of the new shift, which we tried to avoid or re-
duce by analyzing routine data, may have had a bearing
on the increases in complaints. According to a survey
conducted by the labor union, the overall preference for
the two shifts among the workers was almost equal, one-
third preferring the 8-hour shift, one-third preferring the
12-hour shift, and the remaining third liking or dislik-
ing the two shifts equally. The influence of the shift
preference on the subjective symptoms remains to be
elucidated by further studies.

Stress at work is another important factor causing
worker fatigue. It would thus be likely that daily
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nuisances associated with working in a clean room, such
as wearing special clothes, cap, mask, gloves, and shoes
and passing air shower gates whenever entering the
workplace, may have constituted a strong stressor and
exacerbated fatigue at work. Although it is difficult to
determine the major factors related to the excessive fa-
tigue among our subjects, working in a clean room could
be listed as a job in which special caution for increased
fatigue is needed when a compressed work schedule is
implemented.

Efforts should be focused, therefore, on reducing
fatigue among cleanroom workers who work a com-
pressed schedule. It has been recommended that shift
systems in a compressed workweek be designed to min-
imize the accumulation of fatigue and that quickly ro-
tating systems are generally preferable to slowly rotat-
ing ones (18). As a case for cleanroom workers, Toyo-
da & Yamada (19) reported the reduction of acute fa-
tigue complaints related to daily 12-hour operation af-
ter the rotation was revised from a 2-week slow day-
night rotation, which was done for our subjects, to a 2-
or 3-day quick day-night rotation (ie, 2 days of work, 2
days off, 3 nights of work, 2 days off, 2 days of work, 3
days off, etc) in a plant producing electronic semicon-
ductors. Thus a quick rotating system should be imple-
mented in this factory and evaluated for any improve-
ments in chronic fatigue by a further study. Such a re-
vision of the shift schedule has been discussed in this
factory, but no consensus has yet been reached among
the workers or between the company and the workforce.
Improvements in operational and environmental condi-
tions have also been instituted in this factory, but, as
shown in the study results, they have not yet succeeded
in reducing fatigue.

Another conspicuous finding in this study was
weight gain, 1 kg in a year, among the subjects after
they started working 12-hour shifts. The weight gain
seemed more marked among the younger workers in
their 20s or 30s than among the older ones in their 40s,
although the differences did not reach statistical signif-
icance. To our knowledge, unhealthy weight gain has
not been well documented as a health effect of 12-hour
shift work. However, Nakata et al (20) similarly ob-
served weight gain among workers in an electronic parts
factory, an average of 1 kg in a year, after implement-
ing 12-hour shift work instead of the traditional 8-hour
shift. They did not confirm the findings by repeated or
long-term observation, but, as shown in our study, the
increased weight persisted even after another year.
There have been some studies implicating night shift
work itself as a cause of weight gain (21–23). The ex-
act mechanisms of weight gain due to night shift work
have remained obscure, but excessive food intake, par-
ticularly at night (night eating), reduced energy con-
sumption in daytime (more and longer naps), and dis-

turbances in the circadian rhythm of hormonal excre-
tion have been proposed.

Exact data on the changes in the life of our subjects
after they started 12-hour shift work were not availa-
ble, but, in the interviews conducted by the nurses in
the health checks, some of the workers admitted to ad-
ditional intake of foods or alcoholic beverages after re-
turning home and before going to bed to promote a quick
sleep. In addition, some of them tended to sleep longer,
particularly on the first off-duty day after night work.
Although increased family or social activity in the long-
er off-duty time is the most expected benefit of the com-
pressed work schedule, some workers may spend these
days in a sedentary fashion, resulting in a reduction in
total energy consumption. The sedentariness in off-duty
time may reflect a need for recuperation from the ex-
cessive fatigue due to 12-hour shift work, as was sug-
gested in a study on nurses working 12-hour shifts (24).
However, the association between increased fatigue and
weight gain was obscure among our subjects since no
significant correlations were found between the increas-
es in fatigue symptoms and those in body weight after
the shift change.

The older workers in their 40s among our subjects
showed a loss of weight after another year, while a tem-
porary weight gain was observed in the year after they
started 12-hour shift work. Older workers are generally
much more concerned about their own health than
younger ones. Therefore, the increased body weight of
the younger workers in their 20s and 30s could also re-
turn to the levels observed while they were on 8-hour
shifts in later years as they adapt their life style to the
new shift. However, if increased body weight remains
high even years later, it may exert considerable delete-
rious effects on the health of the workers. According to
epidemiologic studies on the Japanese population, the
ideal BMI with the lowest morbidity has been proposed
to be 22.2 kg/m2 for men (25), a value which is lower
than the average of our subjects, and an increase of 1.0
kg/m2 in BMI corresponds to 37% and 26% increases
in the odds of hypertension and high blood cholesterol,
respectively, for men aged 30–39 years, for whom the
BMI ranged from 20.0 to 26.0, and thus were not obese
(26).

Blood pressure correlated strongly with the BMI of
our subjects every year. Therefore, although no signifi-
cant change in blood pressure was observed after the
move to 12-hour shifts, an elevation of blood pressure
may be revealed by repeated and longer observations
of the subjects who gained weight. An association of
shift work, although it was 8-hour shift work, with the
onset of hypertension was suggested in a study for a
male Japanese occupational population (27).

The adverse health effects of increased body weight
are even more serious for workers when they have
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hypertension or diabetes mellitus. Some of our subjects
were indeed under medication for hypertension and di-
abetes. Much attention, therefore, should be paid to
possible weight gain after a compressed work schedule
is implemented. According to a survey in this factory,
only 5% of the male workers performed physical exer-
cise regularly twice a week or more. Therefore, the
workers should be encouraged to increase their physi-
cal activity and maintain moderate food intake, particu-
larly in the long off-duty time, in order to maintain body
weight and health. Regular physical exercise has been
reported to improve the quality of sleep (28) and even
psychological health (29–31) and thus may also be help-
ful in reducing work-related fatigue (32), together with
improvements in shift schedules and other work condi-
tions.
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