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ABSTRACT
Objectives: The widespread adoption of 24 h continuous
operations in a number of industries has resulted in an
increase in shift work, which may influence lipid
metabolism because of disturbed circadian rhythms,
broken sleep and lifestyle problems. The objective of the
present study was to assess the effect of shift work on
serum total cholesterol as an index of lipid metabolism.
Methods: A 14-year prospective cohort study was
conducted in day workers (n = 4079) and alternating shift
workers (n = 2807) who received annual health check-
ups between 1991 and 2005 in a Japanese steel
company. The end-points were either a 20%, 25%, 30%,
35%, 40% or 45% increase in serum total cholesterol
during the period of observation, compared with serum
total cholesterol at entry to the study. The association
between the job schedule type and increase in serum
total cholesterol was investigated using multivariate
pooled logistic regression analyses. The odds ratios for
the effect of shift work were obtained after adjustment for
a number of potential confounders.
Results: The significant odds ratios of alternating shift
work (and 95% confidence intervals) were: >20%, 1.16
(1.07 to 1.26); >25%, 1.16 (1.05 to 1.28); >35%, 1.23
(1.05 to 1.43); >40%, 1.30 (1.07 to 1.58); and >45%,
1.28 (1.01 to 1.63) for serum total cholesterol.
Conclusion: Generally the odds ratios of alternating shift
work tended to be higher for stricter cut-points of relative
increase in serum total cholesterol level. Our study in male
Japanese workers revealed that alternating shift work
adversely affected lipid metabolism.

Industrialisation in Japan and other countries has
led to the widespread adoption of 24 h continuous
operations in a number of industries, including
mining, manufacturing, transportation and service-
type companies. This has resulted in an increase in
the proportion of the population routinely engaged
in shift work.1 The Ministry of Health, Labour and
Welfare reported that 22.7% of Japanese companies
employed shift workers in 2005.1 The proportion of
larger companies using shift workers has also
increased, with 51.2% of companies with at least
1000 employees adopting a shift work schedule
that includes fixed night work and alternating shift
work.1 Although the effect of shift work on health
has been studied extensively in other countries, a
longitudinal investigation on the effect of shift
work on the health of Japanese workers has not
often been carried out and is therefore important.
An association between shift work and cardiovas-
cular disease has been reported.2–4 Disturbed

circadian rhythms, broken sleep, lifestyle problems,
and increased stress are thought to be potential
mechanisms through which shift work increases
the risk of cardiovascular disease. However, the
link between cardiovascular disease and shift work
is still questioned, and an investigation of lipid
profiles, etc, among shift workers versus day
workers will provide better understanding of how
shift work might exert its effect.

Several studies have reported that elevated
serum triglyceride5–7 and lower concentrations of
high density lipoprotein cholesterol6 7 tend to occur
more frequently in shift workers than in fixed
daytime workers. In addition, several cohort
studies8 9 have reported an association between
shift work and the risk of obesity or weight gain,
suggesting a possible link between shift work and
the development of the metabolic syndrome. Sleep
debt is known to have a harmful impact on
carbohydrate metabolism and endocrine function.10

It is therefore reasonable to expect that shift work
may influence lipid metabolism, and that alternat-
ing between day shifts and night shifts, as occurs in
alternating shift work, may be particularly deleter-
ious to the health of workers. Some of the cross-
sectional and longitudinal studies on the relation-
ship between shift work and hypercholesterolae-
mia, concluded that shift work may be a risk factor
for hypercholesterolaemia,11–13 while others con-
cluded that it was not.5 9 14–16 However, most of the
previous studies were cross-sectional and did not
take into account confounding factors. Previously,
we carried out a longitudinal study on the
relationship between alternating shift work and
the onset of hypercholesterolaemia in Japanese male
workers, taking into account possible confounding

What this paper adds

c The effect of shift work on lipid metabolism has
not often been assessed previously.

c In this study, alternating shift work was
associated significantly with various endpoints
for relative increase in serum total cholesterol.

c Generally the effects of alternating shift work
tended to be larger for stricter endpoints.

c Efficient health screening and support to control
unhealthy lifestyles may be of potential benefit in
maintaining the health of alternating shift
workers.
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factors. This study showed that shift work was a significant risk
factor for the onset of hypercholesterolaemia, although the
magnitude of the risk was small.17

As a consequence of those previous studies, a further
longitudinal cohort study is needed to establish the degree to
which shift work aggravates serum total cholesterol (T-Cho)
level prior to the onset of hypercholesterolaemia. The object of
the present study was to assess the effect of shift work on
serum total cholesterol as an index of lipid metabolism. In the
present study, the effect of shift work on increases in serum T-
Cho was investigated after adjusting for baseline serum T-Cho
level, age, body mass index (BMI), creatinine, glycated
haemoglobin A1c (HbA1c), aspartate aminotransferase, c-
glutamyl transpeptidase (GGT), uric acid, drinking habit,
smoking habit, and regular exercise using a multivariate pooled
logistic regression model that took into account the effect of
confounding influences and fluctuations in the variables.

METHODS

Participants
This prospective cohort study included observations on 8251
male workers in a Japanese steel company, collected over a 14-
year period from 1991 to 2005. The cohort consisted of more
than 98% of the workers who attended annual health
examinations during the observation period. New participants
could be enrolled during the follow-up period. None of the
subjects changed from alternating shift work to day shift work
during the observation period due to an increase in T-Cho.
Subjects treated previously for hypercholesterolaemia were
excluded, while subjects who began pharmacological therapy
for hypercholesterolaemia were classified as censored cases. The
following individuals were excluded from this study: those
undergoing a health examination for the first time in the final
year (2005) of the follow-up period (n = 504), those who had
pharmacological therapy initiated for hypercholesterolaemia
before or in the year of entry (n = 46), those who had therapy
initiated for hypercholesterolaemia in the subsequent year
(n = 21), those with any missing data in the year of entry
(n = 315), those who did not receive a health examination in the
subsequent year (n = 360) and those for whom the measure-
ment of T-Cho was missing in the subsequent year (n = 119).
Thus, 1365 workers were excluded. A total of 6886 subjects
were enrolled in the study, including 4079 day workers and 2807
alternating shift workers. The percentage of those dropping out
of the workplace and the study ranged from 12.2% (>20%
increase in T-Cho) to 17.2% (>45% increase in T-Cho) in each
cohort for each end-point. The job schedule type (ie, shift work
or day work) was determined from the payment ledger in May
of each year. The shifts were scheduled on a four-team/three-
shift plan with clockwise rotation (5 day shifts, 2 rest days, 5
evening shifts, 1 rest day, 5 night shifts and 2 rest days). The
day, evening and night shifts started at 7:00 h, 15:00 h and
23:00 h, respectively. The study protocol was approved by the
Ethics Review Board of the Graduate School of Medicine, Chiba
University.

Measurements
The health examinations, including blood sampling, were
carried out randomly between 9:00 h and 15:00 h throughout
the study period. None of the measurements were taken within
30 min after a meal or heavy physical activity. The serum T-
Cho of shift and day workers was measured by the cholesterol
oxidase-peroxidase method (normal: (220 mg/dl (5.7 mmol/l))

after fasting or 30 or more minutes after a meal. The worker’s
medical history was recorded during the annual health
examinations using a self-administered questionnaire. These
responses were confirmed by individual interviews conducted
by occupational physicians. The end-points in the study were
defined as increases of either 20%, 25%, 30%, 35%, 40% or 45%
in serum T-Cho level compared with baseline levels at entry to
the study. These multiple cut-points allowed us to investigate
the consistency and trend of results with more severe cut-
points. Age, BMI, creatinine, HbA1c, aspartate aminotransfer-
ase, GGT and uric acid were measured during the study, with
smoking and drinking habits and regular exercise being used as
covariates in the analyses. As far as possible, we chose the
covariates from the available items investigated during the
annual health examination, without overlapping with other
measurements (such as aspartate and alanine aminotransferase
for liver dysfunction) to avoid co-linearity in the logistic model.
The laboratory tests were conducted in certified clinical testing
laboratories. There was no change in the methods of laboratory
tests over the study period which required conversion due to
significant differences. Smoking and drinking habits and regular
exercise were recorded at the annual health examinations using
self-administered questionnaires. The self-administered ques-
tionnaire was developed at the beginning of the follow-up study
with reference to previous studies by an occupational physician
to encourage a healthy lifestyle in workers, based on their
situation and medical needs in the workplace.18 19 The workers
were asked to indicate whether they were a smoker or non-
smoker, drank alcohol every day or not, and exercised regularly
or not. We did not ask about eating habits.

Statistical analysis
For the univariate analysis, the means of age, BMI, serum T-
Cho, creatinine, HbA1c, aspartate aminotransferase, GGT and
uric acid at baseline were calculated. Differences in these
variables between alternating shift and day workers were then
evaluated using a Mann–Whitney U test. Baseline differences in
smoking, drinking and exercise habits between the two groups
were evaluated using the x2 test. The incidence rates of each
outcome per 1000 person-years were calculated, grouped
according to job schedule type at entry. In the multivariate
analysis, a pooled logistic regression analysis was used to
evaluate the effect of alternating shift work on each of the six
serum T-Cho end-points measured annually. All the covariates
were included simultaneously in the statistical model. Using
this method, the derived odds ratios (OR) for the end-points
were adjusted for the effects of the other covariates. As the data
on baseline serum T-Cho, creatinine, HbA1c, aspartate amino-
transferase, GGT and uric acid were not normally distributed,
the values were logarithmically transformed using a base of 1.1.
This transformation resulted in the odds ratio for the variables
increasing by 10%.

D’Agostino et al20 described pooled logistic regression analysis
in detail. We consider a hypothetical study of 1000 persons at
risk of a disease. All of these subjects have risk factors measured
at time t0 (or examination 1). We follow them through the first
interval of observation. During that time period 40 subjects
develop the disease and 10 others are lost to follow-up. We
remove these 50 subjects from the population at risk. At time t1

(examination 2) there are 950 subjects in whom risk factors are
measured. Of these, 25 develop the disease and five are lost to
follow-up. The remaining 920 subjects have risk factors
measured at time t2 (examination 3), of which 20 develop the
disease in the next period and 10 are lost to follow-up. This
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method pools the subjects at risk in each interval to yield 2870
(1000+950+920) person-examinations and pools the 85
(40+25+20) disease events. A logistic regression with 2870
observations and 85 events constitutes a pooled logistic
regression analysis.

Mathematically, the logistic regression model is written20:

 

where qi(X(ti21)) is the conditional probability of observing an
event by time ti given that the individual is event-free at time
ti21, and

is the vector of risk factors measured at time ti21. The
parameters obtained are adjusted for the effects of other time-
varying covariates. Each examination interval of 1 year was
treated as a mini follow-up study. Thus, this method included
the concept of person-year. Moreover, the obtained odds ratio
corresponds to the multivariate-adjusted incidence rate ratio of
each outcome using the observed person-years. When the
subject developed increased T-Cho during follow-up, subse-
quent data were excluded from the analyses. When there were
missing data, subsequent data were similarly excluded. The
analyses were performed with SPSS 15.0J software (SPSS,
Tokyo, Japan). p Values ,0.05 were considered to be
statistically significant.

RESULTS
Table 1 summarises the baseline characteristics of the alternat-
ing shift workers and day workers at the year of entry into the
study. BMI, HbA1c, creatinine and uric acid were significantly
higher in day workers compared with alternating shift workers,
while the alternating shift workers were significantly older and
had higher aspartate aminotransferase. The percentage of
subjects who drank or smoked every day or did exercise
regularly was significantly higher in alternating shift workers
than in day workers. The number of subjects and person-years

studied are shown in table 2. Of the subjects in the cohort,
37.1%, 25.2%, 16.3%, 10.3%, 6.4% and 4.0% developed >20%,
>25%, >30%, >35%, >40% and >45% increases in serum T-
Cho, respectively.

Table 3 shows the results of the pooled logistic regression
analysis for increases in serum T-Cho. The ORs and 95%
confidence intervals (95% CIs) are grouped according to the
serum T-Cho end-points. The type of job schedule was
significantly associated with five serum T-Cho end-points
(>20%, OR 1.16 (95% CI 1.07 to 1.26); >25%, OR 1.16 (95%
CI 1.05 to 1.28); >35%, OR 1.23 (95% CI 1.05 to 1.43); >40%, OR
1.30 (95% CI 1.07 to 1.58); >45%, OR 1.28 (95% CI 1.01 to 1.63)).
Generally the odds ratios of alternating shift work tend to be
higher for stricter cut-points of relative increase in serum total
cholesterol level. Multiple significant ORs were obtained for
baseline T-Cho (negative: >20%, >25%, >30%, >35%, >40%
and >45%), BMI (positive: >25%, >30%, >35%, >40% and
>45%), HbA1c (positive: >25%, >30%, >35%, >40% and
>45%), GGT (positive: >20%, >25%, >30%, >35%, >40% and
>45%) and drinking habit (negative: >20% and >25%). No
consistent relationship was observed for age, creatinine, aspartate
aminotransferase, uric acid, smoking or exercise habits.

DISCUSSION
The main finding of this 14-year, prospective, cohort study was
that alternating shift work had a significant adverse effect on
serum T-Cho level. Previous cross-sectional studies on the
relationship between shift work and hypercholesterolaemia5 11–16

may have been influenced by some subjects ceasing shift work,
resulting in retention of only healthy adaptable subjects in the
shift worker groups. To overcome this bias, it is necessary to
carry out a longitudinal study, similar to the present study, on a
cohort of subjects over an extended period of time, while also
taking into account health trends among those who drop out as
far as possible. The participation rate was more than 98% in the
present study. In addition, the pooled logistic regression analysis
permits continuing follow-up of subjects who changed their job
schedule type. Furthermore, increased T-Cho level was not
related to change in job schedule type. In this company, an
occupational physician was consulted and asked to approve all
measures (ie, personnel relocation) taken to address the health
problems of workers. Furthermore, the occupational physician

Table 1 Baseline characteristics of the subjects at their first health examination, grouped according to type of job schedule

Job schedule type at entry year

Day Shift Total

Mean SD Mean SD Mean SD p Value

Total serum cholesterol (mg/dl) 188.0 35.4 187.9 35.2 188.0 35.3 0.994

Age (years) 36.2 10.7 36.9 9.4 36.5 10.2 0.003

Body mass index (kg/m2) 23.5 2.9 23.3 3.0 23.4 2.9 0.001

Glycated haemoglobin A1c (%) 4.71 0.57 4.65 0.53 4.68 0.56 ,0.001

Creatinine (mg/dl) 0.90 0.29 0.87 0.15 0.89 0.24 ,0.001

Aspartate aminotransferase (IU/l) 22.2 17.7 22.4 10.4 22.3 15.2 0.003

c-Glutamyl transpeptidase (IU/l) 32.5 40.6 32.9 38.5 32.7 39.7 0.133

Uric acid (mg/dl) 5.68 1.21 5.61 1.26 5.65 1.23 0.009

% % % p Value

Drinking habit (everyday) 37.4% 47.2% 41.4% ,0.001

Smoking habit (smoker) 57.6% 67.9% 61.8% ,0.001

Regular exercise (absence) 42.4% 46.8% 44.2% ,0.001

No of subjects 4079 2807 6886
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interviewed the workers to determine their health status at the
annual health examination. Therefore, we obtained consider-
able information indicating that workers changed jobs because
of an increase in T-Cho level. There was only minimal loss of
critical data and no inversion of cause and response. We
therefore consider that retention bias was not likely to have
affected the results of our study. A limitation regarding
selection was that we could not evaluate differences in

unmeasured background factors (including the history of job
schedule type) between day and alternating shift workers.

As regards previous longitudinal studies, Morikawa et al
followed up 1529 male blue-collar workers aged 19–49 years for
10 years.9 The participants were divided into four groups
according to their work schedule at baseline and the end-point
was workers doing fixed daytime work in both years (day-day,
shift-day, day-shift and shift-shift). The relationships between

Table 2 The number of subjects and person-years studied according to type of job schedule at year of entry to the study

Increase by
Job schedule type at entry
year

No of subjects whose total cholesterol
increased (n (%))

Total person-years
of observation

Incidence rate per
1000 person-years

Mean observed years
per person

>20% Day 1398 (34.3) 25060 55.8 6.1

Shift 1160 (41.3) 19488 59.5 6.9

Total 2558 (37.1) 44548 57.4 6.5

>25% Day 931 (22.8) 27542 33.8 6.8

Shift 802 (28.6) 21920 36.6 7.8

Total 1733 (25.2) 49462 35.0 7.2

>30% Day 602 (14.8) 29353 20.5 7.2

Shift 523 (18.6) 23645 22.1 8.4

Total 1125 (16.3) 52998 21.2 7.7

>35% Day 366 (9.0) 30468 12.0 7.5

Shift 340 (12.1) 24666 13.8 8.8

Total 706 (10.3) 55134 12.8 8.0

>40% Day 226 (5.5) 31030 7.3 7.6

Shift 212 (7.6) 25298 8.4 9.0

Total 438 (6.4) 56328 7.8 8.2

>45% Day 145 (3.6) 31347 4.6 7.7

Shift 131 (4.7) 25688 5.1 9.2

Total 276 (4.0) 57035 4.8 8.3

Table 3 Odds ratios and 95% confidence intervals of shift work compared with day work for increases in total cholesterol

Variables

OR (95% CI) p Value OR (95% CI) p Value OR (95% CI) p Value

Increase by >20% Increase by >25% Increase by >30%

Job schedule type (shift/day) 1.16 (1.07 to 1.26) ,0.001 1.16 (1.05 to 1.28) 0.003 1.11 (0.98 to 1.25) 0.089

Baseline total cholesterol (mg/dl) 0.67 (0.65 to 0.69) ,0.001 0.63 (0.62 to 0.65) ,0.001 0.61 (0.59 to 0.64) ,0.001

Age 1.00 (0.99 to 1.00) 0.544 1.00 (0.99 to 1.01) 0.870 1.00 (0.99 to 1.00) 0.602

Body mass index (kg/m2) 1.02 (1.00 to 1.03) 0.054 1.03 (1.01 to 1.05) 0.001 1.05 (1.03 to 1.08) ,0.001

Creatinine (mg/dl) 0.99 (0.97 to 1.01) 0.314 0.98 (0.95 to 1.01) 0.134 0.98 (0.94 to 1.01) 0.159

Glycated haemoglobin A1c (%) 1.04 (1.00 to 1.08) 0.079 1.07 (1.02 to 1.12) 0.004 1.09 (1.03 to 1.15) 0.002

Aspartate aminotransferase (IU/l) 1.01 (0.99 to 1.02) 0.305 1.01 (1.00 to 1.03) 0.101 1.02 (1.00 to 1.04) 0.075

c-Glutamyl transpeptidase (IU/l) 1.02 (1.01 to 1.03) ,0.001 1.02 (1.01 to 1.03) ,0.001 1.02 (1.01 to 1.03) ,0.001

Uric acid (mg/dl) 0.99 (0.97 to 1.01) 0.252 1.00 (0.98 to 1.02) 0.750 1.01 (0.98 to 1.03) 0.668

Drinking habit (everyday/not everyday) 0.87 (0.79 to 0.96) 0.003 0.86 (0.77 to 0.96) 0.006 0.91 (0.79 to 1.04) 0.158

Smoking habit (smokers/non-smokers) 1.02 (0.93 to 1.11) 0.704 1.01 (0.91 to 1.12) 0.846 1.04 (0.92 to 1.18) 0.545

Regular exercise (absence/presence) 0.97 (0.89 to 1.06) 0.503 0.90 (0.81 to 0.99) 0.035 0.89 (0.79 to 1.01) 0.070

Increase by >35% Increase by >40% Increase by >45%

Job schedule type (shift/day) 1.23 (1.05 to 1.43) 0.009 1.30 (1.07 to 1.58) 0.007 1.28 (1.01 to 1.63) 0.045

Baseline total cholesterol (mg/dl) 0.57 (0.55 to 0.60) ,0.001 0.55 (0.52 to 0.58) ,0.001 0.54 (0.50 to 0.57) ,0.001

Age 1.00 (0.99 to 1.01) 0.490 1.00 (0.99 to 1.01) 0.869 0.99 (0.98 to 1.01) 0.249

Body mass index (kg/m2) 1.07 (1.04 to 1.10) ,0.001 1.10 (1.06 to 1.13) ,0.001 1.10 (1.05 to 1.15) ,0.001

Creatinine (mg/dl) 0.97 (0.93 to 1.02) 0.197 0.96 (0.91 to 1.01) 0.137 0.96 (0.89 to 1.03) 0.252

Glycated haemoglobin A1c (%) 1.12 (1.05 to 1.20) 0.001 1.16 (1.07 to 1.26) 0.001 1.15 (1.03 to 1.28) 0.013

Aspartate aminotransferase (IU/l) 1.02 (0.99 to 1.04) 0.136 1.03 (1.00 to 1.06) 0.037 1.03 (0.99 to 1.06) 0.161

c-Glutamyl transpeptidase (IU/l) 1.03 (1.02 to 1.05) ,0.001 1.03 (1.01 to 1.05) ,0.001 1.03 (1.01 to 1.05) 0.007

Uric acid (mg/dl) 1.01 (0.97 to 1.04) 0.682 1.02 (0.97 to 1.06) 0.442 1.05 (0.99 to 1.11) 0.087

Drinking habit (everyday/not everyday) 0.89 (0.75 to 1.06) 0.182 0.96 (0.78 to 1.20) 0.746 1.15 (0.87 to 1.51) 0.328

Smoking habit (smokers/non-smokers) 1.06 (0.90 to 1.24) 0.506 1.02 (0.83 to 1.26) 0.836 0.96 (0.74 to 1.24) 0.762

Regular exercise (absence/presence) 0.99 (0.85 to 1.16) 0.940 0.90 (0.74 to 1.10) 0.306 1.00 (0.78 to 1.27) 0.983

The data for total cholesterol, creatinine, glycated haemoglobin A1c, aspartate aminotransferase, c-glutamyl transpeptidase and uric acid were logarithmically transformed using a
base of 1.1. All covariates were included in the model.
OR, odds ratio, estimated as the ratio of the former to the latter for job schedule type, drinking habits, smoking habits.
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changes in serum T-Cho during the 10-year period and working
schedule were analysed adjusting for other confounding factors
at baseline by using a multiple linear regression model. The
authors did not find any significant difference in serum
cholesterol levels between shift workers and day workers.
However, one limitation of their study was that the fluctuation
in other factors was not taken into consideration.

In contrast, we performed pooled logistic regression analysis
in the present study. A strength of this multivariate method
compared with other regression models is that the odds ratio is
adjusted for variables such as job schedule type, BMI and
lifestyle (data which are updated at each annual examination).
In addition, pooled logistic regression analysis is equivalent to a
Cox time-dependent regression analysis.20 This method of
analysis has been used frequently in recent years.21–26

A further notable feature of our study was that the end-points
were defined as either 20%, 25%, 30%, 35%, 40% or 45% increases
in T-Cho relative to the value measured at entry to the study. In
our previous study,17 we found inconclusive results for the effect
of shift work on hypercholesterolaemia using T-Cho exceeding
220 mg/dl (5.7 mmol/l) as the end-point. When a threshold value
for T-Cho is used, some subjects will be excluded at the time of
entry and this may introduce loss of information. Based on this
experience, we reconsidered the study methods and adopted
different end-points in the present study. These end-points
allowed inclusion of more subjects regardless of T-Cho level at
baseline. Thus, we could obtain further information on the effect
of alternating shift work on relative changes in T-Cho over time.
On the other hand, we consider that using the end-points in the
present study allowed us to detect a subclinical effect of
alternating shift work on T-Cho, which was not detected by
the clinical adverse response in previous study.17 From the
viewpoint of preventive medicine, it is important to detect
subclinical as well as clinical changes in T-Cho. Therefore, the
results of the present study can be considered to complement the
results of our previous study17 in establishing the effects of
alternating shift work on T-Cho.

Three mechanisms have been implicated in the health effects of
shift work.3 First, shift work influences the human body by
interfering with the circadian rhythm. The second mechanism
concerns behavioural changes including dietary habit, smoking
habit and absence of regular exercise. Several studies27–29 have
evaluated food intake and nutritional habits in shift workers. A
comparison of different work shifts showed no significant
variation in daily energy intake.27 29 The total number of eating
events per day was found to be significantly higher in night shift
workers,28 although these workers had a reduced energy intake
during 8 h night shifts.29 In our study, we did not include the
number of meals or daily food intake in the statistical model, as
this information was not recorded at the beginning of the
observation period. Therefore, it is possible that a preference for
certain kinds of food will be another confounding factor for the
increase in T-Cho. The third mechanism is social disruption,
which makes it difficult for shift workers to spend time with their
families, to contact their friends who are regular day workers and
to fulfil the various social roles expected by society. This
mechanism might cause stress. One study found that night
workers had higher levels of catecholamine, a stress hormone, than
day workers,13 while another showed that stress increased serum
T-Cho.30

A limitation of the present study was that we could not
investigate other factors in detail, such as lifestyle, type of work,
eating habits, and socioeconomic status during all follow-up
periods. The simple questions on smoking, drinking and

physical exercise did not allow us to adjust for differences in
these habits or for unmeasured lifestyle choices such as eating
habits. On the other hand, BMI and other biological character-
istics were included in the model as covariates. Assessment of
these items at the annual health examination as objective
markers for various lifestyle related diseases was required by
law. These items also reflect the effects of various lifestyles,
especially in healthy subjects. Thus, we consider BMI and data
on various other biological characteristics could complement
our data on self-reported factors related to lifestyle.

In relation to the type of job, Bøggild et al31 found that, in a
random sample of Danish employees, shift workers report higher
exposure to an unfavourable work environment compared with
day workers, which may act as a confounder. However, because all
subjects in the present study were employed by a large company in
Japan, their working environments were very similar. The efforts
of employers in such companies to protect workers from harmful
work environments generally exceed legal requirements. In
addition, we administered an extensive questionnaire in 200232

which showed that 90% of alternating shift workers and 40% of
day workers engaged in onsite work. Of the day workers, 20%
were engaged in office work and 22% in research and technical
work. In the company we studied, onsite workers are engaged in
activities related to steel production and equipment maintenance
and usually monitor and operate the production process remotely
in a safe and comfortable operations room, without the demand
for heavy physical labour. Occasionally these workers enter the
production site to carry out equipment maintenance while the
production process is suspended. We therefore consider work type
was not a major confounding factor in our study. We could not
include ‘‘psychological demands’’ as a confounder because a
validated questionnaire in Japanese was not available at the
beginning of this longitudinal study. On the basis of the results
obtained in 2002,32 alternating shift work was related to low job
control but not to psychological and physiological demands. In the
present study, low job control might have to be taken into
consideration.

As for socioeconomic status, marital status and living arrange-
ments did not differ between day workers and shift workers. For
example, 79% of day workers were married compared with 74% of
alternating shift workers, while 87% of day workers lived with
their family compared with 86% of alternating shift workers.32

The economic status of the shift workers was generally good as
they received a shift allowance. Educational levels were very
similar between the day and alternating shift workers, with the
majority of workers being high school graduates. Very few
university graduates were engaged in daytime work. Therefore,
we consider that socioeconomic status was not a major
confounding factor in the present study.

On the other hand, shift workers were older than day workers
at baseline, which was surprising as it might be expected that
older people would refrain from shift work. Although it is
difficult to identify the reasons for this result, we consider that
older workers perform shift work in this company because they
receive good health care and are subject to good labour
management practices.

In conclusion, our study in male Japanese workers revealed
that alternating shift work is an independent risk factor for
deterioration in lipid metabolism. Generally, the odds ratios of
alternating shift work tend to be higher for stricter cut-points of
relative increase in serum total cholesterol level. The studied
company had an alternating shift work schedule common in
Japanese factories. Efficient health screening and regular check
ups, combined with support to control unhealthy lifestyle
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habits, therefore, have the potential to be of considerable benefit
in maintaining the health of shift workers.
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5. Knutsson A, Åkerstedt T, Jonsson BG. Prevalence of risk factors for coronary artery
disease among day and shift workers. Scand J Work Environ Health 1988;14:317–21.

6. Karlsson B, Knutsson A, Lindahl B. Is there an association between shift work and
having a metabolic syndrome? Results from a population based study of 27,485
people. Occup Environ Med 2001;58:747–52.

7. Karlsson BH, Knutsson AK, Lindahl BO, et al. Metabolic disturbances in male
workers with rotating three-shift work. Results of the WOLF study. Int Arch Occup
Environ Health 2003;76:424–30.

8. Niedhammer I, Lert F, Marne MJ. Prevalence of overweight and weight gain in relation
to night work in a nurses’ cohort. Int J Obes Relat Metab Disord 1996;20:625–33.

9. Morikawa Y, Nakagawa H, Miura K, et al. Effect of shift work on body mass index
and metabolic parameters. Scand J Work Environ Health 2007;33:45–50.

10. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and
endocrine function. Lancet 1999;354:1435–9.

11. Ghiasvand M, Heshmat R, Golpira R, et al. Shift working and risk of lipid disorders: a
cross-sectional study. Lipids Health Dis 2006;5:9.

12. Ha M, Park J. Shiftwork and metabolic risk factors of cardiovascular disease. J Occup
Health 2005;47:89–95.
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