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Relationship between shift work and hypercholesterolemia in Japan
by Mirei Dochi, MD," Kouich Sakata, MD," Mitsuhiro Oishi, MD,” Kumihiko Tanaka, MD," Etsuko Koba-

yashi, PhD," Yasushi Suwazono, MD'

Dochi M, Sakata K, Oishi M, Tanaka K, Kobayashi E, Suwazono Y. Relationship between shift work and hypercho-
lesterolemia in Japan. Scand J Work Environ Health. 2008;34(1):33-39.

Objectives The objective of this study was to clarify the influence of shift work on total cholesterol levels in
serum in male Japanese workers.

Methods Pooled logistic regression analyses were applied in this 14-year cohort study of 5510 male workers
in a steel company. In examining how the adjustments influenced the results, the effect of shift work on the onset
of hypercholesterolemia (=220 mg/dl, 5.7 mmol/l) was calculated by adjusting only for age (step 1), for age and
lifestyle factors (drinking habit, smoking habit, habitual exercise) (step 2), for age, body mass index (BMI), and
the laboratory data [creatinine, glycosylated hemoglobin Alc (HbAlc), aspartic aminotransferase, y-glutamyl
transpeptidase (y-GTP), uric acid] (step 3), and for age, BMI, lifestyle factors, and the laboratory data (step 4).

Results The odds ratio (OR) for shift work with respect to the onset of hypercholesterolemia was significant in
step 4 [OR 1.10, 95% confidence interval (95% CI) 1.00-1.21, P-value 0.048], whereas the corresponding odds
ratios in steps 1, 2, and 3 were not significant. In step 4, the other significant covariates were age (OR 1.01, 95%
CI 1.00-1.02), BMI (OR 1.07,95% CI1.05-1.09), HbAlc (OR 1.07,95% CI 1.02-1.11), y-GTP (OR 1.03, 95%
CI 1.02-1.04) and alcohol consumption (OR 0.89, 95% CI 0.81-0.99).

Conclusions In the present study, shift work was shown to be a potential risk factor for hypercholesterolemia
among male Japanese workers. However, no consistent association was found between shift work and hyper-
cholesterolemia in the hierarchical evaluation of the statistical model. The present study could not provide well-

established evidence for a relationship between shift work and hypercholesterolemia.

Key terms longitudinal study.

Economic globalization needs continuous processing or
operations around the clock to optimize manufacturing
systems. Therefore a 24-hour continuous operation sys-
tem has become popular and has resulted in increasing
numbers of workers engaged in shift work in Japan and
other industrialized countries. According to the Japanese
Ministry of Labor, 22.7% of Japanese companies had
adopted shift work, including night work, in 2005. The
proportion of larger companies using shift workers has
increased (1).

Several recent studies have indicated that shift work,
including night work, is associated with an increased
risk of cerebrovascular disease, coronary artery disease,
and hypertension (2-10), diabetes mellitus (11, 12),
other health problems (13, 14), and job-related stress
(15). Although information so far shows that shift work
has adverse health effects to some degree, the pace of
economic globalization or the proportion of companies
that have adopted shift work has not diminished.

On the other hand, lifestyle-related diseases, which
are promoted by factors such as a sedentary lifestyle due
to the development of transport, excessive stress, and
an increase in the consumption of a high-fat diet, are
creating serious problems, mainly in developed nations.
Hypercholesterolemia is a lifestyle-related disease that is
also thought to be related to the metabolic syndrome and
insulin resistance syndrome, which are considered to be
risk factors for coronary artery disease (16—18).

On the basis of these backgrounds, the association
between shift work and hypercholesterolemia has been
investigated. However, most of the previous studies
were cross-sectional and did not take confounding fac-
tors into account. Among longitudinal studies, the only
one considering possible confounding factors was that
of Morikawa et al (19), who did not find any significant
difference in serum cholesterol levels between shift
workers and day workers. Thus the results have been
inconsistent, and the information available has not been
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Table 1. Number of participants and the incidence of hypercholesterolemia [total cholesterol >220 mg/dl (5.7 mmol/l) or medication].

Age Examined Persons who developed Person-years of Incidence/ Observed years/
persons (N) hypercholesterolemia observation (N) 1000 person-years person (mean)
N %
>19 years 544 79 14.5 3597 22.0 6.61
20-29 years 1113 264 23.7 6431 4141 5.78
30-39 years 1677 721 43.0 12602 57.2 7.51
40-49 years 1809 796 44.0 12121 65.7 6.70
>50 years 367 106 28.9 1276 83.1 3.48
Total 5510 1966 35.7 36027 54.6 6.54

Table 2. Characteristics of the participants in the entry year ac-
cording to the type of job schedule. (M = mean)

Characteristic Day work Shift work
(N=3263) (N=2247)

M SD % M SD %
Age (years) 351 10.82 36.1 9.58
Body mass
index (kg/m?) 232 283 229 2.81
Systolic blood
pressure (mmHg) 126.0 14.75 - 125.0 14.31
Diastolic blood
pressure (mmHg) 76.9 10.81 77.1 10.83
Total cholesterol (mg/dl) ~ 175.9 25.00 - 175.7 24.93
Creatinine (mg/dl) 0.89 0.21 0.86 0.14
Glycosylated
hemoglobin Alc (%) 47 054 46 047
Aspartic amino-
transferase (1U/1/37°) 216 19.16 216 9.78
v-Glutamyl
transpeptidase (1U/1) 28.8 37.11 29.2 35.76
Uric acid (mg/dl) 56 1.17 55 1.20
Alcohol consumption
(everyday) 36.8 457
Smoking (smoker) 58.0 68.8
Habitual exercise (absence) 41.6 454

sufficient to define the effect of shift work on the onset
of hypercholesterolemia.

Therefore, we conducted a longitudinal study to
clarify the association between hypercholesterolemia
and shift work in a large cohort.

Study population and methods

Study population

The design of this study was that of a cohort study from
1991 to 2005. The participants were 8251 male workers
in a Japanese steel company. All of the participants were
male because of the absence of female shift workers.
All of the workers at this company undergo a legally
required health examination once a year. At the same
time, a self-administered questionnaire was administered
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to obtain information about age, past history of disease,
present illness, work conditions, and lifestyle. The fol-
lowing persons were excluded from this study: those
receiving a health examination for the first time in the
final year (2005) of the follow up period (N=504), those
with any missing data in the year of entry (N=303),
those who had been diagnosed with hypercholesterol-
emia or had initiated therapy for hypercholesterolemia
before or in the year of entry (N=1432), and those for
whom the diagnosis of hypercholesterolemia could not
be determined in the subsequent year, namely, those for
whom the cholesterol measurement or present illness
of hypercholesterolemia was missing (N=502). Finally,
5510 workers comprised this cohort. More than 98% of
the workers in this company underwent an annual health
examination every year.

Table 1 gives the number of participants and the
incidence of hypercholesterolemia. The total number of
persons examined was 5510. The number of persons de-
veloping hypercholesterolemia was 1966 (35.7%). The
total number of person-years of observation amounted to
36 027. The mean observed years per person was 6.54.

Table 2 presents the characteristics of the participants
in the entry year according to the type of job schedule.
The percentages of those drinking every day, smoking,
and without habitual exercise among the shift workers
were higher than those of the day workers.

The study protocol was approved by the ethical re-
view board of the Graduate School of Medicine, Chiba
University.

Diagnosis

The detection of the onset of hypercholesterolemia
was determined for each person using two types of
databases, namely, the results of the annual health
examination each year and medical histories through
individual interviews. Serum nonfasting blood samples
were analyzed enzymatically for total cholesterol in
serum. Hypercholesterolemia was classified as either a
total serum cholesterol of >220 mg/dl (5.7 mmol/l) or
the use of lipid-lowering medication.



The medical history was investigated through the use
a self-administered questionnaire in the annual health
examination. In addition, the content was confirmed in
individual interviews conducted by occupational health
physicians.

Type of job schedule

The type of job schedule was determined using the pay-
ment ledger for March of each year and was divided into
shift work and daytime work. The workers engaged in ir-
regular shift work, such as 24-hour work and fixed night
work, were excluded. Shift schedule was planned on the
basis of four teams, three shifts, and clockwise rotation
(5 day shifts, 2 rest days; 5 evening shifts, 1 rest day;
5 night shifts, 2 rest days). The day, evening, and night
shifts started at 0700, 1500, and 2300, respectively.

Other factors

Age, body mass index (BMI), blood pressure, level
of creatinine (CRE), glycosylated hemoglobin Alc
(HbAlc), aspartic aminotransferase (AST), y-glutamyl
transpeptidase (y-GTP), uric acid (UA), alcohol con-
sumption, smoking, and habitual exercise were used as
covariates. All of the annual measurements of the other
factors during the follow-up period were incorporated
into the analysis of the longitudinal observation. There-
fore, there were multiple end points (up to 13 points)
for each participant. Alcohol consumption was classified
into two categories, drinking every day and not drink-
ing every day. Smoking habits were also classified into
two categories, smoker and nonsmoker, as was habitual
exercise, classified as regular exercise or no regular ex-
ercise. Random blood sampling was performed without
any restrictions regarding meals. During the first few of
the 14 years of the study, the content of the question-
naire changed owing to a change in company policy.
Originally, the questionnaire did not ask about the
daily frequency of smoking or the quantity of drinking.
Consequently, alcohol consumption was characterized
simply as “drinking every day” and “not drinking every
day”, and smoking was characterized simply as “smok-
ing” and “not smoking”.

Statistical analysis

In a multivariate analysis to evaluate the effect of shift
work on the onset of hypercholesterolemia in consid-
eration of the confounding factors, a pooled logistic
regression model was used. This method was first de-
scribed by Cupples et al (20). To show how strongly the
adjustments influenced the basic association between
shift work and hypercholesterolemia, the following hi-
erarchical procedure was carried out. The effect of shift
work on the onset of hypercholesterolemia, adjusted
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for age, was calculated as step 1. Similarly, step 2
was adjusted for age and lifestyle factors. Step 3 was
adjusted for age, BMI, and laboratory data, while the
final step, step 4, was adjusted for all of the variables.
The levels of creatinine, glycosylated hemoglobin Alc,
aspartic aminotransferase, y-glutamyl transpeptidase,
and uric acid were transformed logarithmically in con-
sideration of their distributions. D’ Agostino et al (21)
have described the pooled logistic regression analysis
in detail. We considered a hypothetical study of 1000
persons at risk of a disease. All of these participants had
risk factors measured at time f, (or examination 1). We
followed these participants through the first interval of
observation. During that period, 40 participants devel-
oped the disease, and 10 others were lost to follow-up.
We removed these 50 persons from the population at
risk. At time #, (examination 2), there were 950 persons
for whom risk factors were measured. Of these, 25 de-
veloped the disease, and 5 were lost to follow-up. The
remaining 920 persons had risk factors measured at time
t, (examination 3), of which 20 developed the disease
in the next period, and 10 were lost to follow-up. This
method pooled the participants at risk in each interval to
yield 2870 (1000 + 950 + 920) person-examinations and
pooled the 85 (40 + 25 + 20) disease events. A logistic
regression with 2870 observations and 85 events consti-
tuted a pooled logistic regression analysis.

Mathematically, the logistic regression model was
written as follows (21):

logitq,(xof,l))=1og[—q’(x(""‘” J=

1-g(X(7;))

o+ 7 X () +. . X ()Y, equation 1

where ¢(X(t,_,)) is the conditional probability of ob-
serving an event by time ¢, given that the individual is
event-free at time ¢, ;, and

X () =X (), - X (1)

is the vector of risk factors measured at time 7,_,. The
parameters obtained were adjusted for the effects of
other time-varying (lifestyle and BMI) covariates. Each
examination interval of 1 year was treated as a mini-fol-
low-up study. When the person developed hypercholes-
terolemia during the follow-up, subsequent data were
excluded from the analyses. When there were missing
data, subsequent data were similarly excluded. The anal-
yses were performed with SPSS 15.0J software (SPSS,
Japan Inc, Japan). P-values of <0.05 were considered to
be statistically significant.

equation 2

Results

Table 3 presents the results of the pooled logistic regres-
sion analyses according to the adjusted variables. Only
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Table 3. Strength of the adjustments influencing the basic asso-
ciation between shift work and hypercholesterolemia. (OR = odds
ratio, 95% Cl = 95% confidence interval)

OR 95% Cl P-value
Step 12 1.06 0.97-1.16 0.207
Step 2° 1.06 0.97-1.17 0.197
Step 3¢ 1.09 0.99-1.19 0.074
Step 4¢ 1.10 1.00-1.21 0.048

a Age-adjusted model.

> Model adjusted for age and lifestyle factors (alcohol consumption, smok-
ing, habitual exercise).

¢ Model adjusted for age, body mass index, and laboratory data (creati-
nine, glycosylated hemoglobin A1c, aspartic aminotransferase, y-glutamyl
transpeptidase, uric acid).

4 Model adjusted for all of the variables.

Table 4. Independent effects of the variables on predicting the
onset of hypercholesterolemia (step 4). (OR = odds ratio, 95% Cl
= 95% confidence interval)

Variable OR2  95% Cl  P-value
Job schedule type (shift or day work) 1.10 1.00-1.21 0.048
Age 1.01 1.00-1.02 0.001
Body mass index 1.07 1.05-1.09 0.001
Creatinine 1.02 0.99-1.05 0.137
Glycosylated hemoglobin Alc 1.07 1.02-1.11 0.003
Aspartic aminotransferase 1.00 0.98-1.01 0.959
v-Glutamyltranspeptidase 1.03 1.02-1.04 0.001
Uric acid 0.99 0.97-1.01 0.517
Alcohol consumption

(everyday or not everyday) 0.89 0.81-0.99 0.027
Smoking (smokers or nonsmokers) 0.95 0.87-1.05 0.341
Habitual exercise (absence or presence) 1.03 0.93-1.13 0.597

2 The ratio of the former to the latter was estimated for the type of job
schedule, alcohol consumption, smoking, and habitual exercise.

in step 4, in which the model was adjusted for age, BMI,
lifestyle factors, and biochemistry data, was the type of
job schedule slightly associated with the onset of hyper-
cholesterolemia [odds ratio (OR) 1.10, 95% confidence
interval (95% CI) 1.00-1.21].

Table 4 presents the results of step 4 in detail. Shift
work, age (OR 1.01, 95% CI 1.00-1.02), BMI (OR 1.07,
95% CI 1.05-1.09), glycosylated hemoglobin Alc (OR
1.07,95% CI 1.02-1.11), and y-glutamy! transpeptidase
(OR 1.03, 95% CI 1.02—-1.04) were positively associated
with the onset of hypercholesterolemia. On the other
hand, alcohol consumption was negatively associated
with the onset of hypercholesterolemia (OR 0.89, 95%
CI 0.81-0.99).

Discussion

There have been several cross-sectional and longitudinal
studies on the relationship between shift work and hy-
percholesterolemia. Of the cross-sectional studies, some
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concluded that shift work may be a risk factor for the
onset of hypercholesterolemia, and others concluded that
it was not (22-29). Even studies considering possible
confounding factors such as age, anthropometric data,
blood pressure, biochemical data, smoking, and alcohol
consumption did not provide consistent results regarding
the relationship between shift work and hypercholes-
terolemia. Since a study on the health effects of shift
work should take into account the healthy worker effect,
cross-sectional studies would not be able to exclude that
effect and thus have less reliability than longitudinal
studies do. Of the longitudinal studies, some concluded
that shift work may be a risk factor for the onset of
hypercholesterolemia, and others concluded that it is
not (19, 30). Among them, the only study considering
possible confounding factors was that of Morikawa et al
(19), who followed up 1529 male workers for 10 years.
Their study population comprised 1529 male blue-collar
workers, aged 19-49 years at baseline. The participants
were divided into four groups according to their work
schedules at baseline, the end point being workers doing
fixed daytime work in both years (day—day), workers
who changed from shift work to fixed daytime work
(shift-day), workers who changed from fixed daytime
work to shift work (day—shift), and workers doing
shift work in both years (shift—shift). The relationship
between changes in serum total cholesterol during the
10-year period and work schedule and other confound-
ing factors (age, BMI, smoking, alcohol consumption,
level of physical activity) were analyzed with a multiple
linear regression. In the results, there was no significant
difference in the serum cholesterol levels between the
shift workers and day workers.

As has already been mentioned, most previous stud-
ies on the relationship between shift work and hy-
percholesterolemia were cross-sectional with simple
statistical analyses, and they did not take into account
confounding factors. Even in longitudinal studies, the
follow-up period was short, the number of participants
was small, and confounding factors were not considered
except in Morikawa et al’s study (19). However, their
study compared only two sets of data, at the baseline and
after 10 years, and they did not take changes in lifestyle
into account.

In our present study, we performed a pooled logistic
regression analysis. An advantage of this method is that
it allows an evaluation of repeated measurements of
work conditions and lifestyle, which may change over
time in the multivariate models. The pooled logistic re-
gression analysis is equivalent to a Cox time-dependent
regression analysis (21). A strength of this method is that
the odds ratios obtained are adjusted for the covariates
in the multivariate model and are updated at each annual
examination (31, 32). This method of analysis has been
used frequently in recent years (6, 7, 31-37).



Three mechanisms have been implicated in the
health effects of shift work (38). First, shift work has
various influences on the human body by interfering
with the circadian rhythm. The second mechanism works
through behavioral changes including dietary habits,
smoking, and the absence of habitual exercise. In our
present study, the shift workers showed significantly
worse habits than the day workers. As for dietary habits,
Lennernas et al (39) reported that 22 shift workers who
redistributed their eating mostly to the night shift had
higher levels of serum total cholesterol. Furthermore,
other studies have surmised that an elevated risk of
ischemic heart disease due to night work may be related
to eating habits (40, 41). As a matter of fact, the detailed
individual interviews of the shift workers in our study
revealed that they usually took meals four times per
day during the night shift. For example, on the night
shift (from 2300 to 0700), the shift workers took meals
around 0200, 0900, 1400, and 1800. Although four
meals a day might promote obesity in shift workers,
BMI was included as a confounding factor in the model
in our study, and obesity would not be considered to
cause hypercholesterolemia. It may be reasonable to
consider that a confusion of meal times and interference
with the circadian rhythm may promote the onset of
hypercholesterolemia. As for the effect of shift work on
body weight, several previous studies have shown a sig-
nificant effect of shift work on body weight and also the
tendency for workers to become overweight (43—48). In
contrast, other studies failed to show such associations
(25,27, 49). As all of these studies were cross-sectional
in design, the relationship between shift work and body
weight was not determined conclusively.

The third mechanism is social disruption, which
makes it difficult for shift workers to stay with their
families, to contact their friends who are regular day
workers, and to fulfill the various social roles expected
by society. This mechanism could be thought to cause
stress. In one study, night workers were found to have
higher levels of catecholamine, a stress hormone, than
day workers (30), and in another study stress increased
total serum cholesterol (42).

The results of our study may be explained by a com-
bination of the first and third mechanisms, since alcohol
consumption, smoking, and exercise were taken into ac-
count as confounding factors. The third factor, stress, is
thought to be an essential factor having some influence
on all workers. In a future study, it will be necessary to
administer a stress questionnaire.

One more result of our study was that alcohol con-
sumption decreased the total serum cholesterol level.
Most prospective studies have consistently shown that
moderate alcohol intake has a protective effect against
coronary heart disease (CHD). The epidemiologic evi-
dence suggests a J-shaped relationship between alcohol
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and CHD. The plausible mechanisms for the putative
cardioprotective effects could include increased levels
of high-density lipoprotein cholesterol and decreased
levels of low-density lipoprotein cholesterol (50). That
is to say that alcohol consumption may improve the lipid
profile. The alcohol benefit could depend on the quantity
of drinking. In our study, the questionnaire did not ask
about the quantity of drinking due to company policy
(see the Methods section). Consequently, drinking habits
were simply characterized as “drinking every day” and
“not drinking every day”. Although we did not measure
the quantity of alcohol, the cohort was large, and the
follow-up period was long. Furthermore, in our study,
several variables were included as confounding factors.
On the basis of these conditions, the result of our study
could be valuable, to some extent, in predicting the as-
sociation between alcohol and cholesterol.

Although we did not investigate other factors, such
as type of work, during all of the follow-up periods, an
extensive questionnaire was administered in 2002. On
the basis of our results published in 2005 (15), regarding
the types of work, the percentage of onsite workers was
90% for the shift workers and 40% for the day workers.
Of the day workers, 20% was engaged in office work,
and 22% was in research or technical work. In this com-
pany, onsite workers are engaged in activities related to
steel production and equipment maintenance. Onsite
workers usually monitor and operate the production
process remotely in a safe and comfortable operation
room, without the demand for heavy physical labor.
Occasionally, these workers enter the production site to
carry out equipment maintenance while the production
process is suspended. Therefore, type of work was not
a major confounding factor in our study. Thus the type
of work was not the major confounding factor. On the
other hand, socioeconomic status such as income level,
marital status, and educational level may have influenced
our results. The economic status of the shift workers was
generally good due to their receiving shift differential
pay provided by a large Japanese steel company. Marital
status and living arrangement did not differ between the
day and shift workers. Namely, 78.7% of the day work-
ers were married (shift workers 73.4%), and 86.1% of
the day workers were living with their families (shift
workers 85.6%). As for the educational levels, the pro-
portion of those educated to the high school level or less
was actually around 70% for the day workers and around
90% for the shift workers. Previous studies in Europe
and the United States have shown that people with high-
er educational levels have better health practices. How-
ever, several epidemiologic studies have suggested that
the relationship between health status and educational
level is weaker in Japan than in Europe or in the United
States. Anzai et al (51) reported that higher education
was associated with shorter sleeping hours for both
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men and women, and a lower BMI for women. In the
age groups younger than 70 years, people with a higher
education tended to exercise more. Smoking for women,
alcohol consumption, and a health practices index were
not related to educational level. Martikainen et al (52)
reported that those with a higher educational level had
a higher BMI and waist-to-hip-ratio and a lower high-
density lipoprotein cholesterol level in Japan, and this
picture differed from that of an English cohort. Nishi et
al (53) reported that there was no relationship between
educational level and hypertension or hypercholester-
olemia and that diabetes was inversely associated with
educational level among Japanese men. In these studies,
smoking was inversely associated with educational level.
However, we included major lifestyle factors, which dif-
fered between educational levels in previous reports in
Japan, into the statistical model in our study. Therefore,
the effect of educational level was sufficiently adjusted
for. Thus we believe that the results of our study were
not biased due to socioeconomic status.

Within research on shift workers, the healthy worker
effect is usually taken into consideration; in other words,
shift workers who have any health problems are moved
to day work. However, at the company surveyed in our
study, most of the transfers from shift work to regular
day work were done for work-related reasons, and trans-
fers due to health problems amounted to no more than a
few a year. Consequently, the healthy worker effect was
regarded as not having influenced these results.

In our study, shift work was shown to be a potential
risk factor for increased total serum cholesterol among
male Japanese workers. However, we did not find a con-
sistent association between shift work and hypercholes-
terolemia in our hierarchical evaluation of the statistical
model. Therefore, we are of the opinion that our study
did not provide well-established evidence for a relation-
ship between shift work and hypercholesterolemia.
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