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Objectives The aim of this study was to investigate the effect of shift working on the risk of developing impaired
glucose tolerance (IGT).

Methods This study comprised 6413 male employees (5608 daytime workers, 512 3-shift workers and 293
2-shift workers) whose work schedules remained constant during the follow-up period (mean follow-up period
9.9 years). IGT was defined as Hemoglobin Alc >5.9%. The Cox proportional hazards model was used to esti-
mate the risk of developing IGT, after making adjustments for age, smoking, alcohol consumption, leisure-time
physical activity, body mass index (BMI) and Hemoglobin Alc (HbAlc) at baseline. Analysis was additionally
performed for a sub-cohort of 1625 workers with BMI of 20.0-25.0 kg/m? that did not change by >2.0 kg/m?
during the follow up period.

Results The risk of developing IGT was significantly elevated among both 3-shift workers [hazard ratio (HR)
1.78, 95% confidence interval (95% CI) 1.49—2.14] and 2-shift workers (HR 2.62, 95% CI 2.17-3.17). Signifi-
cant elevations of the risk were still observed at the additional analysis on the sub-cohort (3-shift work: HR 3.55,
95% CI 2.02-6.25; 2-shift work: HR 4.86, 95% CI 2.62-9.01).

Conclusions Both 2- and 3-shift workers were associated with a high risk factor of developing IGT compared
to day workers. Moreover, 2-shift workers had a higher risk than 3-shift workers. The risk was observed even

among workers whose body mass remained within the normal range.
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Shift work is widely adopted by workplaces that need
round-the-clock operations. Indeed, in the US and
Europe, some 15-20% of workers are estimated to work
on shift schedules, with >2.5 billion workers estimated
to be exposed to such a work schedule (1). Because of
the prevalence of shift work, it is important to assess the
health impact of such work.

Several previous longitudinal studies found a con-
sistently elevated risk of shift workers developing
impaired glucose tolerance (IGT) or diabetes (2-5),
although some issues require further evaluation. First, it
is assumed that various types of shift schedule have dif-
ferent impacts on health (6), however, to our knowledge,

only one of these studies investigated such differences
(2). Second, shift workers are reported to be a high risk
population for developing obesity (7), and previous
work suggested that body weight gain caused by their
work schedule is a mediator between shift working and
IGT risk (3). Meanwhile, the risk of IGT among shift
workers who do not become obese remains unclear.
Epidemiological studies that estimate the impact of
shift work on health face several common limitations
that hamper an accurate assessment. These include
difficulties in exposure assessment (that is, informa-
tion bias), a potential significant result bias due to the
“healthy worker effect” (selection bias), and socioeco-
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nomic gaps between daytime workers and shift workers
(confounding). With regard to exposure assessment,
an employee’s schedule may change over time, so a
precise long-term follow-up of the work schedule is
rarely obtained. Concerning the bias associated with the
healthy worker effect, certain aspects of an occupational
health policy may allow healthy workers to be selected
as shift workers to provide unhealthy shift workers
the chance to move to daytime work. This may lead to
underestimation of the risks to health. Finally, socioeco-
nomic gaps such as education level or domestic finance
situation between shift workers and daytime workers
may confound the results. (7)

The present retrospective cohort study aimed to
overcome these limitations and obtain further evidence
regarding the risks for shift workers in developing IGT.

Methods

We conducted an industry-based epidemiological study
based on a healthcare database system of a Japanese
corporation that manufactures innovative products based
on chemistry and material sciences. At this particular
corporation, annual health check-up results and the
work schedule of every employee have been recorded
since 1981. At present, more than 26 000 workers are
registered in the database, which is still being updated.

The main types of shift schedule at the corpora-
tion are rotating 3- and 2-shift work. Both systems are
24-hour operations and consist of 4 teams working con-
tinuous rotating shifts, which move counterclockwise for
the 3-shift system. Workers of the 3-shift system have
3 days off within a 9-day cycle, while 2-shift system
workers have 4 days off within an 8-day cycle.

In January 2009, we extracted records of work sched-
ules and health check-ups for 20 529 male workers from
the database. Analysis was restricted to 6970 male work-
ers aged <30 years and who were without IGT at their
first health exam. Of these, 6413 workers whose work
schedules remained constant during the follow-up period
were selected for further study [mean age 23.6, standard
deviation (SD) 2.7 years]. Of the 6413 workers, 5608
were permanent daytime workers, 512 were permanent
rotating 3-shift workers, and 293 were permanent rotating
2-shift workers.

For the purpose of this study, IGT was defined as
Hemoglobin Alc (HbAlc) 25.9%, which is commonly
used by the participating corporation as a reference
value for IGT according to the recommendation of the
Japan Society of Ningen Dock (8). The HbAlc value
was measured by the Japan Diabetes Society (JDS)
standardized method (9).

During the follow-up time of 23.2 years (63 601
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person-years in total; mean follow-up period 9.9 years),
1209 incidences of IGT were detected. Self-administered
questionnaires for each employee provided informa-
tion on smoking habits (never smoker, current smoker,
former smoker), alcohol consumption (non-drinker,
drinker), and frequency of physical activity during lei-
sure time (<3 days/week, >3 days/week) (table 1).

Kaplan-Meier survival curves and the log-rank
test were used to compare the risk of developing IGT
between rotating shift workers and daytime workers
(figure 1). We estimated hazard ratios (HR) using the
Cox proportional-hazard model, adjusting for age only,
as well as for age together with smoking habits, alcohol
consumption, frequency of physical activity during lei-
sure time, BMI and HbA 1¢ at first health check-up (table
2). Missing values of lifestyle factors derived from the
questionnaires were treated as an additional category
for this analysis.

To exclude the effect of body weight change during
the follow up and describe the risk among workers with-
out obesity, additional analyses were performed of 6413
workers with no restriction on BMI (original cohort),
2319 subjects whose BMI was 20.0-25.0 kg/m? during
the whole follow-up period (sub-cohort 1) and 1625 sub-
jects from sub-cohort 1 whose BMI changed by <2.0 kg/
m? during the whole follow-up period (sub-cohort 2). The
lower limit of BMI was set because not only obesity but
leanness has been identified as a risk factor for diabetes
among the Japanese population (10).

Calculations were performed using Stata version
10.0 (StataCorp, College Station, TX, USA) and SPSS
version 12.0 software (SPSS, Chicago, IL, USA).

Ethics

The Ethics Committee for Medical Care and Research
at the University of Occupational and Environmental
Health, Kitakyushu, Japan, approved this study.

Results

Table 1 shows the baseline patient characteristics
according to the type of work schedule. Of the 6413
male workers, 5608 (87.4%) were permanent daytime
workers, 512 (8.0%) were permanent rotating 3-shift
workers and 293 (4.6%) were permanent rotating 2-shift
workers. Three-shift workers were significantly younger
than other types of workers at their first health check-up
(mean age 21.3 years for 3-shift workers versus 23.9
years and 23.0 years for daytime and 2 shift workers,
respectively, P<0.001).

No statistical difference was observed in mean
BMI between the work schedules at the first health
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Table 1. Baseline characteristics of workers according to work schedule. [SD=standard deviation; BMI=body mass index;

HbA1c=hemoglobin A1c]

Work schedule Day time Three-shift Two-shift P-value
N Mean % SD N Mean % SD N Mean % SD
Number of subjects 5608 87.4 512 8.0 293 4.6
Person-years 54 955 5940 2706
Years of follow up 9.8 11.6 9.2
Age (years) 239 2.4 213 3.7 23.0 3.7 <0.0012
BMI (kg/m?) 22.0 2.8 21.8 2.9 22.1 28 01742
HbA1c (%) 5.0 0.4 5.1 0.4 5.1 0.4 <0.0012
Lifestyle factors
Smoking <0.001°
Current smoker 444 57.0 50.9
Never smoker 40.3 29.7 30.0
Ex-smoker 13.0 11.9 18.4
Missing 2.4 1.4 0.7
Alcohol drinking <0.001°®
Current drinker 72.0 61.7 69.3
Non-drinker 25.6 36.9 30.0
Missing 2.3 1.4 0.7
Leisure-time physical <0.001°®
activity
3 days per week 50.8 53.5 65.2
<3 days per week 33.6 42.6 33.8
Missing 15.6 3.9 1.0
2P-values derived from analysis of variance.
bP-values derived from Chi-square test.
8 |
©
o
i e
o [
32
(%
&
o
8
d T T T T T T
0 5 10 15 20 25
Follow-up time (years)
Number at risk(number of failure events)
daytime 5608 (747) 3953 (132) 2511 (49) 1528 (15) 301 (4) 0
three-shift 512  (89) 382  (41) 317 (7) 242 (4) 27 (0) 0
wo-shift 293  (109) 155  (10) 130  (0) 95 2 37 (0) 0 Figure 1. Kaplan-Meier survival
daytime workers =~ ————- three-shift wokers curves for impaired glucose .mIer-
) ance among workers according to
"""""" two-shift workers type of work schedule.

check-up, but shift workers revealed a significantly
higher level of HbAlc than daytime workers (5.1%
versus 5.0% for both types of shift workers versus
daytime workers, respectively, P<0.001). Regard-
ing lifestyle factors, smoking was significantly more
prevalent among 3-shift workers (57.0% for 3-shift
workers, 50.9% for 2-shift workers and 44.4% for
daytime workers, P<0.001). Drinking was significantly
less prevalent among 3-shift workers (61.7% versus
69.3% versus 72.0%, respectively), while exercise

was significantly more prevalent among 2-shift workers
(53.5% versus 65.2% versus 50.8%, respectively).

Figure 1 shows the Kaplan-Meier survival curves for
IGT, demonstrating the significant between-group differ-
ence in survival rate among work schedules. Significant
between-group differences were observed between day
and 3-shift work (log-rank test, P<0.001), and between
3- and 2-shift work (log-rank test, P<0.001). Two-shift
workers showed the lowest survival rate.

Table 2 shows the incidence rate of IGT and the
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Table 2. Incidence rate (IR) and hazard ratio (HR) of developing impaired glucose tolerance according to type of work schedule. [95%
C1=95% confidence interval; BMI=body mass index; HbA1c=hemoglobin A1c]

Work schedule N Person-  Number Crude incidence Age-adjusted Multivariate @
years of cases rate (per 100
person-years)
IR 95% Cl HR 2 95% Gl P-value HR 95% Cl P-value
Original cohort ®
(N=6413)
Daytime 5608 54 955 947 1.7 1.6-1.8 1.0 1.0
Three-shift 512 5940 141 2.4 2.0-2.8 1.93  1.61-2.32 <0.001 178  1.49-2.14 <0.001
Two-shift 293 2706 121 45 3.7-5.3 3.02  2.50-3.66 <0.001 2.62 217-317 <0.001
Sub-cohort 1 ¢
(N=2319)
Daytime 2119 18 649 229 1.2 1.1-14 1.0 1.0
Three-shift 125 1248 31 2.5 1.7-3.5 2.64  1.80-3.89 <0.001 2.08  1.42-3.04 <0.001
Two-shift 75 635 25 3.9 2.7-5.8 3.89 254-595 <0.001 3.09 2.02-4.73 <0.001
Sub-cohort 2 ¢
(N=1625)
Daytime 1515 11742 93 0.8 0.6-1.0 1.0 1.0
Three-shift 69 557 15 2.7 1.6-4.5 462  2.62-9.14 <0.001 3.55 2.02-6.25 <0.001
Two-shift 41 251 12 4.8 2.7-8.4 6.64 3.60-12.2 <0.001 486  2.62-9.01 <0.001

2 HR adjusted by age, smoking, alcohol drinking, leisure time physical activity, BMI and HbA1c.

b Original cohort; No restriction by BMI.

¢ Sub-cohort 1; Subjects whose BMI were 20.0-25.0 kg/m? during follow up.

dSub-cohort 2; Subjects whose BMI were 20.0-25.0 kg/m? and change in BMI was <2.5 kg/m? during follow up.

results of the Cox proportional hazards model analy-
sis for each cohort. There were two major findings.
First, in the original cohort, age-adjusted HR was
significantly higher among rotating shift workers than
daytime workers [HR 1.93, 95% confidence interval
(95% CI) 1.61-2.32, HR 3.02, 95% CI 2.50-3.66,
respectively for 3- and 2-shift workers). Results were
not significantly altered even following adjustment for
age, BMI, HbAlc at baseline, smoking habit, alcohol
consumption, and physical activity during leisure time
(HR 1.78, 95% CI 1.49-2.14 and HR 2.62, 95% CI
2.17-3.17, respectively). Compared to 3-shift work-
ers, 2-shift workers were associated with a higher
risk for these analyses; the 95% CI of the results did
not overlap. The age-adjusted HR of 2- compared to
3-shift workers in the original cohort was 1.45 (95%
CI 1.13-1.86; multivariate HR 1.42, 95% CI 1.11-1.82;
data not shown).

Second, the crude incident rate (number of IGT
incident per 100 person years) among day workers
decreased according to BMI restrictions (from 1.7 for
the original cohort to 1.2 for sub-cohort 1 and 0.8 for
sub-cohort 2). On the other hand, this trend was not
observed for the incident rate among shift workers (2.4,
2.5, and 2.7, respectively, for 3-shift workers and 4.5,
3.9, and 4.8, respectively, for 2-shift workers). Follow-
ing this finding, HR calculated by the Cox proportional
hazard model increased according to the BMI restric-
tions. The restrictions increased the multivariate HR for
3-shift workers from 1.78 for the original cohort, to 2.08
for sub-cohort 1 and 3.55 for sub-cohort 2; and also for
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2-shift workers from 2.62 for the original cohort, to 3.09
for sub-cohort 1, and 4.865 for sub-cohort 2.

Discussion

Survival analysis of 6413 workers with permanent work
schedules revealed an increased risk of developing IGT
among both 2- and 3-rotating shift workers compared to
daytime workers over a follow-up period of 23.2 years
(mean follow-up period 9.9 years). Additionally, signifi-
cant differences in this risk were observed for different
types of shift schedules, with 2-shift workers showing a
higher risk than 3-shift workers. Relative risk increases
were still observed among subjects without obesity.
Daytime workers revealed a decrease in the incidence
rate of IGT when we excluded the effects of body weight
change during follow-up by restricting subjects, but this
did not alter among shift workers.

For the purposes of this study, cases of IGT were
defined by HbAlc and not by fasting blood glucose
(FBG) levels. Although a recent study suggested that a
combination of FBG and HbA 1¢ more efficiently deter-
mines subsets of individuals at risk from developing
diabetes (11), it is difficult to obtain FBG measurements
from large numbers of workers, particularly shift work-
ers. HbAlc is thought to be less relevant in screening
for IGT or diabetes compared to FBG, however, its
measurements are not affected by dietary intake before
the examination and are regarded as a practical index



of average blood glucose levels. Using the JDS stan-
dardized method (9), we measured HbA1c and selected
a cutoff value for case of 25.9% according to the rec-
ommendation of the Japan Society of Ningen Dock
(8). Compared to the international standard method of
National Glycohemoglobin Standardization Program
(NGSP), the JDS method reveals a 0.4% lower value.
Thus 5.9% using the JDS method corresponds to 6.3%
using the NGSP method (9). Had we set a higher thresh-
old value of >6.1% (6.5% using the NGSP method)
based on the guidelines of the European Association
for the Study for Diabetes (12), medical intervention
would likely have been required before the endpoint of
the study. Thus, the case definition of IGT for this study
identified subjects at a relatively early stage that were
non-biased for medical intervention.

Previous work suggested that body weight gain is
a mediator between shift working and IGT risk (3).
However, the results of the present study revealed an
increased incidence rate of IGT even among shift work-
ers whose body mass remained normal during the fol-
low-up period, suggesting the likelihood of an additional
explanation for the IGT risk among shift workers. Sleep
disturbances have often been reported as a risk factor
for diabetes (13); furthermore, experimental restriction
of sleep to 5.5 hours reduced the glucose tolerance and
insulin sensitivity among 11 healthy volunteers (14).
As shift workers are also a high risk population for
developing sleep disorders (15), a pathway for IGT risk
mediated by sleep disturbances is certainly conceivable.

Recently, an experimental mouse study revealed the
presence of hyperglycemia and hypoinsulinemia among
mice carrying a mutant clock gene (16). Genetic expres-
sion of clock genes is known to be disturbed among
shift workers (17), suggesting that this may be a factor
contributing to the high risk incidence of IGT.

The corporate 3-shift work analyzed in this study was
of a counter-clockwise rotation type, which was previ-
ously shown in an intervention study of 45 healthy vol-
unteers to be associated with less sleep and induce higher
serum glucose levels compared to clockwise rotation
3-shift work (18). However, the present study revealed
a greater risk of developing IGT among 2- compared to
3-shift workers, which was consistent with another pre-
vious study (2) and the finding that 2-shift workers with
longer night shifts are associated with an elevated risk of
sleep problems than 3-shift workers (19).

The present study had a number of limitations. First,
information regarding lifestyle confounding factors is
relatively limited in its number and quality. There were
a lot of missing data for these variables but it is difficult
to confirm the situation because recording began >20
years ago. To take into account the effect of missing
values, missing values in lifestyle factors were treated
as additional categories in the multivariate analysis but
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the results did not significantly change. Also, we did not
collect information regarding previously reported risk
factors of IGT, including dietary habits or patterns, family
history of IGT and work stress, so we could not evalu-
ate the effect of these factors. Furthermore, information
regarding socioeconomic factors such as type of work or
educational level was not collected, and could thus not be
evaluated. It was regarded that age at first health check
up (ie, baseline) could be a surrogate indicator for educa-
tional level because most of the new employees were new
graduates in this company. Adjustment for the variable
by the Cox proportional hazard model did not alter the
result. Second, some selection bias was unavoidable as
we excluded those subjects whose work schedules were
rearranged during the course of the study. For example,
some subjects were moved from shift to daytime work
due to shift work-related health problems. We excluded
these subjects from the analysis, focusing instead on
the “healthy survivors”. However, despite this, the risk
might be underestimated so the bias would not change
the conclusion.

Some unique strengths of our study warrant mention.
First, the validity and reliability of exposure information
was high because long-term follow-up data regarding
work schedules were collected from industrial records.
IGT misclassification was also likely to be rare since
laboratory testing of blood samples was carried out at
annual health check-ups. Second, only subjects with a
permanent work schedule were included in the study,
removing a bias from the influence of rearranged work
schedules. Third, since all study subjects belonged to
the same company, the socioeconomic gap is likely to
have had relatively little effect on the results, compared
to studies conducted among several companies or in the
general population.

Concluding remarks

Both 2- and 3-rotating shift workers were associated
with a significantly elevated risk of developing IGT
compared to day workers. IGT risk level was also asso-
ciated with different shift schedules, with 2-shift work-
ers having a higher risk of developing IGT than 3-shift
workers. The risk was still observed among workers
whose BMI remained normal during the follow-up
period, suggesting that, rather than obesity, an alterna-
tive explanation such as sleep disturbances is associated
with IGT risk.
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