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Abstract
Objectives: The increasing number of working elderly people has enhanced the im-
portance of workplace health promotion activities. We investigated the association 
between the health status of workers approximately 60 years of age and the risk of 
all‐cause mortality after compulsory retirement in Japan.
Methods: The 2026 participants (1299 males and 727 females) had retired from a 
metal‐products factory at ≥60 years of age. Baseline health examinations were con-
ducted at 60 years of age and included questions about medical history and lifestyle 
factors; the participants also underwent a physical examination. The participants 
were followed up annually by mail for an average of 7.4 years. The association be-
tween health status at age 60 years and the risk of all‐cause mortality was assessed 
by Cox proportional hazards regression analysis.
Results: During the study, 71 deaths were reported. The age‐ and sex‐adjusted 
hazard ratio (HR [95% confidence interval]) for all‐cause mortality was higher for 
males (HR, 3.41 [1.73‐6.69]) compared with females, participants with a low body 
mass index (<18.5 kg/m2; HR 3.84 [1.91‐7.73]) compared with normal body weight, 
smokers (HR, 2.63 [1.51‐4.58]) compared with nonsmokers, and those with three or 
more of four metabolic abnormalities (obesity, high blood pressure, dyslipidemia, 
and glucose intolerance) (HR 2.29 [1.04‐5.02]) compared with no metabolic abnor-
malities. The associations were unaffected by adjustment for these factors.
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1 |  INTRODUCTION

In Japan the retirement age is 60 years, and 79% of compa-
nies comply with the uniform‐age retirement system.1 The 
proportions of elderly in the labor force in 2015 were 64% 
(early 60s) and ~43% (late 60s).2 Furthermore, approximately 
70% of people wish to continue working after 65  years of 
age.3 Employment of retiring older workers is needed by both 
employers and employees, and enterprises with compulsory 
retirement at <65 of age are required to provide continuous 
employment until age 65 years.

Because the prevalence of lifestyle‐related diseases in-
creases after middle age, healthcare for people around the 
age of retirement is important. In Japan, medical checkups 
and the health‐guidance system provided by health insur-
ers, and the Collabo‐Health healthcare system provided by 
employers in collaboration with health insurers, promote 
maintenance of the health of middle‐aged and elderly work-
ers. Furthermore, municipal healthcare providers regard 
healthcare for older people around the age of compulsory 
retirement as important, because following compulsory re-
tirement, elder retirees join the National Health Insurance 
system provided by municipalities. The demand for health-
care services for older people in communities in cooperation 
with the work site has increased.

Previous studies have indicated that the risk of mortality 
for healthy retirees is associated with the age of retirement,4-6 
social engagement,7,8 relative poverty,8 and subjective life 
expectancy.9 Changes in lifestyle after retirement may also 
affect mortality. Previous studies have indicated that physical 
activity,10-12 particularly leisure time physical activity,13,14 
increases after retirement. However, alcohol intake 11,14 and 
the prevalence of lifestyle diseases 12 remain unchanged after 
retirement, and the effect of retirement on smoking is con-
troversial.11,12,14-17 Retirement may also increase depressive 
symptoms.18

The transition to retirement can have a major influence 
on people's health behaviors, health, and quality of life, and 
could also be an opportunity to intervene with health‐promot-
ing activities. However, the types of lifestyle interventions 
that are effective in improving the longevity of older workers 

around the age of compulsory retirement are not fully estab-
lished. In this study, we evaluated the risk of early death after 
retirement among former employees of a factory in Japan 
who retire at approximately 60 years of age.

2 |  PARTICIPANTS AND 
METHODS

2.1 | Participants
The participants were retirees from a factory that produces 
zippers and aluminum sashes in Toyama Prefecture, Japan. 
In the factory, 46% of the employees were white‐collar work-
ers (administrators, managers, clerical workers, and profes-
sional workers) and 53% were blue‐collar workers (operation 
of machinery, processing or construction of aluminum prod-
ucts, and other manual work). Details of this study population 
have been reported previously.19-21 The retirement age at the 
factory is 60 years. Employees who went through mandatory 
retirement between 2003 and 2016 were enrolled. Baseline 
data from a health examination at approximately 60 years of 
age (58‐62 years) were obtained retrospectively. Among the 
2061 potential participants (1331 males and 730 females), 
35 (1.6%) were excluded because of death (n = 18), missing 
baseline health data (n = 14), or no response to the annual 
follow‐up survey (n = 3). Therefore, a total of 2026 individu-
als (1299 males and 727 females) were enrolled in this study.

2.2 | Baseline examination
The baseline health parameters of the participants before 
retirement at approximately 60 years of age (58‐62 years) 
were evaluated. The Industrial Safety and Health Law in 
Japan requires employers to carry out annual health ex-
aminations for all employees. The annual health examina-
tion is carried out by trained staff and includes a medical 
history, physical examination, anthropometric measure-
ments, and measurement of fasting plasma glucose (FPG), 
HbA1c, and serum lipid levels. Height was measured 
without shoes to the nearest 0.1 cm using a stadiometer. 
Weight was measured with participants wearing only light 

Conclusion: Maintenance of an appropriate body weight, smoking cessation, and 
elimination of metabolic syndrome are required for older workers to prevent early 
death after retirement.
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clothing and no shoes to the nearest 0.1 kg using a standard 
scale. Body mass index (BMI) was calculated as weight/
height2 (kg/m2). Blood pressure (BP) was measured using 
a mercury sphygmomanometer after the participant had 
rested for 5 minutes in a seated position. The FPG level 
was measured enzymatically using the Abbott Glucose 
UV Test (Abbott Laboratories). The HbA1c level was 
measured by high‐performance liquid chromatography 
using a fully automated analyzer (Kyoto Daiichi Kagaku). 
The total cholesterol and triglyceride levels were assessed 
by enzymatic assay, and the high‐density lipoprotein cho-
lesterol level was measured using a direct method. The 
low‐density lipoprotein cholesterol level was calculated 
using Friedewald's formula when the triglyceride level 
was <400 mg/dL.22

A questionnaire was used to evaluate the voluntary health‐
related behaviors of alcohol consumption, smoking, and ex-
ercise habits. A self‐administered questionnaire was used to 
collect information regarding the histories of hypertension, 
dyslipidemia, and diabetes. High BP, dyslipidemia, and a 
high FPG level were defined using the Japanese criteria for 
metabolic syndrome.23 High BP was defined as a systolic 
BP ≥130 mmHg, a diastolic BP ≥85 mmHg, or the use of 
antihypertensive medication. Dyslipidemia was defined as a 
serum triglyceride level ≥150 mg/dL, a high‐density lipopro-
tein cholesterol level <40 mg/dL, or the use of medication for 
dyslipidemia. A high FPG level was defined as an FPG level 
≥110 mg/dL, an HbA1c level ≥6.0%, or the use of antidia-
betic medication.

2.3 | Follow‐up survey
There is an organization for retirees from the factory who 
have completed at least 35 years of service; more than 90% 
of retirees are members. We obtained from the organiza-
tion annually a list of the members who had died during 
the previous year. Additionally, we mailed a question-
naire survey annually to those retirees who retired after 
1990. The questionnaire inquired about various measures 
of health status, such as cardiovascular disease and treat-
ment of lifestyle‐related diseases. We mailed the question-
naire beginning in 2003, when the number of recipients 
was 1204; this number had increased to 3394 in 2017. The 
mean response rate was 87.6% (range, 65.7‐91.9%). The 
death of the participant was confirmed by a response from 
a family member.

2.4 | Statistical analysis
To analyze all‐cause mortality, the standardized mortality 
ratio (SMR) was calculated after adjustment for age using 
the age distribution and death rate per decade of the general 
Japanese population during the observation period as the 

standard population. The associations between baseline char-
acteristics and all‐cause mortality were evaluated by Cox's 
proportional hazard model after adjustment for age and sex, 
after adjustment for variables significantly associated with 
all‐cause mortality in the age‐ and sex‐adjusted models, and 
after adjustment for alcohol drinking and exercise habits. As 
a sensitivity analysis, we evaluated the associations between 
baseline characteristics and all‐cause mortality among males 
and after exclusion of participants who died within 3 years 
of follow‐up.

3 |  RESULTS

The baseline characteristics of the participants are shown in 
Table 1. The mean (standard deviation, SD) age of the par-
ticipants at baseline was 59.7 (0.7) years for males and 59.4 
(0.8) years for females. During the follow‐up (total, 15 044 
person‐years; mean, 7.4 years; range, 1‐13 years), we docu-
mented 71 deaths (61 males and 10 females); 54 were re-
ported by retiree organizations and 17 by the participants’ 
families. The all‐cause mortality rate of the participants was 
4.0/1000 person‐years.

The standardized mortality ratio (95% confidence in-
terval) for all‐cause mortality of the participants was 0.60 
(0.54‐0.66) for males and 0.41 (0.36‐0.46) for females. These 
values are significantly lower than those of the general pop-
ulation of Japan.

We evaluated the association between health status 
before retirement and the risk of death after retirement 
(Table 2). The HR for all‐cause mortality after adjustment 
for age and sex was significantly higher for males, those 
with a BMI <18.5  kg/m2, and current smokers. Obesity, 
high BP, dyslipidemia, and glucose intolerance were not 
significantly associated with the risk of death. However, 
the number of complicated metabolic abnormalities was 
associated with the risk of death (HR 2.29 for three or 
more metabolic abnormalities compared with no meta-
bolic abnormality).

After adjustment for the variables significantly associated 
with all‐cause mortality, the BMI, smoking status, and num-
ber of complicated metabolic abnormalities were found to be 
independently associated with the risk of all‐cause mortality 
(Table 3, model 1). These associations were unaffected by 
adjustment for other lifestyle factors, for example, alcohol 
drinking and exercise habits (model 2).

The results of the sensitivity analysis are shown in 
Table 4. The results for males were similar to those of 
all participants. Evaluation of the factors associated 
with the risk of mortality among females was hampered 
by the small number of events. Because the participants 
who died soon after retirement might have suffered from 
a disease, such as cancer, which could have affected the 
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baseline examination, we excluded those participants 
followed up for <3  years. Among the 1819 participants 
followed up for >3 years, we documented 59 deaths (mor-
tality rate, 4.0/1000 person‐years). A low BMI, current 

smoking, and a large number of complicated metabolic 
abnormalities were associated with a significantly higher 
risk of mortality.

4 |  DISCUSSION

In this cohort study of retirees approximately 60 years of age, 
the age‐adjusted mortality rate was approximately 40% lower 
for males and 60% lower for females compared with those of 
the general population in Japan. Being underweight, smok-
ing, and having a large number of complicated metabolic ab-
normalities at approximately the age of retirement (60 years) 
were significantly associated with early death after retire-
ment. Therefore, workplace health education for employees 
approaching retirement age, to promote maintenance of an 
appropriate body weight, smoking cessation, and elimina-
tion of metabolic syndrome, could prevent early death after 
retirement.

The mortality rate of the participants was lower than 
that of the general population in Japan, possibly related in 
part to the healthy‐worker effect.24 That is, workers typ-
ically have a lower overall mortality rate than that of the 
general population because severely ill and chronically 
disabled individuals tend not to be employed. In addition, 
the study participants may be healthier than the general 
population because they continued working until retire-
ment age. Furthermore, the participants were employees 
of a relatively large company, who reportedly are healthier 
than those of small‐to‐medium‐sized enterprises25 due, for 
example, to a greater emphasis on health promotion activ-
ities. Indeed, beginning in 1980, the subject company con-
ducted disease prevention and health promotion activities 
in cooperation with occupational physicians and public‐
health nurses. These factors may explain the relatively low 
mortality rate of the participants.

The risk of early death after retirement was higher among 
males, participants with a low BMI, current smokers, and 
those with a large number of complicated metabolic abnor-
malities at approximately retirement age (60  years). These 
results are concordant with previous reports from Japan that 
a low BMI,26 smoking,27 the number of metabolic abnormali-
ties, and metabolic syndrome28,29 are associated with a higher 
risk of both all‐cause and cardiovascular‐related mortality. 
Healthcare for the working population is important to obtain 
good health so that they can continue to work at a greater age. 
Similarly, the results of this study indicated that healthcare 
for workers is important to extend a healthy life expectancy 
after retirement.

In addition to obesity and metabolic syndrome, a lower 
BMI is an important problem in older people. Obesity and 
metabolic syndrome are associated with cardiovascular 
disease,23 which is an important cause of death. Stroke is 

T A B L E  1  Baseline characteristics of the study participants

  Total Males Females

N 2026 1299 727

Age (y) 59.6 ± 0.8 59.7 ± 0.7 59.4 ± 0.8

Body mass index 
(kg/m2)

23.1 ± 3.1 23.3 ± 2.9 22.8 ± 3.4

Systolic blood 
pressure 
(mmHg)

126.6 ± 18.7 127.5 ± 17.8 125.0 ± 20.1

Diastolic blood 
pressure 
(mmHg)

78.9 ± 11.7 80.5 ± 11.1 75.9 ± 12.0

Triglycerides 
(mg/dL)

95 (67‐136) 102 (71‐150) 83 (62‐112)

HDL‐cholesterol 
(mg/dL)

60.8 ± 15.3 58.4 ± 15.3 65.1 ± 14.5

LDL‐cholesterol 
(mg/dL)

130.1 ± 13.2 124.0 ± 29.7 141.0 ± 30.9

Fasting plasma 
glucose  
(mg/dL)

102.7 ± 21.6 105.8 ± 24.2 97.3 ± 14.5

HbA1c (NGSP, 
%)

5.7 ± 0.8 5.8 ± 0.9 5.7 ± 0.6

Medical treatment (%)

Hypertension 15.5 17.0 12.8

Dyslipidemia 5.2 5.0 5.6

Diabetes 
mellitus

3.2 4.0 1.8

Number of complicated metabolic abnormalities

0 27.4 21.3 38.4

1 35.2 35.3 35.1

2 23.3 26.2 17.9

3 or 4 14.1 17.2 8.6

Smoking status (%)

Nonsmoker 56.3 32.9 98.1

Ex‐smoker 18.5 28.5 0.7

Current 
smoker

25.2 38.6 1.2

Habitual alcohol drinking (%)

No 54.3 37.7 83.9

Yes 45.7 62.3 16.1

Habitual exercise (%)

No 71.7 67.5 79.2

Yes 28.3 32.5 20.8

Note: Data are n, means ± standard deviations, or medians (interquartile range).
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another important cause of disability.30,31 Lower BMI is 
associated with undernutrition, lower muscle mass, sarco-
penia, and frailty, which are risks for disability.32 Our study 

showed that metabolic syndrome and a lower BMI around 
the age of 60  years are associated with early death after 
retirement. Exercise instruction and nutritional support for 

T A B L E  2  Age‐ and sex‐adjusted hazard ratios (95% confidence interval) for all‐cause mortality among the study participants

  N
Number of 
mortalities PY

Mortality rate 
(/1000 PY) Adjusted HR (95% CI)

Sex

Male 1299 61 9773 6.2 3.41 (1.73‐6.69)

Female 727 10 5271 1.9 1.00 (Reference)

Body mass index (kg/m2)

<18.5 105 10 750 13.3 3.84 (1.91‐7.73)

18.5‐24.9 1437 42 10 739 3.9 1.00 (Reference)

≥25.0 484 19 3555 5.3 1.33 (0.77‐2.28)

Blood pressure (mmHg)

SBP <130, DBP <85 876 24 6379 3.8 1.00 (Reference)

SBP 130‐139, DBP 80‐85 435 14 3314 4.2 0.95 (0.49‐1.85)

SBP ≥140, DBP ≥85, or medical 
treatment

715 33 5351 6.2 1.37 (0.81‐2.33)

Dyslipidemia (high triglycerides and/or low HDL‐cholesterol)

No 1524 48 11 406 4.2 1.00 (Reference)

Yes 502 23 3638 6.3 1.33 (0.81‐2.20)

LDL‐cholesterol (mg/dL)

<140 1227 48 9118 5.3 1.00 (Reference)

140‐159 373 14 2792 5.0 1.11 (0.61‐2.02)

≥160 and/or medical treatment 426 9 3134 2.9 0.68 (0.33‐1.40)

FPG (mg/dL)/ HbA1c (%)

FPG <110, HbA1c <6.5 1568 46 11 760 3.9 1.00 (Reference)

FPG 110‐125, HbA1c <6.5 219 12 1567 7.7 1.80 (0.95‐3.41)

FPG ≥126, HbA1c ≥6.5, or medical 
treatment

239 13 1717 7.6 1.77 (0.95‐3.28)

Number of complicated metabolic abnormalitiesa

0 556 11 4081 2.7 1.00 (Reference)

1 713 25 5390 4.6 1.53 (0.75‐3.12)

2 471 20 3594 5.6 1.65 (0.79‐3.47)

3 or 4 286 15 1979 7.6 2.29 (1.04‐5.02)

Smoking status

Nonsmoker 1141 25 8582 2.9 1.00 (Reference)

Ex‐smoker 375 9 2732 3.3 0.90 (0.44‐1.82)

Current smoker 510 37 3730 9.9 2.63 (1.51‐4.58)

Habitual alcohol drinking

No 1100 29 7809 3.7 1.00 (Reference)

Yes 926 42 7235 5.8 0.96 (0.57‐1.59)

Habitual exercise

No 1453 44 10 268 4.3 1.00 (Reference)

Yes 573 27 4776 5.7 1.08 (0.66‐1.76)

Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HR, hazard ratio; PY, person‐years; SBP, systolic blood pressure.
aObesity, high BP, dyslipidemia, or high FPG. Metabolic abnormalities were defined using the definition of metabolic syndrome for the Japanese population. 
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workers to maintain ideal body weight are needed to pre-
vent disability at a later age and to extend life expectancy.

Retirement is an important turning point in life and is 
associated with marked changes in lifestyle. Previous stud-
ies have indicated that overall physical activity10-12 and 
leisure time physical activity13,14 increase after retirement. 
However, alcohol intake11,14 and the prevalence of lifestyle 
diseases12 remain unchanged after retirement. The effect 
of retirement on smoking is controversial. Previous studies 
have indicated that retirement is associated with a higher 
risk of increased smoking, particularly for the involuntarily 
retired15; retirement accelerates smoking cessation14,17; re-
tirement reduces smoking rates for women but not men11,16; 
and that smoking rates are unchanged after retirement.12 
Our results indicate that smoking is an important risk fac-
tor for early death after retirement. Retirement is a major 
life‐course transition; however, previous studies have in-
dicated that smoking status in retirement does not always 
change favorably, so more intensive health education pro-
grams for smokers around the age of retirement are needed.

Japan has a declining birth rate and an aging popu-
lation. The resulting reduction in the working‐age pop-
ulation will provide the elderly with opportunities for 
employment. The number of elderly individuals with 
chronic illnesses and disabilities will increase in the 

future, emphasizing the importance of health promo-
tion and disease prevention activities for elderly workers 
for both employers and providers of employment‐based 
health insurance. The Collabo‐Health healthcare system 
provided by employers in collaboration with health insur-
ers promotes maintenance of the health of middle‐aged 
and elderly workers. Additionally, because healthcare 
services for older people after retirement are provided 
by local municipalities, regional and occupational co-
operation is important to provide continuous healthcare 
services for older workers around the age of retirement.

The strength of this occupational cohort study is that the 
participants were followed up after retirement. In general, 
evaluation of mortality and the incidence of cardiovascular 
diseases after retirement is problematic. We obtained infor-
mation on mortality and changes of address from the retiree 
organization and by conducting an annual mail survey, which 
had a response rate of 86.7%. This study also has several lim-
itations. First, we did not evaluate the risk of cause‐specific 
mortality because we lacked data on the causes of death. 
Second, 13.3% of the participants did not respond to the 
annual mail survey, which was the only means of obtaining 
mortality data from non‐members of the retiree organization. 
Participants who did not respond to the annual mail survey 
were censored, which may have resulted in underestimation 
of the mortality rate. Third, the number of deaths observed 
in this study was relatively small, which reduced the statis-
tical power of the analysis. For example, the mortality rates 
for the highest categories (blood pressure, dyslipidemia, and 
FPG/HbA1c) were relatively high, although no significant 
differences were observed (Table 2). However, the number of 
complicated metabolic abnormalities was significantly asso-
ciated with mortality (Table 3), and the results indicated that 
control of metabolic abnormalities and their accumulation is 
important to prevent early death after retirement, although 
no metabolic abnormality was significantly associated with 
mortality. Fourth, we did not have data on socioeconomic 
factors or changes in lifestyle after retirement. Some socio-
economic factors, such as poverty and social engagement, 
have been reported to be associated with mortality in older 
people.7,8 Changes in lifestyle after retirement may also affect 
mortality. However, our results will be helpful to select high‐
risk workers around the age of retirement for intervention to 
prevent early death.

In conclusion, a low BMI, smoking, and a large num-
ber of complicated metabolic abnormalities around the age 
of retirement significantly increased the risk of death after 
retirement. Retirement is an important turning point in life 
and a good chance to change lifestyle. To prevent early 
death after retirement, maintenance of an appropriate body 
weight, smoking cessation, and elimination of metabolic 
syndrome are required for workers around the age of retire-
ment. Additionally, regional and occupational cooperation 

T A B L E  3  Multivariate‐adjusted hazard ratios (95% confidence 
interval) for all‐cause mortality among the study participants

 
Model 1
HR (95% CI)

Model 2
HR (95% CI)

Sex

Male 2.19 (0.98‐4.90) 2.35 (1.01‐5.47)

Female 1.00 (Reference) 1.00 (Reference)

Body mass index (kg/m2)

<18.5 3.60 (1.78‐7.25) 3.72 (1.83‐7.54)

18.5‐24.9 1.00 (Reference) 1.00 (Reference)

Smoking status

Nonsmoker 1.00 (Reference) 1.00 (Reference)

Ex‐smoker 0.80 (0.35‐1.83) 0.83 (0.36‐1.88)

Current 
smoker

2.15 (1.18‐3.93) 2.23 (1.22‐4.09)

Number of complicated metabolic abnormalitiesa

0 1.00 (Reference) 1.00 (Reference)

1 1.76 (0.86‐3.62) 1.76 (0.86‐3.62)

2 2.07 (0.97‐4.40) 2.09 (0.98‐4.44)

3 or 4 2.64 (1.19‐5.88) 2.67 (1.20‐5.96)

Abbreviations: CI, confidence interval; HR, hazard ratio.
Model 1: adjusted for all variables in the table; model 2: adjusted for the vari-
ables in model 1 as well as habitual alcohol drinking and habitual exercise.
aObesity, high blood pressure, dyslipidemia, or high fasting plasma glucose. 
Metabolic abnormalities were defined using the definition of metabolic syn-
drome for the Japanese population. 
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are needed for continuous health education activities in 
older workers and retirees.
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T A B L E  4  Hazard ratios (95% confidence interval) for all‐cause mortality in the sensitivity analysis

  N
Number of 
mortalities PY

Mortality rate  
(/1000 PY)

Adjusted HRa 
(95% CI)  

A) Males

Body mass index (kg/m2)

<18.5 52 9 391 23.0 4.36 (2.06‐9.26)

18.5‐24.9 918 35 6976 5.0 1.00 (Reference)

≥25.0 329 17 2406 7.1 ‐  

Smoking status

Nonsmoker 428 15 3412 4.4 1.00 (Reference)

Ex‐smoker 370 9 2695 3.3 0.83 (0.36‐1.91)

Current smoker 501 37 3666 10.1 2.27 (1.23‐4.22)

Number of complicated metabolic abnormalitiesb

0 277 6 2097 2.9 1.00 (Reference)

1 458 22 3481 6.3 2.60 (1.04‐6.46)

2 341 20 2642 7.6 3.40 (1.35‐8.56)

3 or 4 223 13 1553 8.4 3.62 (1.36‐9.67)

B) Excluding participants who died within 3 years of follow‐up

Sex

Male 1186 51 9546 5.3 2.14 (0.83‐5.53)

Female 633 8 5077 1.6 1.00 (Reference)

Body mass index (kg/m2)

<18.5 93 9 725 12.4 4.16 (1.95‐8.87)

18.5‐24.9 1297 33 10 456 3.2 1.00 (Reference)

≥25.0 429 17 3443 4.9 ‐  

Smoking status

Nonsmoker 1013 20 8323 2.4 1.00 (Reference)

Ex‐smoker 342 6 2664 2.3 0.73 (0.27‐1.93)

Current smoker 464 33 3638 9.1 2.48 (1.27‐4.84)

Number of complicated metabolic abnormalitiesb

0 499 6 3965 1.5 1.00 (Reference)

1 648 22 5263 4.2 2.97 (1.19‐7.42)

2 420 16 3488 4.6 3.18 (1.22‐8.26)

3 or 4 252 15 1908 7.9 5.15 (1.95‐13.6)
aAdjusted for the variables in model 2 (Table 3). 
bObesity, high blood pressure, dyslipidemia, or high fasting plasma glucose. Metabolic abnormalities were defined using the definition of metabolic syndrome for the 
Japanese population. 
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(No. 2772) reviewed and approved the aims and procedures 
of this study. The Occupational Safety and Health Committee 
of the subject company, which comprises representatives of 
the employees, approved the study design. Informed consent: 
Written informed consent was not obtained from the partici-
pants. In the cover letter of the questionnaire, participants 
were informed of the study design and of their right to re-
fuse to participate. Hence, participants who responded to the 
questionnaire were considered to have consented. Registry 
and the registration no. of the study/trial: N/A. Animal stud-
ies: N/A. Conflict of interest: Authors declare no conflicts of 
interest.
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