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Abstract
Objectives: We aimed to compare the association of body mass index (BMI), waist 
circumference (WC), and waist‐to‐height ratio (WHtR) with risk of cardiovascular 
disease (CVD) among middle‐aged working Japanese men.
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1 |  INTRODUCTION

Cardiovascular disease (CVD) is a major cause of death 
worldwide.1 Obesity is a strong predictor of CVD risk.2 To 
assess risk for CVD, a variety of anthropometric indices 
have been used as a proxy for general obesity (ie, body mass 
index [BMI]) or abdominal obesity (ie, waist circumference 
[WC] and waist‐to‐height ratio [WHtR]).2 There is contro-
versy, however, as to whether these measures of obesity are 
similarly related to CVD risk. A systematic review of 22 
prospective studies showed that WHtR and WC were sig-
nificant predictors of cardio‐metabolic outcomes more often 
than BMI.3 In contrast, a meta‐analysis using individual re-
cords from 58 prospective studies indicated that there was no 
significant difference in the strength of the association with 
CVD risk between BMI and abdominal obesity measures 
(WC and waist‐to‐hip ratio).4 These reviews included few 
studies in the Japanese population, which is characterized by 
a low prevalence of obesity.

In Japan, risk of CVD has been linked to either general obe-
sity (BMI)5-7 or abdominal obesity (WC and WHtR).8 Only 
one cohort study among the general population compared the 
association of BMI and WC with CVD risk, suggesting that 
abdominal obesity is a better predictor for CVD than general 
obesity in women.8 However, no obesity measure was appre-
ciably associated with CVD risk in men.8 Given that CVD 
remains the leading cause of deaths in Japan,9 clarifying the 
impact of obesity on CVD in Japanese is important.

Previous studies on the strength of associations between 
general obesity, abdominal obesity, and CVD are mainly based 
on cohort studies with a median follow‐up of ≥10 years.3,4,8 
The long length of follow‐up can avoid reverse causality bias 

and link obesity to the initiation and development of CVD. 
On the other hand, it can introduce bias due to loss to fol-
low‐up and cannot account for the change of obesity status 
over the long follow‐up period. More importantly, it cannot 
answer the association between obesity and the development 
of a clinical CVD from a latent precursor (a few years prior to 
the onset of CVD). To the best of our knowledge, no previous 
study has compared the risk of CVD associated with general 
obesity and abdominal obesity assessed a few years before 
the onset of CVD.

Thus, using a nested case‐control study design which can 
be used to investigate the risk of diseases associated with ex-
posures assessed at a particular time point, we compared the 
association of CVD with BMI, WC, and WHtR collected at 
4 years (data collected between 1 year and 3 years were not 
used for minimizing reverse causality bias) before the CVD 
event among middle‐aged working Japanese men.

2 |  METHODS

2.1 | Study design
This is a case‐control study nested in the Japan Epidemiology 
Collaboration on Occupational Health (J‐ECOH) Study, an 
ongoing multi‐company study of workers in Japan. Details 
on the J‐ECOH Study and the CVD registration has been de-
scribed elsewhere.10,11 As the present study aimed to exam-
ine whether BMI, WC, and WHtR collected at 4 years before 
the CVD event were similarly associated with the develop-
ment of CVD, we retrieved obesity data and other annual 
health checkup data collected from more than 100 000 work-
ers between January 2008 and December 2013 or between 
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Methods: A nested case‐control study was performed among middle‐aged male em-
ployees who underwent periodic health checkup. A total of 241 CVD cases were iden-
tified and matched individually on age, gender, and worksite with 1205 controls. Data 
on BMI, WC, WHtR, smoking, hypertension, diabetes, and dyslipidemia collected at 
4 years before the event/index date were retrieved. Associations between BMI, WC, 
WHtR, and CVD risk were assessed by using conditional logistic regression models.
Results: The strength of the association of BMI, WC, and WHtR with CVD risk was 
similar. The smoking‐adjusted odds ratio (95% confidence interval) for CVD was 1.60 
(1.38‐1.85), 1.53 (1.33‐1.78), and 1.56 (1.35‐1.81) for a 1 SD unit increase in BMI, 
WC, and WHtR respectively. After further adjustment for hypertension, diabetes, and 
dyslipidemia, these associations were attenuated but remained statistically significant.
Conclusions: Measures of general (BMI) and abdominal (WC and WHtR) obesity 
were similarly associated with CVD in middle‐aged Japanese men.
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April 2008 and March 2014 in 11 participating companies 
(12 worksites) and their CVD data collected between April 
2012 and March 2018. The study protocol, including the con-
sent procedure, was approved by the Ethics Committee of 
the National Center for Global Health and Medicine, Japan 
(NCGM‐G‐001140‐15).

2.2 | Ascertainment of CVD cases and 
control selection
Incident CVD cases, including fatal and non‐fatal myocardial 
infarction (MI) and stroke, were identified through a CVD 
registry. Within the J‐ECOH Study, the CVD registry was set 
up in participating companies in April 2012 to collect data 
on CVD events. For most nonfatal cases, the occupational 
physician confirmed the diagnosis of each CVD event on the 
basis of medical certificates written by a treating physician 
and submitted to the company by the worker. Because the 
submission of a medical certificate is required when taking a 
long‐term sick leave, this registry primarily covers relatively 
severe cases. For fatal cases, occupational physicians judged 
the cause of death based on available information, including 
death certificates and information obtained from the bereaved 
family or colleagues. Each case was coded according to the 
10th revision of the International Classification of Diseases 
(ICD). Event date was defined as the date of CVD diagnosis 
recorded in the registry.

From April 2012 to March 2018, 249 males and 20 fe-
males with incident CVD were registered. Emerging evi-
dence suggests that sex hormones and sex‐specific patterns 
of adiposity and fat distribution can lead to sex differences 
in the association between obesity and CVD.12 In the pres-
ent study, the number of female CVD cases was too small 
(n  =  20) to analyses the association between obesity and 
CVD among women. Thus, we excluded women from the 
current analyses. Among these 249 male cases, we excluded 
eight patients without matched controls. Finally, 241 CVD 
cases (51 fatal cases), including 81 with MI (ICD‐10: I21), 
and 160 with stroke (ICD‐10: I60, I61, and I63), remained in 
the present study.

Controls were selected from study participants who did 
not self‐report stroke or MI at J‐ECOH Study entry and did 
not develop CVD during the follow‐up period. Those who 
self‐reported a history of CVD at annual health checkups 
during the study period were also excluded. For each case, 
we created a pool of controls who were matched by worksite, 
gender, and date of birth (±2  years). We then allocated 
an index date, which was the same as the event date of its 
matched case. We excluded people who did not attend health 
checkup at 4 years before the index date. Finally, for a given 
case, we randomly selected up to five controls from the pool 
of eligible controls. Once a control was sampled, we did not 
allow the control to be again chosen as the control of other 

cases. A total of 1,205 matched controls were included in the 
present study.

2.3 | Exposure
Measurements of body height, body weight, and waist cir-
cumference obtained 4  years prior to the event/index date 
were used for both cases and controls. The body height and 
weight were measured using a scale while the participant 
wore light clothes and no shoes. BMI was calculated as the 
weight in kilograms divided by the squared height in meters. 
WC was measured at the umbilical level in the standing posi-
tion. WHtR was calculated as WC (cm) divided by height 
(cm).

2.4 | Covariates
The covariates included smoking, hypertension, diabetes, 
and dyslipidemia. We retrieved data collected at 4 years be-
fore the event/index date. Data collection methods have been 
described in detail in previous papers.10,11,13 Smoking status 
was divided in to the following five groups: never smokers, 
past smokers, current low‐intensity smokers (1‐10 cigarettes/
day), medium‐intensity smokers (11‐20 cigarettes/day), or 
high‐intensity smokers (≥21 cigarettes/day). Hypertension 
was defined as systolic blood pressure of at least 140 mmHg, 
diastolic blood pressure of at least 90 mmHg, or use of treat-
ment for hypertension.14 Diabetes was defined as a fasting 
plasma glucose level of at least 126  mg/dL, or a random 
plasma glucose level of at least 200  mg/dL, an HbA1c 
level of at least 6.5%, or medical treatment of diabetes.15 
Dyslipidemia was defined as an low‐density lipoprotein‐cho-
lesterol level of at least 140 mg/dL, high‐density lipoprotein‐
cholesterol level of less than 40 mg/dL, triglyceride level of 
at least 150 mg/dL, or use of medications for dyslipidemia.16

2.5 | Statistical analysis
In the present study, about 20% of study participants had one 
or more missing values. To improve efficiency and reduce 
bias, we handled missing data with multiple imputation using 
matching variables and full‐conditional specification.17 Fifty 
imputed data sets were produced, and analyses were com-
bined using Rubin's rules.

The characteristics of the study participants were ex-
pressed as means (standard deviation) for continuous vari-
ables and as percentages for categorical variables. To examine 
differences in characteristics between cases and controls, we 
performed conditional logistic regression for categorical vari-
ables. For continuous variables, paired t‐test was performed. 
There were five controls for each case. We first calculated the 
mean of matched controls, and then compared it with their 
case using paired t test.



4 of 8 |   XIANG et Al.

Conditional logistic regression was used to estimate 
odds ratio (OR) and 95% confidence interval (CI) for the 
development of CVD associated with a one standard devia-
tion (SD) unit change in BMI, WC, and WHtR respectively. 
We adjusted for smoking status in model 1. In model 2, we 
further adjusted for hypertension (yes or no), diabetes (yes 
or no), and dyslipidemia (yes or no). In addition, ORs were 
estimated at tertiles of BMI, WC, and WHtR respectively. 
BMI, WC, and WHtR were categorized into tertiles among 
controls, separately. The lowest tertile was used as the ref-
erence group. Trend association was assessed with ordinal 
scores 0‐2 assigned to the three groups of BMI, WC and 
WHtR.

We also performed a sensitivity analysis using individ-
uals with complete data. A two‐sided P  <  .05 was con-
sidered statistically significant. Multiple imputation was 
performed in StataMP 15 (StataCorp). All other statisti-
cal analyses were performed using SAS version 9.4 (SAS 
Institute).

3 |  RESULTS

The characteristics of cases and controls at 4 years prior to 
the CVD event/index date are summarized in Table 1. The 
mean (standard deviation) age of cases was 50.5 (6.2) years, 
and 80% of the individuals were ages less than 60 years. The 
mean values of BMI, WC, and WHtR were higher among 
cases than those among controls. Cases had higher preva-
lence of hypertension, diabetes, and dyslipidemia as well as 
smoking than controls.

As shown in Table 2, BMI, WC, and WHtR demon-
strated generally similar strength of association with CVD 
risk. In model 1, the ORs (95% CIs) for CVD were 1.60 
(1.38‐1.85), 1.53 (1.33‐1.78), 1.56 (1.35‐1.81) for 1 SD in-
crease in BMI, WC, and WHtR respectively. After addition-
ally adjusting for hypertension, diabetes, and dyslipidemia 
(model 2), these associations were attenuated but remained 
statistically significant. The ORs (95% CIs) for CVD in the 
highest versus lowest tertile of BMI, WC, and WHtR were 
2.94 (1.99‐4.33), 2.61 (1.75‐3.89), and 2.61 (1.76‐3.87) re-
spectively (model 1). Similar findings were observed in the 
sensitivity analysis using complete data (Table S1).

In Table 3, the three obesity measures (BMI, WC, and 
WHtR) were similarly and positively associated with all 
CVD subtypes. The ORs (95% CIs) for MI were 1.70 
(1.34‐2.17), 1.73 (1.35‐2.23), 1.75 (1.35‐2.27) for 1 SD 
increase in BMI, WC, and WHtR respectively. For stroke, 
the corresponding ORs (95% CIs) were 1.54 (1.28‐1.85) 
for BMI, 1.44 (1.20‐1.73) for WC, 1.47 (1.23‐1.77) for 
WHtR. These associations were attenuated after additional 
adjustment for hypertension, diabetes, and dyslipidemia 
(model 2).

4 |  DISCUSSION

In this nested case‐control study among middle‐aged 
Japanese working men, we found that both general (BMI) 
and abdominal (WC and WHtR) obesity showed a sig-
nificant and positive association with CVD, and that they 
demonstrated generally similar strength of association with 
CVD.

T A B L E  1  Characteristics of cases and controls at 4 years before 
the date of CVD event, J‐ECOH Study, Japana

  Cases Controls P‐value* 

N 241 1,205  

Age (y) 50.5 (7.2) 50.4 (7.3) <.001

Smoking status, %

Never smokers 26.3 35.3 <.001

Past smokers 15.6 27.9

Current low‐intensity 
smokersb

8.4 6.9

Medium‐intensity 
smokersb

33.0 21.5

High‐intensity smokersb 16.8 8.5

BMI (kg/m2) 25.3 (3.8) 23.7 (3.1) <.001

WC (cm) 87.9 (9.5) 84.0 (8.4) <.001

WHtR 0.52 (0.05) 0.49 (0.05) <.001

Hypertension, % 48.8 26.6 <.001

Hypertension treatmentc, 
%

52.5 59.6 <.001

Diabetes, % 27.1 10.9 <.001

Diabetes treatmentd, % 51.9 57.7 <.001

Dyslipidemia, % 68.5 60.2 <.001

Lipid‐lowering treatmente, 
%

11.2 14.6 .84

Note: Data were expressed as mean (standard deviation) or as percentages.
Abbreviations: BMI, body mass index; BP, blood pressure; CVD, cardiovas-
cular disease; FPG, fasting plasma glucose; HbA1c, Glycated hemoglobin; 
HDL‐C, high‐density lipoprotein‐cholesterol levels; J‐ECOH Study, the Japan 
Epidemiology Collaboration on Occupational Health Study; LDL‐C, low‐den-
sity lipoprotein‐cholesterol; TG, Triglyceride; WC, waist circumference; WHtR, 
waist‐to‐height ratio.
aDataset without multiple imputation was used for Table 1. 
bCurrent low‐intensity smokers, 1‐10 cigarettes/d; medium‐intensity smokers, 
11‐20 cigarettes/d; high‐intensity smokers, ≥21 cigarettes/d. 
cThe denominator is the total number of people with hypertension (systolic 
BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, or current medical care for 
hypertension). 
dThe denominator is the total number of people with diabetes ( FPG ≥ 126 mg/
dL, random plasma glucose ≥ 200 mg/dL, HbA1c ≥ 6.5%, or current medical 
care for diabetes). 
eThe denominator is the total number of people with dyslipidemia 
(LDL‐C ≥ 140 mg/dL, HDL‐C < 40 mg/dL, TG ≥ 150 mg/dL, or use of medi-
cations for dyslipidemia). 
*Paired t test for continuous variables and conditional logistic regression for 
categorical variables. 
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Our finding is in line with that of a meta‐analysis mainly 
based on cohort studies,4 suggesting that general obesity and 
abdominal obesity show similar associations with CVD. The 
current finding is also compatible with that of our previous 
report showing that BMI, WC, and WHtR showed similar as-
sociations with the clustering of cardio‐metabolic risk factors 
in the cross‐sectional analysis of the J‐ECOH Study data.10 
In contrast, Browning et al3 reviewed 22 prospective studies 
on cardiometabolic outcomes and concluded that WHtR and 
WC are more strongly associated with CVD than BMI. That 
systematic review, however, included only seven publications 
with CVD as an outcome and did not perform a meta‐analysis. 
Our study and previous meta‐analysis4 provided evidence that 
the strength of association for each measure (WC, WHtR, and 
BMI) was similar, suggesting that general and abdominal obe-
sity can be equally used in the assessment of the risk of CVD.

In the analysis by CVD subtypes, we found that the 
three obesity measures (BMI, WC and WHtR) were equally 
strongly associated with stroke and MI. The strength of 
the association with stroke observed in the present study 
is similar to that in the above‐mentioned meta‐analysis.4 
Specifically, in age group of 40‐59 years in the meta‐anal-
ysis, the age‐, gender‐, and smoking‐adjusted ORs (95% 
CIs) of stroke for 1 SD increase in BMI and WC were 1.34 
(1.21‐1.48) and 1.45 (1.30‐1.60) respectively. In the pres-
ent study (mean age, 54  years), the corresponding ORs 
(95% CIs) were 1.54 (1.28‐1.85) and 1.44 (1.20‐1.73) 
(Table 3, Model 1). With regard to MI, we observed a 
somewhat stronger association (BMI, OR  =  1.70, 95% 
CI, 1.34‐2.17; WC, OR = 1.73, 95% CI, 1.35‐2.23), com-
pared to that for coronary heart disease (BMI, OR = 1.41, 

95% CI, 1.30‐1.53; WC, OR  =  1.50, 95% CI, 1.37‐1.63) 
in the above‐mentioned meta‐analysis. This may be due to 
the difference in study design, outcome (MI vs coronary 
heart disease), or to chance, given the fewer MI events in 
our study. The findings based on stratified analyses in our 
study and previous meta‐analysis4 provide further evidence 
that general obesity and abdominal obesity are similarly 
associated with CVD regardless of its subtypes.

The mechanisms underlying the association between obe-
sity and CVD remain incompletely understood. Hypertension, 
diabetes, and dyslipidemia are established conditions linking 
obesity to CVD.18,19 Yet, we found that after adjustment for 
these risk factors, the associations of BMI, WC and WHtR 
with CVD risk still remained statistically significant, a find-
ing consistent with previous reports.20,21 These results may 
suggest a pathway other than those through traditional CVD 
risk factors, such as obesity‐induced prothrombotic state and 
inflammation, which may additionally contribute to the de-
velopment of CVD.18,19

Strengths of the current study include its prospective 
design as a nested case‐control study within a well‐defined 
cohort; objective measures of obesity based on measured 
height, weight, and WC; and assessment of confounding 
(smoking) and mediating (hypertension, diabetes, and dys-
lipidemia) variables at 4 years prior to the CVD event for 
cases and the index date for controls. There are several 
limitations that warrant mention. First, due to the lack of 
data on socioeconomic status, family history of CVD, and 
lifestyles other than smoking (eg, alcohol drinking, diet, 
physical activity), we were unable to control for potential 
effects of these factors. Further, residual confounding may 

T A B L E  2  Associations among BMI, WC, and WHtR and the risk of CVD, J‐ECOH Study, Japan

 

OR (95% CI)

P for trend
OR (95% CI) per SD 
increment P1st tertile 2nd tertile 3rd tertile

BMI (kg/m2) <22.2 22.2 to <24.5 ≥24.5      

Model 1 1.00 1.43 (0.93–2.18) 2.94 (1.99–4.33) <.001 1.60 (1.38–1.85) <.001

Model 2 1.00 1.06 (0.67–1.65) 1.75 (1.14–2.68) .01 1.29 (1.10–1.52) .002

WC (cm) <80 80 to <86.5 ≥86.5      

Model 1 1.00 1.03 (0.66–1.62) 2.61 (1.75–3.89) <.001 1.53 (1.33–1.78) <.001

Model 2 1.00 0.70 (0.44–1.13) 1.46 (0.94–2.26) .09 1.24 (1.05–1.46) .01

WHtR <0.47 0.47 to <0.51 ≥0.51      

Model 1 1.00 1.12 (0.73–1.73) 2.61 (1.76–3.87) <.001 1.56 (1.35–1.81) <.001

Model 2 1.00 0.77 (0.48–1.22) 1.41 (0.91–2.18) .10 1.25 (1.05–1.48) .01

Notes: Model 1 adjusted for smoking status (never smokers, past smokers, current low‐intensity smokers (1‐10 cigarettes/d), medium‐intensity smokers (11‐20 
cigarettes/d), or high‐intensity smokers (≥21 cigarettes/d))
Model 2 additionally adjusted for hypertension (systolic BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, or current medical care for hypertension), diabe-
tes (FPG ≥ 126 mg/dL, random plasma glucose ≥ 200 mg/dL, HbA1c ≥ 6.5%, or current medical care for diabetes), dyslipidemia (LDL‐C ≥ 140 mg/dL, 
HDL‐C < 40 mg/dL, TG ≥ 150 mg/dL, or use of medications for dyslipidemia).
Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; CVD, cardiovascular disease; FPG, fasting plasma glucose; HbA1c, Glycated hemo-
globin; HDL‐C, high‐density lipoprotein‐cholesterol levels; J‐ECOH Study, the Japan Epidemiology Collaboration on Occupational Health Study; LDL‐C, low‐density 
lipoprotein‐cholesterol; MI, myocardial infarction; OR, odds ratio; SD, standard deviation; TG, Triglyceride; WC, waist circumference; WHtR, waist‐to‐height ratio.
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also exist due to the incomplete assessment of covariates 
such as smoking (the lack of data on smoking duration). 
Second, the number of CVD cases for each subtype was 
not sufficiently large to detect a modest association with 
statistical significance. Third, the small number of female 
CVD cases (n = 20) precludes us to compare the strength 
of association for general obesity and abdominal obesity in 
women. In addition, our study is a Japanese occupational 
cohort. Thus, our findings may not be generalizable to fe-
male workers, the general population, or other racial/ethnic 
groups.

5 |  CONCLUSIONS

General (BMI) and abdominal (WC and WHtR) obesity dem-
onstrated generally similar strength of association with CVD 
and its subtypes among middle‐aged Japanese men.
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T A B L E  3  Associations among BMI, WC, and WHtR and the risk of MI and Stroke, J‐ECOH Study, Japan

 

OR (95% CI)

P for trend
OR (95% CI) per SD 
increment P1st tertile 2nd tertile 3rd tertile

MI

BMI (kg/m2) <22.2 22.2 to <24.5 ≥24.5      

Model 1 1.00 2.16 (1.00–4.66) 3.58 (1.75–7.33) <.001 1.70 (1.34–2.17) <.001

Model 2 1.00 1.36 (0.59–3.15) 1.92 (0.87–4.28) .09 1.33 (1.01–1.76) .04

WC (cm) <80 80 to <86.5 ≥86.5      

Model 1 1.00 2.27 (0.93–5.54) 5.43 (2.29–12.9) <.001 1.73 (1.35–2.23) <.001

Model 2 1.00 1.53 (0.60–3.90) 2.69 (1.05–6.89) .02 1.37 (1.02–1.82) .04

WHtR <0.47 0.47 to <0.51 ≥0.51      

Model 1 1.00 1.71 (0.78–3.77) 3.64 (1.68–7.87) <.001 1.75 (1.35–2.27) <.001

Model 2 1.00 1.03 (0.43–2.43) 1.52 (0.63–3.66) .24 1.36 (0.99–1.84) .05

Stroke

BMI (kg/m2) <22.2 22.2 to <24.5 ≥24.5      

Model 1 1.00 1.43 (0.93–2.18) 2.71 (1.70–4.33) <.001 1.54 (1.28–1.85) <.001

Model 2 1.00 0.92 (0.54–1.58) 1.75 (1.05–2.92) .01 1.29 (1.05–1.58) .02

WC (cm) <80 80 to <86.5 ≥86.5      

Model 1 1.00 0.77 (0.45–1.31) 2.05 (1.30–3.22) <.001 1.44 (1.20–1.73) <.001

Model 2 1.00 0.52 (0.29–0.91) 1.23 (1.75–2.04) .15 1.20 (0.97–1.47) .09

WHtR <0.47 0.47 to <0.51 ≥0.51      

Model 1 1.00 0.93 (0.55–1.57) 2.30 (1.46–3.45) <.001 1.47 (1.23–1.77) <0.001

Model 2 1.00 0.77 (0.48–1.22) 1.41 (0.91–2.18) .07 1.22 (0.99–1.50) 0.05

Notes: Model 1 adjusted for smoking status (never smokers, past smokers, current low‐intensity smokers (1‐10 cigarettes/d), medium‐intensity smokers (11‐20 
cigarettes/d), or high‐intensity smokers (≥21 cigarettes/d)).
Model 2 additionally adjusted for hypertension (systolic BP ≥ 140 mmHg, diastolic BP ≥ 90 mmHg, or current medical care for hypertension), diabe-
tes (FPG ≥ 126 mg/dL, random plasma glucose ≥ 200 mg/dL, HbA1c ≥ 6.5%, or current medical care for diabetes), dyslipidemia (LDL‐C ≥ 140 mg/dL, 
HDL‐C < 40 mg/dL, TG ≥ 150 mg/dL, or use of medications for dyslipidemia).
Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; FPG, fasting plasma glucose; HbA1c, Glycated hemoglobin; HDL‐C, high‐density 
lipoprotein‐cholesterol levels; J‐ECOH Study, the Japan Epidemiology Collaboration on Occupational Health Study; LDL‐C, low‐density lipoprotein‐cholesterol; MI, 
myocardial infarction; OR, odds ratio; SD, standard deviation; TG, Triglyceride; WC, waist circumference; WHtR, waist‐to‐height ratio.
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Medicine, Japan. Prior to the collection of the data, the format 
of the J‐ECOH Study was announced in each company by 
using posters that explained the purpose and procedure of the 
study. Informed consent: Participants did not provide their 
verbal or written informed consent to join the study but were 
allowed to refuse their participation. This procedure con-
forms to the Japanese Ethical Guidelines for Epidemiological 
Research, where the procedure for obtaining consent may be 
simplified for observational studies that use existing data. 
Registry and the registration no. of the study/trial: N/A. 
Animal studies: N/A. Conflict of interest: Authors declare no 
conflict of interests for this article.
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APPENDIX 
Members of the Japan Epidemiology Collaboration on 
Occupational Health Study Group are: T Mizoue, S Akter, H 
Hu, Y Inoue, A Fukunaga, I Kashino, Z Islam, and M Konishi, 
National Center for Global Health and Medicine, Tokyo, 
Japan; A Nanri, Fukuoka Women's University, Fukuoka; K 
Kurotani, National Institute of Health and Nutrition, Tokyo; 
K Kuwahara, Teikyo University, Tokyo; T Nakagawa, S 
Yamamoto, T Honda, and Y Watanabe, Hitachi, Ltd., Ibaraki, 
Japan; S Dohi and H Okazaki, Mitsui Chemicals, Inc, Tokyo, 
Japan; T Imai, Occupational Health Support Company, Tokyo; 
A Nishihara, Azbil Corporation, Tokyo, Japan; N Sasaki and 
T Ogasawara, Mitsubishi Fuso Truck and Bus Corporation, 
Kanagawa, Japan; A Uehara, Seijinkai Shizunai Hospital, 
Hokkaido; M Yamamoto, YAMAHA CORPORATION, 
Shizuoka, Japan; T Miyamoto, M Hasegawa, and M Shirozu, 
Nippon Steel Corporation Kimitsu Works, Chiba, Japan; 
I Kabe, KUBOTA Corporation, Ibaraki, Japan; T Kochi 
and M Eguchi, Furukawa Electric Co., Ltd., Tokyo, Japan; 
T Murakami, C Shimizu, M Shimizu, N Gonmori, and A 
Ogasawara, Mizue Medical Clinic, Keihin Occupational 

Health Center, Kanagawa, Japan; N Kato and A Tomizawa, 
Fuji Electric Co., Ltd., Kanagawa, Japan; K Tomita, 
Healthplant, Tokyo, Japan; S Nagahama, All Japan Labour 
Welfare Foundation, Tokyo, Japan; N Kunugita, University 
of Occupational and Environmental Health, Fukuoka; T 
Sone, National Institute of Public Health, Saitama, Japan; 
K Fukasawa, ADVANTAGE Risk Management Co., Ltd., 
Tokyo, Japan; A Hori, University of Tsukuba, Ibaraki, 
Japan; C Nishiura, Tokyo Gas Co., Ltd., Tokyo, Japan; C 
Kinugawa, Healc Co., Ltd., Tokyo, Japan; R Kuroda and 
K Yamamoto, The University of Tokyo, Tokyo, Japan; M 
Ohtsu, Himawari Industrial Physician & Occupational Health 
Consultant Office, Saitama, Japan; N Sakamoto and Y Osaki, 
Health Design Inc, Tokyo, Japan; T Totsuzaki, Mizuho 
Health Insurance Society, Tokyo, Japan; M Endo, Juntendo 
University, Tokyo, Japan; T Itoh, New Japan Radio Co., 
Ltd., Tokyo, Japan; M Kawashima, Central Japan Railway 
Company, Aichi, Japan; M Masuda, AEON Co., Ltd., Chiba, 
Japan; K Kitahara and T Yokoya, Mitsubishi Hitachi Power 
Systems, Ltd., Kanagawa, Japan; K Fukai, K Odagami, and Y 
Kobayashi, HOYA Corporation, Tokyo.


