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Abstract   This cross-sectional study aimed to examine the independent associations of objec-
tively measured moderate-to-vigorous physical activity (MVPA), sedentary time (ST), and car-
diorespiratory fitness (CRF) with metabolic syndrome (MetS) among industrial workers. A to-
tal of 536 Japanese male industrial workers aged 35–59 years were included in the study. MetS 
was defined using the 2009 Joint Interim Statement definitions. ST and MVPA were measured 
using a triaxial accelerometer. Maximal oxygen uptake (V・O2max) was estimated through the 
bicycle ergometer-based submaximal aerobic fitness test. Logistic regression models were used 
to examine the associations of ST, MVPA, and V・O2max with MetS. The mean age was 48.6 (8.1) 
years, and the prevalence of MetS was 12.7%. After adjusting for covariates, the odds ratios 
(OR) and 95% confidence intervals (CI) of prevalent MetS for the highest and middle tertiles 
of MVPA were 0.22 (95% CI 0.09–0.53) and 0.89 (95% CI 0.51–1.57), respectively. The OR of 
the prevalent MetS for the highest and middle tertiles of V・O2max were 0.23 (95% CI 0.11–0.49) 
and 0.49 (95% CI 0.27–0.90), respectively. However, no significant association was found 
between ST and prevalence of MetS. The associations for MVPA and V・O2max did not change 
materially after mutual adjustment for ST, MVPA, and/or V・O2max. In conclusion, higher levels 
of both MVPA and CRF were independently associated with a lower likelihood of MetS among 
Japanese male industrial workers.
Keywords : metabolic syndrome, physical activity, cardiorespiratory fitness, sedentary time

Introduction

   Metabolic syndrome (MetS) is associated with an in-
creased incidence of all-cause mortality and cardiovascu-
lar diseases (CVDs)1). The prevalence of MetS using the 
International Diabetes Federation’s metabolic syndrome 
criteria has been reported to range from 23.8% to 39.9% 
among men worldwide2). MetS has also been reported in 
Japan, with an incidence of 11.1%–31.1% among compa-

ny workers aged 30s–50s3). Studies are needed to clarify 
the protective and/or risk factors for MetS and develop 
preventive strategies.
   Compelling evidence indicates that a higher moderate-
to-vigorous physical activity (MVPA) is associated with 
a lower risk of MetS4-8). In addition to MVPA, prolonged 
sedentary time (ST) has been associated with health out-
comes independent of physical activity (PA), indicating 
ST as a distinct risk factor9). Existing evidence has shown 
that prolonged sedentary behaviors decreased cardiorespi-
ratory fitness (CRF)10,11), and prolonged ST9,12,13) and low *Correspondence: yagi@wellness-lab.com
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CRF levels4,6,7,14) are positively associated with increased 
risk of MetS. Collectively, these evidences have raised 
the questions regarding whether the associations between 
CRF and MetS are independent of ST and MVPA, and 
vice versa. Besides, the majority of previous studies that 
have investigated the associations of MVPA, ST, and 
CRF with MetS have been limited by the self-reported 
data of PA measures5,9,14), which are prone to recall bias 
and overestimation15-17). To date, few studies with avail-
able objective measures of MVPA and ST have examined 
the independent associations of objectively measured ST, 
MVPA, and CRF with MetS7,14).
   A systematic review of PA measured by a device across 
occupational groups showed that office workers had the 
greatest ST at work, whereas they had the greatest MVPA 
during waking hours. On the contrary, laborers had the 
lowest ST at work18), suggesting that PA depends on oc-
cupation types. Studies have shown mixed evidence re-
garding occupational PA and health outcomes, with some 
studies having found higher levels of occupational PA as 
deleterious, whereas others have not19). For instance, a 
systematic review showed that some studies reported that 
manual workers were associated with increased odds of 
MetS; whereas others found the opposite, that is, nonman-
ual workers, instead of manual workers, were associated 
with a higher risk factor of MetS20). A distinction needs to 
be made between manual workers and nonmanual work-
ers, especially since studies on manual workers are few 
and not well understood, especially among Japanese. In 
this study, we cross-sectionally investigated the inde-
pendent associations of objectively measured total ST, 
MVPA, and CRF with MetS among Japanese male indus-
trial workers.

Methods

Study design and participants.   This study was a cross-

sectional study of data obtained from the baseline survey 
of the Toyota Motor Corporation Physical Activity and 
Fitness Study (TMCPAFS)21), which was conducted from 
October 2015 to January 2016. The study participants 
were 1,410 Japanese male employees of Toyota Motor 
Corporation aged 35–59 years, all of whom have received 
annual medical examinations in accordance with the In-
dustrial Safety and Health Law of Japan. Employees were 
required by law to participate in annual medical examina-
tions, and all clinical data were supplied as medical ex-
amination data21). We excluded 874 participants based on 
the following criteria: (1) valid accelerometer data could 
not be obtained (n = 455), (2) no data on the submaximal 
aerobic fitness test (n = 152), (3) not an industrial worker 
(n = 262), (4) a history of stroke, influence on PA could 
not be measured due to lower limb paralysis (n = 2), (5) 
unclear status as a shift worker (n = 1), and (6) unclear 
smoking status (n = 2). Finally, we analyzed the data from 
536 male car factory workers (Fig. 1).

Ethical considerations.   This study was approved by the 
Toyota Memorial Hospital Ethics/Personal Information 
Protection Management Committee (Approval no. 1507-
2, approved on August 20, 2015) in accordance with 
the Helsinki Declaration. The purpose of the study was 
explained to and written informed consent was obtained 
from all participants.

Detailed medical examination.   A questionnaire was 
distributed before the medical examination to obtain data 
on age, job type, night shift work, medical history, cur-
rent smoking status, current alcohol consumption status, 
subjective food intake, and medications for dyslipidemia, 
hypertension, and hyperglycemia. The questionnaire was 
answered on the day of the medical examination. The par-
ticipants were confirmed to have fasted for >11 h at the 
time of the medical examination, and all measurements 

Fig. 1	 Flow diagram of subjects

Total subjects: n=1410

↓ Exlude Conditions

↓ Without effective accelerometer data, n=455

↓ Without effective bicycle ergometer data, n=152

↓ Not an industrial worker, n=262

↓ Having a history of stroke, n=2

↓ Unclear whether a shift worker, n=1

↓ Unclear smoking status, n=2

Final subjects: n=536
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were performed in the morning.
   Height and weight were measured using a body fat 
meter with an automatic height meter (BF-220; TANITA 
Corp., Tokyo, Japan). Waist circumference was mea-
sured at the umbilical line at the end of exhalation while 
breathing normally in a standing position. Blood pressure 
was measured using an automatic sphygmomanometer 
(UDEX-Twin Type 2; ELK Corp., Osaka, Japan). Blood 
samples were analyzed as described previously21). In 
brief, blood samples were collected from the antecubital 
vein to measure fasting blood glucose, triglycerides, and 
high-density lipoprotein cholesterol (HDL-cholesterol).

Definition of MetS.   Participants were classified as either 
having or not having MetS according to the Joint Interim 
Statement (2009) definitions22). The MetS was defined 
as a case where three or more of the following five items 
were met: (1) waist circumference ≥ 90 cm, (2) triglycer-
ide ≥ 150 mg/dL or taking medication for hyperlipidemia, 
(3) HDL-cholesterol < 40 mg/dL, (4) systolic blood pres-
sure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 
mmHg or taking medication for hypertension, and (5) 
fasting blood glucose ≥ 100 mg/dL or taking medication 
for diabetes.

PA (physical activity).   Participants were instructed on 
how to wear an accelerometer at medical examination. 
Participants wore the accelerometer, which was posi-
tioned in front of the hip, during waking hours for seven 
consecutive days, except when bathing, doing water-
based activities, and sleeping. They were required to go 
about their daily life as usual. They did not take a nap 
during the night shift. However, we could not obtain the 
living activity record. An accelerometer with a built-
in three-axis acceleration sensor (Active style Pro HJA-
750C; OMRON HEALTHCARE Co., Ltd., Kyoto, Japan) 
was used to objectively measure the daily PA, and the 
epoch time was 60 s23). The display screen of the device 
was set to display only the time to avoid promoting PA 
by displaying the PA data, thereby avoiding measurement 
bias.
   Data obtained were defined as follows: ≤1.5 metabolic 
equivalents as ST min/day and ≥3.0 metabolic equivalents 
as MVPA min/day. If the activity intensity was <1.0 meta-
bolic equivalent continuously for ≥60 min, it was recog-
nized as not attached. A valid wear day was defined as 
wearing the accelerometer for ≥10 h. Participants who had 
≥4 valid accelerometer wear days (regardless of working 
or nonworking day) were included in the analysis.

Submaximal aerobic fitness test.   To evaluate estimated 
maximal oxygen uptake (V・O2max), the submaximal aero-
bic fitness test was performed using the physical work 
capacity (PWC)75% HRmax method (Exercise bike 75 XLIII; 
Konami Sports Life Co., Ltd., Kanagawa, Japan). This 
method has been validated using the Douglas bag method 

to estimate V・O2max24).

Statistical analysis.   All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cam-
pus Drive Cary, NC, USA). The statistical significance 
level was set at α = 0.05. ST and MVPA were corrected 
according to wearing time using the residual method, 
given the positive correlations of ST and MVPA with 
wearing time. The characteristics of the participants were 
shown crossing the tertiles of ST, MVPA, and V・O2max, 
and trend tests were performed. If we have the data of 
continuous variables, it would be normal to use them 
as is, without making them categorical variables; but 
when interpreting the results, we decided that categori-
cal variables would be easier. The cutoff values of the 
tertiles were 291.4 and 548.3 min/day for ST, 31.4 and 
97.6 min/day for MVPA, and 35.4 and 44.4 mL/kg/min 
for V・O2max. To examine the association between MetS 
with each of ST, MVPA, and V・O2max, logistic regression 
analysis was performed, and the odds ratio (OR) of MetS 
and its 95% confidence interval (CI) were calculated. 
Model 1 was adjusted for age. Model 2 was adjusted 
for shift worker (Are you a shift worker? Yes/No), cur-
rent smoking (Do you smoke habitually (for more than 6 
months)? Yes/No), drinking status (Do you currently have 
a drinking habit? Yes/No), and subjective food intake 
(How much do you eat? 1. Small amount. 2. Eat until I’m 
50% full. 3. Eat until I’m 80% full. 4. The amount I eat 
depends on the day. 5. Eat until I’m full.). Then, subjec-
tive food intake was divided into two categories (1: small 
amount, half, almost full; 2: not determined, fullness) 
in addition to model 1. In model 3, similar to model 2, 
MVPA was added to ST models, and ST was added to 
MVPA and V・O2max models as confounders. In model 4, 
V・O2max was added to ST and MVPA models, and MVPA 
to V・O2max models as confounders, similar to model 2. 
Finally, in model 5, MVPA and V・O2max were added to 
ST models, ST and V・O2max were added to MVPA mod-
els, and ST and MVPA were added to V・O2max models as 
confounders, similar to model 2.

Results

Characteristics of the participants.   Table 1 shows the 
characteristics of all participants and the participants ac-
cording to tertiles for ST (high, middle, and low groups), 
MVPA (low, middle, and high groups) and V・O2max (low, 
middle, and high groups). The mean ± SD age was 48.6 
± 8.1 years, and the mean waist circumference was 81.2 
± 8.9 cm. The mean triglyceride level was 115.1 ± 90.4 
mg/dL; mean HDL-cholesterol level, 62.2 ± 16.3 mg/dL; 
mean systolic blood pressure, 117.2 ± 12.2 mmHg; mean 
diastolic blood pressure, 75.6 ± 7.7 mmHg; and mean 
fasting blood glucose level, 99.0 ± 15.7 mg/dL. A total of 
68 participants (12.7%) met the MetS definition.
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improvement27,28). Therefore, by inputting each as a con-
founding factor, the relationship between MVPA and CRF 
can be clarified.
   A systematic review of various occupations suggested 
that increasing leisure-time PA was beneficial for all 
workers, especially among workers with low occupa-
tional PA29). What is noteworthy about the characteristics 
of the participants in our study is that the average total 
unadjusted MVPA was as high as 101.0 min/day. The 
Physical Activity Guidelines advocate 150 min/week of 
moderate-intensity PA and/or 75 min/week of vigorous-
intensity PA, which our subjects appear to exceed by 1.5 
days, for reducing the risk of cardiovascular diseases30). 
Nevertheless, the results were consistent with many other 
studies4,7,27). Even in leisure-time PA, at seven times the 
basic recommended level, dose–response meta-analysis 
found a negative linear relationship between leisure-time 
PA and incident MetS8). Although our study used total 
MVPA, it showed a similar trend.

Limitations and strengths.   This study has some limita-
tions. First, the participants were employees of an auto-
mobile manufacturing corporation, and most of them were 
engaged in factory work. Although a few employees, such 
as administrators who were sedentary, were evaluated, 
they could not be distinguished from other employees. 
Second, accelerometer data mixed working days and 
off days because of we could not obtain a living activity 
record. Third, we did not adjust for the socioeconomic 
status such as education, income, and family structure. 
However, all of the industrial workers had similar years 
of education; moreover, their income did not differ much 
because they worked in the same occupational category 
and company. Fourth, since participants were all male car 
factory workers, caution should be exercised in general-
izing our findings to other populations or other industrial 
worker categories. Finally, the cross-sectional study de-
sign precludes us from making any inferences about the 
causality of the observed associations. 
   However, this study also has some strengths. We used 
objective methods by evaluating the parameters of daily 
PA and CRF using triaxial accelerometers and the sub-
maximal aerobic fitness test. Moreover, these independent 
associations were evaluated separately. Thus, our findings 
clarified the associations limited to industrial workers.

Conclusion

   Our findings suggest that higher levels of both MVPA 
and CRF, but not ST, are independently associated with 
lower odds of MetS among Japanese industrial workers.
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Effect of ST, MVPA, and VO2max on MetS prevalence.
   Table 2 shows the results of the multiple regression 
analysis of MetS with ST, MVPA, and V・ O2max. No 
significant associations with ST were found in any of 
the models. The prevalence of MetS was reduced in all 
models in the highest MVPA group, 0.26 times (95% CI 
0.10–0.71) in model 5, except in the middle group, which 
showed no significant associations. The middle and high-
est V・ O2max groups also showed a significantly lower 
prevalence of MetS in all models, 0.51 times (95% CI 
0.28–0.95) in the middle group and 0.25 times (95% CI 
0.12–0.53) in the highest group in model 5.

Discussion

   This study examined the associations of ST, MVPA, and 
CRF with MetS based on objective data. MVPA showed 
a significantly lower OR in the highest group than in the 
lowest group. However, no significant associations be-
tween ST and MetS prevalence were found. CRF showed 
a significantly lower OR in the middle and highest groups 
compared to the lowest group. Our findings suggest that 
high MVPA or CRF levels, but not ST, were associated 
with a decreased prevalence of MetS among male indus-
trial workers in an automobile manufacturing corporation. 
We confirmed and extended the findings of the protective 
association between MVPA or CRF with MetS in indus-
trial workers.
   A previous systematic review summarized the positive 
association between ST and MetS in men12). The review 
included both self-reported and objectively measured ST. 
The author mentioned two limitations. First, 8 of the 10 
studies used TV viewing as the surrogate marker of sitting 
time. PA assessed via self-reports were overestimated15-17) 
or underestimated because of recall bias25) compared to 
objective measures. Therefore, the relationship would 
be somewhat ambiguous. Second, eight studies had not 
adjusted for PA. PA, especially MVPA, has a favorable 
effect on MetS4-8). Thus, the independent associations are 
unclear. In a prospective study, Honda et al.26) used an ac-
celerometer and found no association between the total 
ST and <30 min ST with MetS prevalence. However, a 
positive association was observed between ST >30 min 
and MetS prevalence. Thus, this lack of consensus on the 
effects of ST on health outcomes was most likely caused 
by differences in measurement methods. Further studies 
are needed to explore the association of ST with MetS 
and accumulation patterns of ST.
   Higher MVPA had a significantly negative association 
with MetS prevalence independent of ST and CRF, as as-
sessed by accelerometer4,27). However, few studies have 
examined whether objectively measured MVPA is associ-
ated with MetS, independent of CRF and vice versa7,14). 
The amount and intensity of PA is associated with CRF. 
There are also genetic factors that determine CRF, but 
an increase in MVPA particularly contributes to CRF 
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ment Health Promotion Office Exercise Support Group for their 
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