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Abstract

Purpose This study aimed to investigate independent relationships of daily non-exercise life activity and leisure-time
exercise volume and intensity with the prevalence of metabolic syndrome and its traits in Japanese adults.

Methods Data of 24,625 eligible subjects (12,709 men, 11,916 women) who participated in the baseline survey of the Japan
Multi-Institutional Collaborative Cohort (J-MICC) Study were analyzed. Information about lifestyle characteristics was
obtained from a questionnaire. Logistic regression analyses were performed to evaluate the independent associations of daily
life activity as well as leisure-time exercise volume and intensity with the prevalence of metabolic syndrome and its traits
by sex.

Results Male subjects with higher daily life activity as well as with higher leisure-time exercise volume had a lower
prevalence of metabolic syndrome, independently with each other. Female subjects with higher daily life activity also had a
lower prevalence of metabolic syndrome. Particularly, male and female subjects with the highest daily life activity quartile
showed considerably low odds ratios of 0.66 (95% CI, 0.53-0.81) and 0.64 (0.52-0.79), respectively, for low HDL-
cholesterol even after the adjustment for BMI compared with the first quartile. Meanwhile, male subjects with the higher
leisure-time exercise showed a quite lower prevalence of elevated triglycerides. Higher moderate-intensity exercise was
more intensely associated with a lower prevalence of metabolic syndrome and some of its traits in both sexes.
Conclusions Our results suggest that higher daily life activity and higher moderate-intensity exercise may be independently
associated with a lower risk of metabolic syndrome in Japanese adults.

Keywords Daily life activity - Leisure-time exercise * Metabolic syndrome - Cross-sectional study

Introduction developing type 2 diabetes and cardiovascular diseases
[4-7]. Because cardiovascular disease is a leading cause of
death, preventing cardiovascular damage is an important

public health issue worldwide. Early preventive counter-

The prevalence of metabolic syndrome, characterized by a
cluster of several metabolic disorders such as central obe-

sity, dyslipidemia, elevated blood pressure, and glucose
intolerance [1, 2], has been globally increasing [3]. Indivi-
duals with metabolic syndrome are at a high risk of
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measures against metabolic disorders can contribute to
preventing the occurrence or progression of cardiovascular
damage.

Sufficient physical exercise can contribute to the pre-
vention of various chronic diseases, including obesity, type
2 diabetes, and cardiovascular disease [8—11]. In contrast,
excessive sedentary behavior, distinct from a lack of voli-
tional exercise, may be linked to various health problems
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[12-14]. A proportional relationship between sitting time
and mortality from all causes and from cardiovascular dis-
ease independent of leisure-time exercise has been reported
[15]. That is, usual activities of daily living, including fid-
geting, cleaning, spontaneous muscle contractions, and
maintaining posture when upright, may effectively prevent
health disorders independent of leisure-time exercise.
Leisure-time exercise is also effective for at preventing
various health problems; however, its impact on health may
differ among exercise intensities when exercise volumes are
similar.

Here we evaluated the independent relationships of daily
life activity as well as leisure-time exercise with the pre-
valence of metabolic syndrome and its traits in a large
Japanese population. We also compared the prevalence of
metabolic syndrome and its traits by leisure-time exercise
intensity and exercise volume.

Materials/subjects and methods
Study subjects

Participants aged 35-69 years were enrolled in the baseline
survey of a prospective cohort study between February
2004 and March 2014 by 13 research sites throughout
Japan. The details of the J-MICC Study have been descri-
bed elsewhere [16]. Briefly, this cohort study aimed to
examine the interactions of lifestyle and genetic factors, as
well as their associations with lifestyle-related diseases.
Of the 13 research sites, 2 did not collect biochemical
data from their subjects, while another did not measure
fasting plasma glucose. Another 2 research sites used dif-
ferent questions about physical activities, while 1 had a
considerably higher prevalence of metabolic syndrome than
the residual research sites. Excluding the participants in
these research sites, 35,833 subjects (17,360 men, 18,473
women) in the remaining 7 research sites were initially
included in the current study. Among the 35,833 subjects,
we excluded total of 11,208 (4651 men, 6557 women) with
overlapping characteristics as follows: (1) 1351 with a
history of ischemic heart disease or stroke; (2) 1836 lacking
complete data on daily life activities and leisure-time
exercise; (3) 658 whose estimated daily total energy intake
was extremely high (>4000 kcal/day) or low (<1000 kcal/
day); (4) 7710 subjects for whom data were missing for
body mass index (BMI), blood pressure, and biochemical
measurements including serum triglyceride, high-density
lipoprotein (HDL) cholesterol, fasting plasma glucose, and
medical histories that are essential to the diagnosis of
metabolic syndrome; and (5) 466 subjects for whom com-
plete data were lacking for smoking status, alcohol drinking
status, or sleep duration required in the multivariate models.

Data for a total of 24,625 subjects (12,709 men, 11,916
women) were finally analyzed (the dataset is ver.
20180602).

All participants in the J-MICC Study provided written
informed consent prior to participating. The study was
approved by the ethics committees of Nagoya University
Graduate School of Medicine, Japan, Tokushima University
Graduate School, Japan and other participating institutions,
conducted in accordance with the principles of the
Declaration of Helsinki, and performed in accordance with
the relevant guidelines and regulations.

Questionnaire

Information on individual medical histories and lifestyle
characteristics, including smoking habits, alcohol drinking
status, sleep duration and dietary behavior over the past
year, was obtained through a structured self-administered
questionnaire. All responses were reviewed by trained staff
at the time of the survey. The dietary assessment was per-
formed using the validated short food frequency ques-
tionnaire (FFQ) included in this questionnaire in the
baseline survey of the J-MICC Study [17-20]. This FFQ
included questions about the intake of 47 varieties of foods
and beverages over the past year. Daily total energy intake
was estimated using a program developed by the Depart-
ment of Public Health, Nagoya City University School of
Medicine [17, 18].

Assessment of leisure-time exercise and daily life
activities

We used the questionnaire to obtain information regarding
leisure-time exercise and daily life activities. Leisure-time
exercise was estimated on the basis of the International
Physical Activity Questionnaire [21]. Leisure-time exercise
was divided into three levels: light intensity (e.g., walking
and hiking), moderate intensity (e.g., light jogging and
swimming), and vigorous intensity (e.g., marathon running
and competitive sports). The volumes of leisure-time exer-
cise for the three levels were estimated as metabolic
equivalent (MET)-h/week (MET level x hours of activity x
events per week), and the total leisure-time exercise volume
was estimated by summing these volume for the three
levels. In these estimations, light, moderate, and vigorous-
intensity exercises were assigned 3.4, 7.0, and 10.0 METs,
respectively.

Information on daily life activities was obtained for four
ranks according to activity level sequentially from the
strongest: (1) behaviors that require muscle power (4.5
METs); (2) walking (3.0 METs); (3) standing (2.0 METs);
and (4) sitting (1.5 METs). The duration of each activity
was assigned one of the following eight categories: none,
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<1l,1t0<3,3t0<5,5to<7,7to<9, 9 to<l1, and>11h/
day. In the analyses, these eight categories were replaced
with 0, 0.5, 2, 4, 6, 8, 10, and 11 h/day, respectively. Similar
to the estimation of leisure-time exercise volume, daily life
activity volume was estimated as MET-h/week for the three
higher ranks [(1) behaviors that require muscle power, (2)
walking, and (3) standing] excluding sitting and summed,
because sedentary behavior such as sitting or reclining
position, a low-energy expenditure (<1.5 METs), may be
associated with various health problems [22].

Anthropometric and biochemical measurements

Data on anthropometric measurements (height and weight),
blood pressure, fasting plasma glucose, and serum levels of
triglycerides and HDL-cholesterol were obtained at health
screening. BMI was calculated as weight (in kg) divided by
height (in meters squared).

Assessment of metabolic syndrome

We assessed the prevalence of metabolic syndrome using a
modification of the National Cholesterol Education Program
Adult Treatment Panel III (NCEP ATP III) revised defini-
tion (NCEP-R 2005) [1]. Metabolic syndrome was diag-
nosed in participants with at least three of the following five
criteria: (a) Obesity: BMI > 25 kg/m? instead of abdominal
waist circumference; (b) High blood pressure: systolic
blood pressure > 130 mmHg and/or diastolic blood pres-
sure > 85 mmHg or receiving treatment for hypertension; (c)
Elevated triglycerides: serum triglyceride level > 150 mg/dL
or receiving hypertriglyceridemia medication; (d) Low
HDL-cholesterol: serum HDL-cholesterol level < 40 mg/dL
in men or <50 mg/dL in women; and (e) Elevated blood
glucose: fasting plasma glucose level > 100 mg/dL or
receiving treatment for diabetes.

Statistical analyses

Continuous variables are expressed as mean =+ standard
deviation; those with a skewed distribution are expressed as
median (25th, 75th percentiles). Categorical variables are
expressed as number and proportion (%). The r-test,
Wilcoxon-rank sum test, or chi-square test was used to
compare the characteristics between the prevalence of
metabolic syndrome where appropriate. The associations of
daily life activities as well as leisure-time exercise with the
prevalence of metabolic syndrome and its traits were eval-
uated separately by sex using logistic regression analyses.
Adjusted covariates were as follows: (Model 1): age (year,
continuous); (Model 2): age, research sites (Shizuoka-
Sakuragaoka, Okazaki, Shizuoka, Iga, Takashima, Kyoto,

@ Springer

and Tokushima), education level (<9, 10-15, 216 years, and
unknown), smoking habit (current, past, and never), alcohol
drinking status (current or other), energy intake (kcal/day,
quartiles), sleep duration (<6, 6.0 to <7.0, 7 to <8, and >8 h/
day), and menopausal status (postmenopause or others) if
women; (Model 3): covariates in Model 3 plus BMI (kg/mz,
quartiles). Daily life activity (MET-h/week, quartiles) and
leisure-time exercise (MET-h/week, quartiles) were simul-
taneously inserted into all models, and categorical variables
were converted into dummy variables. The proportional
relationships of daily physical activities as well as leisure-
time exercise with the prevalence of metabolic syndrome
and its traits were assessed by assigning ordinal categorical
variables of 1, 2, 3, and 4 per quartile in the logistic
regression analyses. We additionally evaluated the rela-
tionships of leisure-time exercise with the prevalence of
metabolic syndrome and its traits according to leisure-time
exercise intensity by replacing total leisure-time exercise
volume with light, moderate, and vigorous-intensity exer-
cise (three categories of 0,>0 to 10.0, and 210.0 MET-h/
week were made at each intensity) in the similar logistic
models (Models 2 and 3). In these analyses, the proportional
relationships of each leisure-time exercise intensity with the
prevalence of metabolic syndrome and its traits were
assessed by assigning ordinal categorical variables of 1, 2,
or 3 for the three categories (0, >0 to 10.0, and >10.0 MET-
h/week) at each intensity.

All calculations and statistical tests were performed using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
Statistical tests were based on two-sided probabilities, and
values of P <0.05 were considered significant.

Results
Baseline characteristics

The mean (SD) age was 54.1 (9.8) years in men and 52.9
(9.7) years in women, showing a significant difference
(P <0.001). The prevalence of metabolic syndrome was
significantly higher in men (21.0%) than in women (9.0%)
(P<0.001).

The baseline characteristics of the subjects according to
the prevalence of metabolic syndrome by sex are shown in
Table 1. Male subjects with metabolic syndrome were older,
had lower education level, and showed lower ratio of never
smoking than those without metabolic syndrome. Male
subjects with metabolic syndrome had higher prevalence of
all traits of metabolic syndrome and showed lower amounts
of both daily physical activity and leisure-time exercise than
those without metabolic syndrome. Female subjects with
metabolic syndrome were also older and had higher ratio of
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Table 1 Characteristics of the study subjects according to the prevalence of metabolic syndrome by sex

Men Women

Metabolic syndrome Metabolic syndrome

No Yes No Yes

(n=10,041) (n =2668) P (n=10,843) (n=1073) P
Age (years)* 53.8 (9.9) 55.2 (9.1) <0.001  52.4(9.7) 57.7 (8.2) <0.001
Body mass index (kg/m*)° 22.7 (21.1, 24.3) 26.2 (25.0, 28.0) <0.001  21.3 (19.6, 23.2) 26.4 (24.5, 28.6)  <0.001
Systolic blood pressure (mmHg)* 124.2 (16.3) 137.5 (15.8) <0.001 121.2 (18.1) 139.4 (17.0) <0.001
Diastolic blood pressure (mmHg)* 77.6 (10.3) 85.3 (10.0) <0.001  73.6 (10.8) 82.7 (10.2) <0.001
Triglycerides (mg/dL)° 97 (72, 131) 176.5 (132, 236) <0.001 76 (57, 104) 163 (112, 214) <0.001
HDL-cholesterol (mg/dL)* 61.6 (15.5) 51.2 (13.9) <0.001  74.0 (16.6) 55.5 (14.0) <0.001
Fasting plasma glucose (Ing/dL)b 95 (89, 101) 106 (100, 118) <0.001 90 (85, 96) 103 (96, 113) <0.001
Energy intake (kcal/day)® 1885 (1711, 2081) 1879 (1691, 2072) 0.071 1551 (1427, 1678) 1532 (1400, 1678)  0.015
Sleep duration (h/day) 6.67 (1.00) 6.66 (1.06) 0.600 6.44 (0.97) 6.50 (1.01) 0.052
Daily life activity (MET-h/week)® 98.0 (49.0, 189.0) 85.8 (38.5, 169.80)  0.001 140.0 (85.8, 203.0) 133.0 (80.5, 197.8)  0.140
Leisure-time exercise (MET-h/week)®  7.50 (1.28, 20.40)  6.45 (0.43, 17.89)  <0.001  5.10 (0, 17.83) 5.10 (0.43, 17.85)  0.098
Education level (years) (no., %)
<9 904 (9.0) 262 (9.8) 0.01 760 (7.0) 154 (14.4) <0.001
10-15 4826 (48.1) 1307 (49.0) 7880 (70.6) 758 (70.6)
>16 3937 (39.2) 973 (36.5) 1718 (15.8) 91 (8.5)
Unknown 374 (3.7) 126 (4.7) 485 (4.5) 70 (6.5)
Smoking habit (no., %)
Current 2765 (27.5) 718 (26.9) <0.001 673 (6.2) 68 (6.3) 0.980
Past 4128 (41.1) 1249 (46.8) 920 (8.5) 92 (8.6)
Never 3148 (31.4) 701 (26.3) 9250 (85.3) 913 (85.1)
Current alcohol drinking (no., %)
Yes 7549 (75.2) 2034 (76.2) 0.261 4482 (41.3) 359 (33.5) <0.001
No 2492 (24.8) 634 (23.8) 6361 (58.7) 714 (66.5)
Menopausal status (no., %)
Premenopause 4910 (45.3) 244 (22.7) <0.001
Postmenopause 5933 (54.7) 829 (77.3)
Prevalence (no., %)
Obesity 1512 (15.1) 2017 (75.6) <0.001 1110 (10.2) 770 (71.8) <0.001
High blood pressure 4154 (41.4) 2331 (87.4) <0.001 3601 (33.2) 943 (87.9) <0.001
Elevated triglycerides 1572 (15.7) 1863 (69.8) <0.001 752 (6.9) 650 (60.6) <0.001
Low HDL-cholesterol 301 (3.0) 599 (22.5) <0.001 427 (3.9) 474 (44.2) <0.001
Elevated blood glucose 3019 (30.1) 2078 (77.9) <0.001 1542 (14.2) 751 (70.0) <0.001

Obesity: body mass index > 25 kg/mz; High blood pressure: SBP > 130 mmHg or DBP > 85 mmHg or hypertension medication

Low HDL-cholesterol: serum HDL-cholesterol <40 mg/dL in men and < 50 mg/dL in women

Elevated triglycerides: serum triglyceride > 150 mg/dL or hypertriglyceridemia medication

Elevated blood glucose: fasting plasma glucose > 100 mg/dL or diabetes medication

MET metabolic equivalent, HDL high-density lipoprotein

*Mean (SD)
®Median (25%, 75%)

postmenopause, and showed lower energy intake, lower
education level and lower ratio of current alcohol drinking
than those without metabolic syndrome. Female subjects
with metabolic syndrome also had higher prevalence of all

traits of metabolic syndrome than those without metabolic
syndrome. The amounts of daily physical activity and
leisure-time exercise were not different between female
subjects with and without metabolic syndrome.
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Relationships of daily life activity and leisure-time
exercise volume with the prevalence of metabolic
syndrome and its traits in men and women

Table 2 presents that higher daily life activity volume was
associated with a lower prevalence of metabolic syndrome
and its traits excluding high blood pressure in a multivariate-
adjusted model (Model 2) in men. Although further adjust-
ment for BMI (Model 3) did not change most of these find-
ings, the inverse association between daily life activity
volume and the prevalence of elevated blood glucose fell into
non-significant. The highest daily life activity quartile showed
a considerably low odds ratio of 0.66 (95% confidence
interval (CI), 0.53-0.81; Model 3) for low HDL-cholesterol
compared with the first quartile (reference). Higher leisure-
time exercise volume was also associated with a lower pre-
valence of metabolic syndrome and its traits excluding low

HDL-cholesterol in a multivariate-adjusted model (Model 2)
in men. Although further adjustment for BMI (Model 3) did
not change most of these findings, the inverse association
between leisure-time exercise volume and the prevalence of
elevated blood glucose fell into non-significant. The highest
leisure-time exercise quartile showed a quite low odds ratio of
0.69 (95% CI, 0.62-0.78; Model 3) for elevated triglycerides
compared with the first quartile (reference).

As shown in Table 3, daily life activity volume was
inversely and proportionally associated with the prevalence
of metabolic syndrome, elevated triglycerides, and low
HDL-cholesterol but not with that of obesity in
multivariate-adjusted models (Models 2 and 3) in women.
Leisure-time exercise volume was inversely associated with
the prevalence of obesity (P-values for trend were 0.004, in
Model 2). The highest daily life activity quartile showed a
considerably low odds ratio of 0.64 (95% CI, 0.52-0.79;

Table 2 Associations of the volume of daily life activity and leisure-time exercise with the prevalence of metabolic syndrome and its traits in men

Daily life activity (MET-h/week)

Leisure-time exercise (MET-h/week)

Q1 Q2 Q3 Q4 Ql Q2 Q3 Q4

Metabolic syndrome

OR (95% CI) in Model 1 1 092 (0.82-1.04) 0.92 (0.81-1.03) 0.77 (0.68-0.87) 1  0.90 (0.80-1.02)  0.84 (0.74-0.94)  0.73 (0.65-0.83)
P for trend <0.001 <0.001

OR (95% CI) in Model 2 1 091 (0.81-1.03) 0.89 (0.79-1.01)  0.75 (0.65-0.85) 1  0.90 (0.79-1.02)  0.83 (0.73-0.94)  0.72 (0.63-0.82)
P for trend <0.001 <0.001

Obesity

OR (95% CI) in Model 2 1 0.96 (0.86-1.08) 0.96 (0.86-1.07)  0.78 (0.69-0.88) 1  0.91 (0.81-1.02)  0.90 (0.80-1.00)  0.82 (0.73-0.92)
P for trend <0.001 0.001

High blood pressure

OR (95% CI) in Model 2 1 1.06 (0.95-1.17)  1.11 (0.99-1.23)  1.01 (0.90-1.13) 1  0.95 (0.85-1.06)  0.91 (0.82-1.01)  0.81 (0.73-0.91)
P for trend 0.681 <0.001

OR (95% CI) in Model 3 1 1.08(0.97-1.20) 1.13(1.01-1.27) 1.09 (0.97-1.23) 1  0.97 (0.86-1.08)  0.92 (0.83-1.02)  0.83 (0.75-0.93)
P for trend 0.081 0.001

Elevated triglycerides

OR (95% CI) in Model 2 1 091 (0.82-1.02) 0.85(0.75-0.95) 0.69 (0.61-0.78) 1  0.89 (0.79-1.00)  0.76 (0.68-0.85)  0.69 (0.61-0.77)
P for trend <0.001 <0.001

OR (95% CI) in Model 3 1 092 (0.82-1.03) 0.85(0.76-0.96)  0.73 (0.65-0.83) 1  0.90 (0.79-1.01)  0.76 (0.68-0.86)  0.69 (0.62-0.78)
P for trend <0.001 <0.001

Low HDL-cholesterol

OR (95% CI) in Model 2
P for trend

OR (95% CI) in Model 3
P for trend

Elevated blood glucose

OR (95% CI) in Model 2
P for trend

OR (95% CI) in Model 3
P for trend

0.92 (0.76-1.10)

0.94 (0.78-1.13)

0.93 (0.83-1.03)

0.93 (0.84-1.03)

0.74 (0.60-0.90)
<0.001
0.76 (0.62-0.93)
<0.001

0.92 (0.83-1.03)
0.040
0.93 (0.84-1.04)
0.279

0.60 (0.48-0.75)

0.66 (0.53-0.81)

0.89 (0.79-0.99)

0.94 (0.84-1.05)

1

0.98 (0.80-1.19)

1.00 (0.81-1.22)

0.99 (0.88-1.10)

1.00 (0.89-1.11)

0.95 (0.78-1.15)
0.070
0.96 (0.79-1.17)
0.131

0.87 (0.79-0.97)
0.017
0.88 (0.79-0.98)
0.056

0.82 (0.66-1.00)

0.84 (0.68-1.04)

0.91 (0.81-1.01)

0.93 (0.83-1.04)

Daily life activity (quartiles) and leisure-time exercise (quartiles) were simultaneously inserted in all models

Model 1: adjusted for age

Model 2: adjusted for age, research sites, education level, smoking habit, current alcohol drinking, energy intake, and sleep duration

Model 3: adjusted for the covariates in Model 2 + body mass index

MET metabolic equivalent, OR odds ratio, CI confidence interval, Q7 first quartile, Q2 second quartile, Q3 third quartile, Q4 fourth quartile, HDL

high-density lipoprotein
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Table 3 Associations of the volume of daily life activity and leisure-time exercise with the prevalence of metabolic syndrome and its traits in

women

Daily life activity (MET-h/week)

Leisure-time exercise (MET-h/week)

Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
Metabolic syndrome
OR (95% CI) in Model 1 0.87 (0.73-1.03)  0.81 (0.67-0.97)  0.78 (0.65-0.94) 1 1.08 (0.90-1.30)  1.04 (0.87-1.25)  0.84 (0.70-1.01)
P for trend 0.007 0.073

OR (95% CI) in Model 2
P for trend

Obesity

OR (95% CI) in Model 2
P for trend

High blood pressure

OR (95% CI) in Model 2
P for trend

OR (95% CI) in Model 3
P for trend

Elevated triglycerides

OR (95% CI) in Model 2
P for trend

OR (95% CI) in Model 3
P for trend

Low HDL-cholesterol

OR (95% CI) in Model 2
P for trend

OR (95% CI) in Model 3
P for trend

Elevated blood glucose

OR (95% CI) in Model 2
P for trend

OR (95% CI) in Model 3
P for trend

0.85 (0.71-1.01)

0.94 (0.81-1.08)

1.15 (1.02-1.29)

1.16 (1.03-1.30)

0.93 (0.79-1.08)

0.93 (0.79-1.09)

0.85 (0.70-1.02)

0.85 (0.70-1.02)

0.95 (0.83-1.08)

0.95 (0.83-1.08)

0.77 (0.64-0.92)
<0.001

0.88 (0.76-1.02)
0.260

1.12 (0.99-1.26)
0.164
1.14 (1.01-1.28)
0.184

0.80 (0.68-0.94)
<0.001
0.80 (0.68-0.95)
<0.001

0.76 (0.62-0.93)
<0.001
0.77 (0.63-0.94)
<0.001

0.88 (0.77-1.02)
0.377
0.89 (0.77-1.03)
0.360

0.71 (0.58-0.86)

0.93 (0.80-1.08)

.11 (0.98-1.25)

1.11 (0.98-1.25)

0.73 (0.61-0.87)

0.72 (0.60-0.86)

0.65 (0.53-0.80)

0.64 (0.52-0.79)

0.95 (0.83-1.10)

0.95 (0.82-1.10)

1

1.01 (0.83-1.23)

1.06 (0.92-1.22)

1.01 (0.89-1.14)

1.00 (0.89-1.14)

0.94 (0.79-1.12)

0.93 (0.78-1.11)

1.01 (0.82-1.24)

1.00 (0.81-1.23)

1.01 (0.87-1.16)

1.00 (0.87-1.16)

1.01 (0.83-1.22)
0.058

0.92 (0.80-1.07)
0.004

1.06 (0.94-1.20)
0.431
1.07 (0.95-1.22)
0.831

1.01 (0.85-1.20)
0.028
1.02 (0.86-1.22)
0.087

1.01 (0.82-1.25)
0.362
1.03 (0.83-1.26)
0.600

1.02 (0.89-1.18)
0.499
1.04 (0.90-1.20)
0.832

0.82 (0.67-1.01)

0.83 (0.71-0.96)

0.94 (0.83-1.06)

0.97 (0.85-1.10)

0.79 (0.66-0.95)

0.82 (0.68-0.98)

0.90 (0.73-1.12)

0.93 (0.75-1.16)

0.95 (0.82-1.10)

0.98 (0.84-1.13)

Daily life activity (quartiles) and leisure-time exercise (quartiles) were simultaneously inserted in all Models

Model 1: adjusted for age

Model 2: adjusted for age, research sites, education level, smoking habit, current alcohol drinking, energy intake, sleep duration, and menopausal

status

Model 3: adjusted for the covariates in Model 2 4+ body mass index

MET metabolic equivalent, OR odds ratio, CI confidence interval, Q1 first quartile, Q2 second quartile, Q3 third quartile, Q4 fourth quartile, HDL

high-density lipoprotein

Model 3) for low HDL-cholesterol compared with the first
quartile (reference), similar to the finding in men. Although
leisure-time exercise volume was inversely associated with
the prevalence of elevated triglycerides in Model 2 (P-value
for trend was 0.028), this inverse association was non-
significant after further adjustment for BMI (P-value for
trend was 0.087 in Model 3).

Relationships of leisure-time exercise intensity with
the prevalence of metabolic syndrome and its traits
in men and women

As shown in Table 4, moderate- and vigorous-intensity
exercise was inversely associated with the prevalence of
metabolic syndrome in men (P-values for trend were <0.001

and 0.029, respectively, in Model 2); however, light-
intensity exercise was not. Moderate-intensity exercise was
inversely associated with the prevalence of obesity and other
metabolic traits (Model 2), although its inverse association
with elevated blood glucose was non-significant after further
adjustment for BMI (Model 3). Light-intensity exercise was
inversely associated with the prevalence of high blood
pressure and elevated triglycerides after adjustment for BMI
(P-values for trend were 0.002 and 0.033 in Model 3,
respectively) but not with other traits. Vigorous-intensity
exercise was inversely associated with the prevalence of
elevated triglycerides and elevated blood glucose (P-values
for trend were 0.049 and 0.045 in Model 3, respectively).
As shown in Table 5, moderate-intensity exercise was
inversely associated with the prevalence of metabolic

@ Springer
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syndrome in women (P-value for trend was <0.001 in
Model 2); however, light- or vigorous-intensity exercise
was not. Moderate- and vigorous-intensity exercise was
inversely associated with the prevalence of obesity.
Moderate-intensity exercise was also inversely associated
with the prevalence of high blood pressure, elevated tri-
glycerides, and elevated blood glucose (Model 2), although
its inverse associations with high blood pressure and ele-
vated triglycerides fell into non-significant after further
adjustment for BMI (Model 3).

Discussion

The present study revealed that daily life activity volume
was inversely associated with the prevalence of metabolic
syndrome, independent of leisure-time exercise, in men and
women. Especially, higher daily life activity was associated
with considerably lower prevalence of low HDL-cholesterol
even after the adjustment for BMI in both sexes. Leisure-
time exercise volume was inversely associated with the
prevalence of metabolic syndrome and some of its traits in
men and with the prevalence of obesity in women, inde-
pendent of daily life activity. Moderate-intensity exercise
might be more intensely associated with lower prevalence
of metabolic syndrome and its traits among the three
intensity levels in both sexes.

Physical exercise is one of the key preventive factors for
numerous chronic diseases [8—11]. In turn, a lack of phy-
sical exercise is a risk factor for many health disorders.
Excessive sedentary behavior, distinct from a lack of voli-
tional exercise, may be linked to various health problems
[12—15]. Physical activity can be roughly classified into two
categories: volitional exercise (namely, leisure-time exer-
cise) and non-exercise physical activity (namely, daily life
activity). Among the range of daily non-exercise life
activities, even low-intensity behaviors such as standing are
suggested to contribute to daily calorie expenditure [23]. In
contrast, sedentary behaviors such as assuming a sitting or
reclining position, which features a low-energy expenditure
(1.5 METs), is suggested to be associated with various
health problems [22]. Therefore, we calculated daily life
activity volume by including low-intensity behaviors such
as standing (2.0 METs) but not sitting. Moreover, total
duration of daily life activity may be affected by sleep
duration, because staying awake duration might be tended
to be longer in a person with shorter sleep duration.
Therefore, sleep duration was included as a covariate in
multivariate-adjusted models (Models 2 and 3).

We determined here that a higher daily life activity
volume was associated with a lower prevalence of meta-
bolic syndrome independent of leisure-time exercise in
Japanese men and women. This finding is fundamentally

@ Springer

concordant with those of previous reports focusing on the
associations between sedentary behaviors and the risk of
metabolic syndrome [23-25].

Interestingly, among the five traits of metabolic syn-
drome defined by the modified NCEP ATP III criteria, as
daily life activity volume increased, the prevalence of a low
HDL-cholesterol markedly decreased in a proportional
fashion independent of leisure-time exercise in both men
and women (Model 2). Further adjustment for BMI (Model
3) did not substantially alter these inverse associations.
Moreover, daily life activity volume was inversely asso-
ciated with the prevalence of obesity in men but not in
women. Therefore, a higher daily life activity volume may
be associated with a lower prevalence of HDL-cholesterol
mainly thorough mechanisms besides decreases in BMI or
improvements in obesity. In contrast, as leisure-time exer-
cise volume increased, the prevalence of low HDL-
cholesterol tended to decrease independent of daily life
activity in both sexes, however, the proportional relation-
ships were not significant (Models 2 and 3). A circulating
low HDL-cholesterol level is a well-recognized risk factor
for cardiovascular diseases. Although few established fac-
tors raise circulating HDL-cholesterol levels, aerobic exer-
cise is one. It has been reported that circulating HDL-
cholesterol levels are higher in active women than inactive
women [26]. Although the mechanisms by which aerobic
exercise increases circulating HDL-cholesterol levels are
not elucidated in detail, the enhancement of lipoprotein
lipase (LPL) activity by aerobic exercise is considered a
primary mechanism as LPL is a key enzyme in triglyceride
uptake and HDL-cholesterol production [27]. Meanwhile,
sedentary behavior may be associated with low circulating
HDL-cholesterol levels [24]. LPL has been extensively
studied at the cellular level during physical inactivity, and
muscle LPL activity is reduced during physical inactivity
[28-30]. Low LPL activity is demonstrated to lead to atte-
nuated plasma triglyceride uptake and reduced plasma
HDL-cholesterol levels [28, 31]. In our study, lower pre-
valence of low HDL-cholesterol was closely associated with
higher daily life activity volume. Daily non-exercise life
activity that is more abundant and frequent than leisure-time
exercise may be more important for increasing circulating
HDL-cholesterol levels.

Among the three leisure-time exercise intensity levels,
moderate-intensity exercise was most closely associated
with a lower prevalence of metabolic syndrome and some of
its traits in men and women. Although there may be
insufficient statistical power and estimated odds ratios
might be unstable in cases of vigorous-intensity exercise
because few subjects performed vigorous-intensity exercise;
this finding is plausible because aerobic exercise at appro-
priate intensities is recognized to be beneficial for pre-
venting obesity and metabolic disorders. Because the
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viewpoint of easy practice and easy continuation is very
important, moderate-intensity exercise is more suitable for
preventing metabolic disorders than vigorous-intensity
exercise. Lower prevalence of low HDL-cholesterol was
also observed in higher volume of moderate-intensity
exercise but not in vigorous-intensity exercise in men.
This observation is concordant with that of a previous study
reporting that vigorous exercise training is not associated
with increase in LPL activity in fast-twitch muscle fibers
[24].

The strength of the present study is that the sample size is
considerably large. In addition, we obtained detailed
information on daily life activity and leisure-time exercise
including volume according to intensity. We also obtained
information about various potential confounding factors and
adjusted them in the analyses, although unadjusted or
residual confounding factors may remain.

This study has several limitations. First, due to its cross-
sectional design, the causal relationships of daily life
activity and leisure-time exercise with metabolic syndrome
and its traits should be interpreted with caution. Second, as
information on daily life activity, leisure-time exercise, and
other lifestyle factors was obtained using a self-reported
questionnaire, misclassifications may be inevitable. How-
ever, such a misclassification might be non-differential and
attenuate the true associations. Third, we defined metabolic
syndrome and obesity using BMI instead of waist cir-
cumference; however, BMI may not rigorously reflect
central obesity. Finally, as most of our subjects were
Japanese, our results may not be applicable to other ethnic
populations.

In conclusion, our study demonstrated that daily life
activity volume is inversely associated with the prevalence
of metabolic syndrome independent of leisure-time exercise
in Japanese men and women. A higher daily life activity
volume was especially associated with a considerably low
prevalence of low HDL-cholesterol in both
Encouraging abundant usual physical activity in daily life
and appropriate leisure-time moderate-intensity exercise
might be advisable for preventing metabolic disorders.
Further prospective studies are needed to clarify the causal
and conclusive preventative effects of daily life activity and
leisure-time exercise against metabolic syndrome and its
traits.
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