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Changes in Metabolic Syndrome and Its Components
with Lifestyle Modification in Japanese Men

Nobuyuki Miyatake ', Masafumi Fujii’, Motohiko Miyachi®, Izumi Tabata®, Suzue Takeshi*,
Tomohiro Hirao* and Takeyuki Numata’

Abstract

Objective Changes in metabolic syndrome and its components with lifestyle modification were evaluated in
Japanese men.

Methods We used data for 160 Japanese men (45.6+8.8 years) with a 1-year follow up. Anthropometric,
blood examination and blood pressure measurements were evaluated. Metabolic syndrome was defined by us-
ing a criterion in Japan. All subjects were given instructions by well-trained medical staff on how to change
their lifestyle.

Results With a 1-year follow-up, anthropometric parameters, blood pressure (BP), triglyceride and HDL
cholesterol were significantly improved and the prevalence of metabolic syndrome was significantly reduced.
The number of subjects with abdominal obesity at baseline and at follow-up was higher (81 men) than that
of subjects with other components at baseline and at follow-up. Parameters at baseline were significantly cor-
related with changes in parameters for one year. With lifestyle modification, the level of 163 mmHg in sys-
tolic BP (SBP), 115 mmHg in diastolic BP (DBP), 226 mg/dL in triglyceride and 33 mg/dL in HDL choles-
terol at baseline was estimated to improve to the level without medications with a 1-year follow up.
Conclusion Lifestyle modification is useful for improving metabolic syndrome and its components. How-
ever, items of metabolic syndrome were improved, even when the abdominal circumference was greater than
the normal value for Japanese men.

Key words: lifestyle modification, metabolic syndrome, blood pressure
(Inter Med 49: 261-265, 2010)

(DOI: 10.216%/internalmedicine.49.2900)

based on the following from the Japanese Society of Hyper-

Introduction

Metabolic syndrome, characterized by abdominal obesity,
has become a public health challenge and common disorder
in Japan (1). For example, we have previously described
that 30.7% of men and 3.6% of women were diagnosed as
having the metabolic syndrome (2). Metabolic syndrome is
closely related to elevated hepatic enzymes (3), uric
acid (4), reduced exercise capacity (5, 6) and cardiovascular
disease (7). Therefore, proper management of metabolic syn-
drome is urgently required.

The recommendation for medication for hypertension is

tension (http://www.jpnsh.org/, accessed on June 15, 2009.):
blood pressure (BP)=140/90 mmHg, dyslipidemia is de-
fined as triglyceride=150 mg/dL, LDL cholesterol=140
mg/dL, HDL cholesterol<40 mg/dL from the Japan Athero-
sclerosis Society (http://jas.umin.ac.jp/, accessed on July 15,
2009) and diabetes mellitus=126 mg/dL in fasting plasma
glucose from the Japan Diabetes Society (http://www.jds.or.
jp/, accessed on July 15, 2009). In addition, lifestyle modifi-
cation has been considered as useful and an essential
method for preventing and improving these disorders. How-
ever, whether a lifestyle modification is beneficial for im-
proving metabolic syndrome and its components, and what
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Table 1. Clinical Profiles and Changes in Parameters with Lifestyle Modifica-
tion with a I-year Follow Up in Japanese Men

Baseline Follow up D
Number of subjects 160
Age 456 = 8.8
Height (cm) 1687 *+ 55
Body weight (kg) 749 = 111 735 = 10.2 <0.0001
Body mass index (kg/m?) 26.3 = 3.7 258 = 3.3 <0.0001
Abdominal circumference (cm) 88.2 = 99 86.5 = 9.1 <0.0001
Hip circumference (cm) 96.7 = 5.7 959 =+ 52 <0.0001
SBP (mmHg) 130.8 = 148 1234 + 124 <0.0001
DBP (mmHg) 825 = 109 715 = 93 <0.0001
Triglyceride (mg.dL) 1452 4 940 119.8 = 76.5 0.0005
HDL cholesterol (mg/dL) 501 £ 144 56,1 =+ 15.1 0.0108
Blood sugar (mg, dL) 102.0 + 19.2 1024 & 25.6 0.7478

Mean &= SD
SBP: Systolic blood pressure
DBP: Diastolic blood pressure

effects such a modification has on metabolic syndrome and
its components remain to be investigated in a longitudinal
analysis. In this study, we evaluated the effect of lifestyle
modification on metabolic syndrome and its components in
Japanese men with a 1-year follow up.

Subjects and Methods

Subjects. We used data for 160 Japanese men, aged
45.6x8.8 years who met the following criteria: 1) received
an annual health check-up every year with a follow up dura-
tion of l-year, 2) received no medications for diabetes, hy-
pertension, and/or dyslipidemia, and 3) provided written in-
formed consent (Table 1).

In 2008, the Ministry of Health, Labor, and Welfare of Ja-
pan started to undertake a specific health check-up and spe-
cial health guidance for preventing lifestyle-related diseases
(http://www.mhlw.go.jp/bunya/shakaihosho/iryouseido01/info
02a.html, accessed on Oct 11, 2009). At the first annual
health check-up, all subjects were given instructions by
well-trained medical staff on how to change their lifestyle as
the special health guidance. Nutritional instruction was pro-
vided with a well-trained nutritionist, who planned the diet
for each subject based on their data and provided simple in-
structions (i.e. not to eat too much and to consider balance
when they eat). Exercise instruction was also provided by a
well-trained physical therapist, who encouraged each subject
to increase their daily amount of steps walked. At the sec-
ond health check-up, medical staff subjectively evaluated
changes in their lifestyle and the subjects with an evaluation
of over the level of recommendation for medications were
encouraged to receive medications.

Ethical approval for the study was obtained from the Ethi-
cal Committee of Okayama Health Foundation.

Anthropometric and body composition measurements.
Anthropometric and body compositions were evaluated
based on the following parameters: height, body weight, ab-
dominal circumference and hip circumference. Body mass
index (BMI) was calculated by weight /[height]*(kg/m’). Ab-
dominal circumference was measured at the umbilical level
and hip circumference was measured at the widest circum-

ference over the trochanter in standing subjects after normal
expiration (8).

BP measurements at rest. Resting systolic and diastolic
BP (SBP and DBP) were measured indirectly using a mer-
cury sphygmomanometer placed on the right arm of the
seated participant after at least 15 minutes of rest.

Blood sampling and assays. Overnight fasting serum lev-
els of high density lipoprotein (HDL) cholesterol, triglyc-
erides (L. Type Wako TriglycerideeH, Wako Chemical,
Osaka) and serum glucose were measured.

Definition of metabolic syndrome. Men with a waist cir-
cumference in excess of 85 cm were defined as having
metabolic syndrome if they also had two or more of the fol-
lowing components: 1) Dyslipidemia: triglycerides=150
mg/dL. and/or HDL cholesterol<40 mg/dL, 2) High blood
pressure: blood pressure=130/85 mmHg, 3) Impaired glu-

" cose tolerance: fasting plasma glucose=110 mg/dL (1).

Statistical analysis. All data are expressed as mean *
standard deviation (SD) values. A statistical analysis was
performed using a paired t test and ¥’ test: p<0.05 was con-
sidered to be statistically significant. Simple correlation
analysis was used to test the significance of the linear rela-
tionship among continuous variables.

Results

Clinical profiles and changes in parameters with lifestyle
modification are summarized in Table 1. Body weight, BMI,
abdominal circumference and hip circumference were sig-
nificantly reduced after one year. SBP, DBP and triglyceride
were also significantly reduced and HDL cholesterol was
significantly increased with lifestyle modification. However,
blood glucose at baseline was similar to that at follow up,
and abdominal circumference was over the level of 85 cm at
follow up.

We also evaluated the changes in prevalence of metabolic
syndrome and its components (Table 2). Prevalence of meta-
bolic syndrome and its components i.e. abdominal obesity,
hypertension, dyslipidemia and impaired glucose tolerance
was significantly reduced with a 1-year follow up. The num-
ber of subjects with abdominal obesity [81 men (50.6%)] at
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Table 2. Changes in Metabolic Syndrome and Iis Components with Lifestyle Modifica-

tion after One Year

Abdominal circumference (=)

54
18

Abdominal circumference (=)
Abdominal circumference (+)

Hypertension (=)

53
48

Hypertension (~)
Hypertension (+)

Dyslipidemia ()

88
32

Baseline Dyslipidemia (=)
Dyslipidemia (+)

Impaired glucose tolerance (-)

Impaired glucose tolerance (-) 129
Impaired glucose tolerance (+) 8

Metabolic syndrome (=)

110
25

Metabolic syndrome (=)
Metabolic syndrome (+)

Follow up
Abdominal circumference (+)
<0.0001
81
Hypertension (+)
11 <0.0001
48
Dyslipidemia (+)
9 <0.0001
31
Impaired glucose tolerance (+)
<0.0001
20
Metabolic syndrome (+)
<0.0001

20

Table 3. Simple Correlation Analysis between Parameters at Baseline and Changes in Parameters with Lifestyle

Modification with a 1-year Follow Up

r p Single regression line Recommendation for medication Baseline level without
medications calculated by formula
SBP (mmHg) -0.596 <0.0001 y=—0.492x+56.951 y+x=140 163
DBP (mmHg) -0.626 <0.0001 y=—0.618x+45.959 y+x=90 115
Triglvceride (mg/dL) ~0.654 <0.0001 y=0.626x+54.488 y+x=150 226
HDL cholesterol (mg/dL) -0.270 0.0005 y==0.187x+12.101 y+x=39 33
Blood sugar (mg/dL) 0.052 0.5118
y: changes in parameters
x: parameters at baseline
=160 —
— n=16 — n=160
r=—0.596 r=—0.626
30 7] p<0.0001 0] , p<0.0001
] ® - ] ® :
0 =-0.492x+56.951 20 =
207 ® e © Y ] , © y=-0.618x+45.959
10 ) & Py 10] P g ®
o 0 S v a 0 @ ; ‘ ®
@ SR o |
2 -101 = -10 7 i ,
e —20 & 201 eo'.
2] , &e
5 307 0® 5 -30 ©9 @
@ 4 e
-40 : ® —40 7]
-50 TTTTT T T T T -rﬁ—vg‘l—l—r—rﬁﬂ =50 T T T T 4 ¥ 1
90 100 110 120 130 140 150 160 170 180 50 60 70 80 9 100 110 120
mmHg mmHg
SBP at baseline DBP at baseline
Figure 1. Simple correlation analysis between BP at baseline and changes in BP with a 1-year

follow-up in Japanese men.

baseline and at follow up was higher than that of subjects
with other components [hypertension: 48 men (30.0%),
dyslipidemia: 31 men (19.4%), impaired glucose tolerance:
20 men (12.5%)]at baseline and at follow up. Therefore, ab-
dominal obesity was persisted but metabolic parameters
were improved.

We ‘Tfurther investigated the link between parameters at
baseline and changes in parameters (Table 3, Fig. 1). SBP,
DBP, Triglyceride and HDL cholesterol at baseline were sig-
nificantly correlated with changes in each parameter. The
recommendation for medications was 140 mmHg in SBP, 90
mmHg in DBP, 150 mg/dL in triglyceride, 39 mg/dL in
HDL cholesterol and 126 mg/dL in fasting plasma glucose.
Therefore, the baseline level without medications was calcu-
lated by single regression line. The level of 163 mmHg in
SBP, 115 mmHg in DBP, 226 mg/dL in triglyceride and 33

mg/dL. in HDL cholesterol at baseline was estimated to im-
prove to the level without medications with a 1-year follow

up.

Discussion

In this study, the prevalence of metabolic syndrome and
its components was significantly reduced with lifestyle
modification with a 1-year follow up. In addition, the meta-
bolic parameters were improved without normalized ab-
dominal circumference.

There are some reports that show the link between life-
style modification and metabolic syndrome and its compo-
nents in a longitudinal analysis. Katzmarzyk et al reported
on the effects of 20 weeks supervised aerobic training pro-
gram on the prevalence of metabolic syndrome in 621 men
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and women who were enrolled in the HERITAGE Study.
30.5% of the participants with metabolic syndrome at base-
line were classified as not having the syndrome after the in-
tervention (9). Ekelund et al reported that the energy expen-
diture of physical activity predicts progression to metabolic
syndrome independent of aerobic fitness, obesity, and other
confounding factors followed by 5.6 years (10). The Kuopio
Ischemic Heart Disease Risk Factor Study (11) followed
several hundred men without the syndrome at baseline. After
four years, subjects in the upper one-third of VO.max at
baseline were 75% less likely than unfit men to develop
metabolic syndrome. Muzio et al reported that metabolic
syndrome was effectively treated by long-term diet (~500
calorie/day deficit) and lifestyle therapy alone in 37% of
obese, nondiabetic patients (12). By using the criterion de-
veloped in Japan, Okura et al recently reported that 67
women with metabolic syndrome were treated with a 14-
week weight loss program, which included a low-calorie
diet and aerobic exercise. The adjusted odds ratios for meta-
bolic syndrome improvement in the two interventions with
diet alone and diet plus exercise were 1.0 and 3.68. In addi-
tion, VO.max in subjects on the low-calorie diet and aerobic
exercise treatment was 22.9+3.2 mL/kg/min at baseline and
27.0£3.8 mL/kg/min after intervention (p<0.001) (13). In
this study, although the difference of blood sugar between at
baseline and at follow up was not noted, we found that the
prevalence of metabolic syndrome and its components in-
cluding impaired glucose tolerance was significantly reduced
with lifestyle modification after one year. Abdominal obe-
sity, which is one of the targets for management of meta-
bolic syndrome, was not improved to the normal range.
However, the metabolic parameters were improved without
normalized abdominal circumference. The diagnosis of
metabolic syndrome is a caution for the general people to be
careful in the healthy life, and these are not criteria for diag-
nosis of a definite disease to be treated with drug admini-
stration or with specific medication (14, 15). Taken together,
these changes in metabolic components with lifestyle modi-
fication would be expected to reduce the risk of cardiovas-
cular diseases or glucose metabolism.

The Japan Society of Hypertension recommends that life-
style modification is essential for improving hypertension
and medications should be considered after one or three

months’ lifestyle modification in subjects with low or mod-
erate risk. Medications are immediately recommended in
subjects with high risk (http://www.jpnsh.org/, accessed on
June 15, 2009).

The Japan Atherosclerosis Society and the Japan Diabetes
Society also recommended that lifestyle modification is es-
sential in the first place. We explored that the clinical pa-
rameters i.e. BP, triglyceride and HDL cholesterol at base-
line were closely correlated with changes in these parame-
ters in subjects without medications with a 1-year follow up.
In addition, by using single regression line and the recom-
mendation for medications, the baseline level of parameters
without medications was calculated. The level of 163 mmHg
in SBP, 115 mmHg in DBP, 226 mg/dL in triglyceride and
33 mg/dL in HDL cholesterol at baseline was estimated to
improve to the level without medications after one year.
Through the concept of metabolic syndrome, the signifi-
cance of encouraging a reduction of abdominal obesity by
lifestyle modification as the first step for the management of
individuals with abdominal obesity has become strength-
ened (14). Although these results may be affected by higher
values and limited in the difference of parameters, the esti-
mated level in this study may be one of reference data for
improving metabolic syndrome with lifestyle modification in
preference to medications in some Japanese men. Further in-
tervention studies are necessary to test the effect of lifestyle
modification on metabolic syndrome.

Potential limitations still remain in this study. First, the
selected 160 subjects underwent an annual health check-up
every year with a follow-up duration of 1-year and received
no medication; they were, therefore, probably more health-
conscious than most of the average person. Second, the
small sample size makes it difficult to infer causality be-
tween lifestyle modification and metabolic syndrome. Third,
blood sugar did not significantly reduce and blood sugar at
baseline was not also associated with changes in blood
sugar with a 1-year follow up. These results suggest that an
improvement of metabolic risk factors may be different ac-
cording to the level of lifestyle modification.
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H, Gando Y, Miyachi M. Lack of carotid stiffening associated
with MTHFR 677TT genotype in cardiorespiratory fit adults.
Physiol Genomics 42: 259-265. 2010. First published April 20.
2010; doi:10.1152/physiolgenomics.00039.2010.—The TT geno-
type of C677T polymorphism in 5,10-methylenetetrahydrofolate re-
ductase (MTHFR) induces elevation of homocysteine level and leads
to atherosclerosis and arterial stiffening. Furthermore, cardiorespira-
tory fitness level is also associated with arterial stiffness. In the
present study. a cross-sectional investigation of 763 Japanese men and
women (18-70 yr old) was performed to clarify the effects of
cardiorespiratory fitness on the relationship between arterial stiffness
and MTHFR C677T gene polymorphism. Arterial stiffness was as-
sessed by carotid B-stiffness with ultrasonography and tonometry. The
study subjects were divided into high-cardiorespiratory fitness (High-
Fit) and low-cardiorespiratory fitness (Low-Fit) groups based on the
median value of peak oxygen uptake in each sex and decade. The
plasma homocysteine level was higher in the TT genotype of MTHFR
C677T polymorphism compared with CC and CT genotype individ-
uals. MTHFR C677T polymorphism showed no effect on carotid
B-stiffness, but there was a significant interaction effect between
fitness and MTHFR C677T polymorphism on carotid B-stiffness (P =
0.0017). In the Low-Fit subjects, carotid 3-stiffness was significantly
higher in individuals with the TT genotype than the CC and CT
genotypes. However, there were no such differences in High-Fit
subjects. In addition. B-stiffness and plasma homocysteine levels were
positively correlated in Low-Fit subjects with the TT genotype (r =
0.71, P < 0.0001), but no such correlations were observed in High-Fit
subjects. In CC and CT genotype individuals, there were also no such
correlations in either fitness level. These results suggest that the higher
cardiorespiratory fitness may attenuate central artery stiffening asso-
ciated with MTHFR C677T polymorphism.

peak oxygen uptake: arterial stiffness; homocysteine; 5,10-methyl-
enetetrahydrofolate reductase

ELEVATED PLASMA HOMOCYSTEINE level is considered a risk factor
for cardiovascular events and is associated with arterial stiff-
ness and atherosclerosis in subjects with some cardiovascular
risk factors (7, 15, 30, 36). High homocysteine levels may
impair endothelial function, increase oxidative stress, and alter
protein structure (5, 6, 37). Exposure of endothelial cells to
elevated homocysteine levels results in decreased availability
of nitric oxide (NO), which has vasodilatory and antiplatelet
effects, and impaired vascular function, which are early events
in atherogenesis (6, 29, 33, 35). Homocysteine metabolism
represents an interesting model of gene-environment interac-
tion (34, 38). Elevations in homocysteine may be caused by

Address for reprint requests and other correspondence: M. Miyachi, Na-
tional Institute of Health and Nutrition, 1-23-1 Toyama, Shinjuku, Tokyo,
162-8636, Japan (e-mail: miyachi@nih.go.jp).

genetic and environmental factors and by gene-gene and/or gene-
environment interactions. The enzyme 5,10-methylenetetrahydro-
folate reductase (MTHFR) catalyzes the irreversible conversion of
5,10-methylenetetrahydrofolate to 5-methyltetrahydrofolate (4). A
polymorphism of C677T (Ala—Val) in the gene encoding
MTHER is associated with decreased activity of the enzyme due
to thermolability (1). In individuals homozygous for the T (Val)
allele, a relative deficiency in the remethylation process of homo-
cysteine into methionine leads to mild to moderate hyperhomo-
cysteinemia, a condition recognized as an independent risk factor
for arterial stiffness and atherosclerosis (1, 34). Thus the variation
in MTHFR genetic sequence was shown to be associated with
differences in the development of cardiovascular disease and
related conditions, such as arterial stiffness and atherosclerosis.

Habitual exercise results in higher cardiorespiratory fitness
and reduced risk of cardiovascular disease, such as arterial
stiffness and atherosclerosis (8, 11, 12, 31). There have been
several cross-sectional studies regarding the relationship be-
tween cardiorespiratory fitness and homocysteine status. These
factors were reported to be independent regardless of sex (10)
or to be negatively associated in women but not in men (19).
Therefore, genetic variations in MTHFR, such as C677T poly-
morphism, may influence the effects of regular exercise and
plasma homocysteine status on arterial stiffness. Recently,
plasma homocysteine levels were shown not to be associated
with cardiorespiratory fitness after controlling for potential
confounders, including MTHFR C677T, in a cross-sectional
study of Swedish children and adolescents (26). However, it
remains unclear whether cardiorespiratory fitness level affects
the relationship between arterial stiffness and genetic varia-
tions in MTHFR.

We hypothesized that single-nucleotide polymorphism
(SNP) genotypes of C677T (Ala—Val) in exon 5 of MTHFR
on chromosome 1 and cardiorespiratory fitness level may affect
arterial stiffness in healthy Japanese subjects. The present
study represents a cross-sectional investigation of 763 Japanese
men and women (18-70 yr) to clarify the effects of cardiore-
spiratory fitness on the relationship between arterial stiffness
and MTHFR C677T gene polymorphism.

METHODS

Subjects. A total of 763 Japanese subjects (239 men and 524
women) between 1§ and 70 yr of age participated in this cross-
sectional study (mean: 40 = 1 yr). The study population consisted of
sedentary or moderately active subjects who participated in swim-
ming, stretching, and healthy gymnastics programs (at least 60 min/
wk) and did not participate in any other vigorous sports activities.
Subjects were -divided into low-cardiorespiratory fitness (Low-Fit)
and high-cardiorespiratory fitness (High-Fit) groups, with the dividing
line set at the median value of peak oxygen uptake (VOzpcar), as an
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index of cardiorespiratory fitness. in each sex and decade [median
value of VOapear (mlkg™smin™") for 1830 yr old: men 47.1. women
36.7; 31-40 yr old: men 37.1, women 35.6; 41-50 yr old: men 34.7.
women 31.9: 51-60 yr old: men 31.8. women 29.3: 61-70 yr old: men
31.0. women 27.2]. The median values of VOapeur in the present study
were similar to the reference values included in the exercise guide-
lines established by the Ministry of Health. Labor. and Welfare of
Japan for prevention of lifestyle-related diseases (http://www.nih.
go.jpleiken/programs/pdi/epar2006.pdf). Subjects were recruited for
the present study by advertisement. All subjects were free of any overt
signs or symptoms of chronic disease. and all were nonsmokers.
Carotid B-stiffness (B-stiffness) and common carotid intima-media
thickness (ccIMT) were determined as indexes of arterial stiffness in
all subjects. Systolic blood pressure (SBP). diastolic blood pressure
(DBP), percent body fat. and MTHFR gene C677T polymorphism
were determined in all subjects. Body fat mass was determined for the
whole body with dual-energy X-ray absorptiometry (DXA) (Hologic
QDR-4500A scanner; Hologic. Waltham, MA). SBP and DBP were
measured at rest with a vascular testing device (Colin Medical
Technology, Tokyo. Japan). Serum cholesterol, triglyceride, and folic
acid levels and plasma glucose and homocysteine levels were also
measured.

The study was approved by the Ethical Review Board of the
National Institute of Health and Nutrition. Written informed consent
was obtained from all subjects before inclusion in the study.

Measurement of Vo_v,,c.(,k. VOzpea Was measured by an incremental
cycle exercise test using a cycle ergometer (828E; Monark, Varberg,
Sweden). The incremental cycle exercise began at a work rate of 90
W (60-120 W) in men and 60 W (30-90 W) in women, and power
output was increased by 15 W/min until the subjects could not
maintain a fixed pedaling frequency of 60 rpm. The subjects were
encouraged during the ergometer test to exercise at the level of
maximum intensity. Heart rate and rating of perceived exertion (RPE)
were monitored minute by minute during exercise. RPE was obtained
with the modified Borg scale (2). Voa was monitored during the last
30 s of each increase in work rate. Subjects breathed through a

- low-resistance two-way valve, and the expired air was collected in
Douglas bags. Expired Oz and CO- gas concentrations were measured
by mass spectrometry (ARCO-1000A; Arco System, Chiba. Japan),
and gas volume was determined with a dry gas meter (DC-5C;
Shinagawa Seiki, Tokyo, Japan). VOzpeax Was assessed by the attain-
ment of three of the following four criteria: 7) a plateau in Voo with
increases in external work, 2) maximal respiratory exchange ratio = 1.1,
3) maximal heart rate of the age-predicted maximum [208 — 0.7 X age
(yn)] = 90% (32), and 4) RPE = 18; the highest value of Vo, during
the exercise test was then designated as VOzpeusk.

Measurement of ccIMT. Carotid artery IMT was measured from the
images obtained with a Vivid i ultrasound system (GE Medical
Systems, Milwaukee, WI) equipped with a high-resolution linear
array broadband transducer as described previously (12, 18. 24).
Ultrasound images were analyzed with image analysis software (Im-
age J: National Institutes of Health, Bethesda, MD). At least 10 IMT
measurements were taken at each segment, and the mean values were
used for analysis. This technique has excellent day-to-day reproduc-
ibility (coefficient of variation 3 = 1%) for ccIMT.

Measurement of [3-stiffiess. A combination of ultrasound imaging
of the pulsatile common carotid artery with simultaneous applanation
of tonometrically obtained arterial pressure from the contralateral
carotid artery permits noninvasive determination of arterial compli-
ance (31). The carotid artery diameter was measured from images
obtained with an ultrasound system equipped with a high-resolution
linear array transducer. A longitudinal image of the cephalic portion
of the common carotid artery was acquired 1-2 ¢m proximal to the
carotid bulb. All image analyses were performed by the same inves-
tigator.

Pressure waveforms and amplitudes were obtained from the com-
mon carotid artery with a pencil-type probe incorporating a high-

fidelity strain gauge transducer (SPT-301: Millar Instruments: Hous-
ton, TX) (31). Because baseline levels of blood pressure are subject to
hold-down force, the pressure signal obtained by tonometry was
calibrated by equating the carotid mean arterial and diastolic blood
pressures to the brachial artery value (12. 18, 24, 31). The p-stiffness
indexes were calculated with the equation [In(PI/PO)}/((D1 — DOY/
DO]. where D1 and DO are the maximal (systolic) and minimal
(diastolic) diameters and PI and PO are the highest (systolic) and
lowest (diastolic) blood pressures. respectively. The day-to-day coef-
ficients of variation for carotid artery diameter. pulse pressure. and
B-stiffness were 2 = 1%. 7 % 3%. and 5 = 2%. respectively.

SNP genotyping. Genomic DNA was extracted from plasma butty
coats and buccal cells with a QlAamp DNA Blood Maxi Kit (Qiagen,
Tokyo. Japan). MTHFR SNP genotypes were determined by real-time
PCR with TagMan probes and an ABI Prism 7700 Sequence Detector
(Perkin-Elmer Applied Biosystems, Foster City, CA) as described
previously with minor modifications (16. 23). The gene-specific
primers and TagMan probes tor each SNP were synthesized with
Primer Express v.1.5 software (Perkin-Elmer Applied Biosystems)
according to the published DNA sequences for each SNP as follows:
C677T (Ala—Val) in exon 5 of MTHFR (NCBI accession no.
rs1801133). The sequences of the oligonucleotides used were as
follows: MTHFR forward: 5'-GCACTTGAAGGAGAAGGTGTCT-
3. MTHFR reverse: 5'-CCTCAAAGAAAAGCTGCGTGATG-3',
MTHFR/G probe: 5'-ATGAAATCGGCTCCCGC-3', MTHFR/A
probe: 5'-ATGAAATCGACTCCCGC-3'.

PCR 96-well plates were read on an ABI-7700 with the end-point
analysis mode of the SDS v.1.7a software package (Perkin-Elmer
Applied Biosystems). Genotypes were determined automatically by
the signal processing algorithms in the software.

Measurements of serum cholesterol. triglvceride, and folic acid
levels and plasma glucose and homocysteine levels. Fasting serum
concentrations of cholesterol and triglycerides and plasma concentra-
tions of glucose were determined by standard enzymatic techniques.
Plasma homocysteine level was analyzed by gas chromatography-
mass spectrometry. Serum folic acid level was determined by micro-
biological methods.

Statistical analysis. The MTHFR allelic frequencies were calcu-
lated with a gene-counting method, and Hardy-Weinberg equilibrium
was confirmed with the x>-test. Student’s #-test for unpaired values
was used to evaluate differences between High-Fit and Low-Fit
groups, and ANOVA was used to evaluate differences among geno-
type groups and differences among each genotype and fitness group.
Furthermore, the (-stiffness, ccIMT, and plasma homocysteine level
comparisons between the genotype groups in each High-Fit and Low-Fit
group were assessed by an analysis of covariance (ANCOVA) model that
included age as covariates. Values are expressed as means = SE. and P <
0.05 was taken to indicate significance.

RESULTS

Comparison of characteristics in low- and high-cardiorespi-
ratory fimess groups. In the High-Fit group, body weight, %fat,
and triglyceride levels were significantly lower than those in
the Low-Fit group. High-density lipoprotein (HDL) level was
significantly higher in the High-Fit group than in the Low-Fit
group (Table 1). There were no significant differences in age,
height, SBP, DBP, B-stiffness, ccIMT, total cholesterol, glu-
cose, homocysteine, or folic acid levels between the High-Fit
and Low-Fit groups (Table 1).

Comparison of characteristics benveen genotyvpes. We ana-
lyzed the MTHFR genotypes of the study subjects (Table 2),
and no significant differences were found in the frequency of
these polymorphisms between sexes. In addition, the allele
frequencies did not deviate from the expected Hardy-Weinberg
equilibrium.
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Table 1. Charucteristics of subjects in high-cardiorespiratory
fimess and low-cardiorespiratory fitness groups

Table 3. Genotvpes of MTHFR C677T and subject
characteristics

High-Fit Low-Fit
Age. yr 39+ ] 381
Body weight. g 58 E1* 60 = 1
Height. em 163 = 1 163 = 1
9 Fat 21.2 = (.3 264 =04
SBP. mmHg 12 £ P12 &
DBP. mmHg 65 =1 66 £ |
B-Stiffness, AU 8402 8.8 =03
ccIMT, mm 0.39 = 0.01 0.59 = 0.01
Total cholesterol, mg/dl 191 =2 190 =2
HDL cholesterol, mg/dl 69 = 1% 63 + 1
Triglycerides, mg/dl 67 =1 72x2
Glucose, mg/dl 89 = | 90 = |
Homocysteine. mmol/l 7.7 =02 7.6 =02
Folic acid. ng/ml 9.8 0.3 93*02
VOzpe, ml-kg™' -min™! 40.9 = 0.5* 31 =04

Values are means = SE. High-Fit, high cardiorespiratory fitness; Low-Fit,
low cardiorespiratory fitness: SBP, systolic blood pressure; DBP, diastolic
blood pressure; B-stiffness, carotid P-stiffness: AU, arbitrary units; ccIMT,
common carotid intima-media thickness; HDL. high-density lipoprotein:
VOmpear, peak oxygen uptake. *P < 0.05 vs. Low-Fit.

We next compared the characteristics of subjects with dif-
ferent gene polymorphisms (Table 3). In the MTHFR C677T
genotypes, plasma homocysteine level was significantly higher
in the TT genotype than in the CC and CT genotypes. There
were no significant differences in age, body weight, height,
Y%efat, SBP, DBP, B-stiffness, ccIMT, total cholesterol, HDL
cholesterol, triglycerides, glucose, homocysteine, folic acid, or
Vo0opeak between these groups.

Comparison of characteristics between genotrvpes and car-
diorespiratory fitness groups. We compared the characteristics
of subjects with different genotypes and fitness levels (Table 4). In
the MTHFR C677T genotypes in the High-Fit group, body
weight (vs. CT and TT genotypes), %fat (vs. all genotypes),
and triglycerides (vs. TT genotypes) were significantly lower
than those in the Low-Fit group, and HDL cholesterol level (vs.
CT and TT genotypes) and VOapeac (vs. all genotypes) were
significantly higher than those in the Low-Fit group. Vozpear in
the High-Fit group with TT genotype was lower than those in
the CC and CT genotypes. There were no significant differ-
ences in age, height, SBP, DBP, ccIMT, total cholesterol, HDL
cholesterol, glucose, or folic acid between genotypes or car-
diorespiratory fitness groups.

Comparison of arterial stiffness and plasma homocysteine
levels between genotypes and cardiorespiratory fitness groups.
There was a significant interaction effect of fitness and

Table 2. Distribution of gene polymorphisms of MTHFR
(C677T) and allele frequency in study subjects

Total Male Female
Genotypes, %
ccC 35(268) 41 (97) 33 (171
CT 50 (384) 44 (106) 53(278)
TT 15(11h 15 (36) 14.(75)
Allele frequency
MTHER (C allele) 0.65 059 - 0.67

Numbers of subjects are indicated in parentheses. Genotype frequencies did
not deviate from Hardy-Weinberg equilibrium. No difference was found
between sexes. MTHFR, 5,10-methylenetetrahydrofolate reductase.

MTHFR C677T

cC cT TT
Age, vr 40 =1 391 4l x2
Body weight. g 59 %1 58 =1 591
Height. cm ted4 = 1 162 = 1 162 = 1
GFat 23305 241 204 243207
SBP. mmHg 3=l 112 =1 14 =
DBP. mmHg 66 * | 66 + 1 67 + 1
B-Stiffness, AU 85 x0.3 82 +0.2 9.2 206
ccIMT, mmn 0.39 = 0.01 0.59 = 0.01 0.60 = 0.01
Total cholesterol. mg/dl 91 =2 91 £2 196 = 4
HDL cholesterol, mg/dl 66 = | 66 = | 65 % |
Triglycerides, mg/dl Tt =2 69 = 1 702
Glucose, mg/dl 90 = 1 89 = 1 90 = |
Homocysteine, mmol/l 74 0.1 74 =*0.1 9.7 £ 0.5%}
Folic acid. ng/ml 9802 95*03 8.7 =04
VOzpear, ml-kg™ ! min~! 36.4 =07 359+ 0.6 357 %09

Values are means = SE. #*P < 0.05 vs. CC; 7P < 0.05 vs. CT.

MTHFR C677T polymorphism on @-stiffness (P = 0.0017)
but not on ccIMT (P = 0.6020). The B-stiffness of subjects
with the TT genotype of MTHFR C677T in the Low-Fit group
was significantly higher than that of individuals with the CC
and CT genotypes, but there were no significant differences in
B-stiffness of subjects with CC, CT, and TT genotypes in the
High-Fit group (Fig. 1). However, there were no significant
differences in ccIMT between MTHFR genotypes in the Low-
Fit and High-Fit groups (Table 4). In addition, there was a
significant association between plasma homocysteine level and
MTHFR C677T polymorphism (P < 0.0001). The plasma
homocysteine concentrations in subjects with the TT genotype
of MTHFR in both Low-Fit and High-Fit groups were signif-
icantly higher than those of individuals with the CC and CT
genotypes in each fitness group (Fig. 2).

To further explore the possible relationship between arterial
stiffness (B-stiffness) and plasma homocysteine levels, we
performed regression analyses between (-stiffness and plasma
homocysteine level (Fig. 3). In the Low-Fit group, there were
positive and significant correlations between (-stiffness and
plasma homocysteine level in the individuals with the TT
genotype of MTHFR (y = 0.78x + 2.80, r = 0.71, P <
0.0001). There were no significant correlations for the CC and
CT genotypes. In the High-Fit group, there were no significant
correlations for any of the MTHFR genotypes (Fig. 3). The
slopes of the regression lines were significantly different be-
tween High-Fit and Low-Fit groups in TT genotype of MTHFR
(P < 0.05). There was a slight significant correlation between
plasma homocysteine and Voapear (v = 0.04x + 6.06, r = 0.16,
P < 0.05).

DISCUSSION

The present cross-sectional study demonstrated the associa-
tions among arterial stiffness, cardiorespiratory fitness, and
polymorphisms in the MTHFR gene in Japanese subjects.
Plasma homocysteine concentrations were significantly higher
in individuals with the TT genotype of MTHFR than in those
with the CC and CT genotypes in each fitness group. Interest-
ingly, in the Low-Fit subjects carotid B-stiffness was higher in
the TT genotype individuals than in those with the CC and CT
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Table 4. Characteristics of subjects in each cardiorespiratory fitness and genotvpe of MTHFR C677T group

Low-Fit High-Fit

cC CT T cC CT T
Age, yr 39 =1 8= 37=x2 38 = Kb 4l =2
Body weight, g 60 = 1 60 = 1 61 =2 59 %1 581 57 x ¥
Height, cm 164 = 1 162 * | 164 = 1 lod+ =1 163 = | 162 = |
G Fat ) 253 0.7 269 *+ 0.5 271 % LI 20.7 * 0.6% 21.0 + (.5¢ 227+ 0.8%
SBP. mmHg =1 112+ 1 13+3 3= 1 12 =1 =2
DBP. mmHg 66 * | 66 * 1 69 = 1 66 = 1 65 = 1 66 = 1
ceIMT. mm 0.60 = 0.01 0.59 = 0.01 0.58 = 0.01 058 = 0.01 0.58 = 0.01 0.60 = 0.02
Total cholesterol, mg/dl 190 = 3 189 = 3 19306 189 =3 191 =3 195 =
HDL cholesterol, mg/dl 65+ 1 63 = 1 65 = | 67 =1 70 = 1% :
Triglycerides, mg/dl 753 70x2 75 x4 68+ 3 67 x2 64 = 4%
Glucose. mg/dl 89 =1 90 = 1 90 * | 90 = | 89+ 1 89 =1
Folic acid, ng/ml 9.8 =04 9.2 %03 8.4 =038 9.9 =04 99 =04 9.0 = 0.6
VOzpear, ml-kg™" -min~! 311 %038 30.6 £ 0.5 32914 414+ 0.9% 412208 381 & Ly

Values are means = SE. #*P < 0.05 vs. each genotype in Low-Fit; TP < 0.05 vs. CC and CT in High-Fit.

genotypes of MTHFR C677T. However, there were no such
differences in High-Fit subjects. In addition, B-stiffness and
plasma homocysteine levels were positively correlated in the
Low-Fit subjects with the TT genotype (r = 0.71, P < 0.0001)
but were not correlated in the other groups.

The TT genotype at C677T of the MTHFR gene was
associated with elevated plasma homocysteine level but
showed no effect on carotid arterjal stiffness in the present
study. Elevated plasma homocysteine level is associated with
vascular function and increased risk of arterial stiffness (7, 15,
30, 36), because exposure of endothelial cells to elevated
homocysteine levels leads to decreased availability of NO and
results in impairment of endothelium-dependent vasodilation
in humans (6, 29, 33, 35). In subjects with lower fitness, the TT
genotype at C677T of the MTHFR gene increased arterial
stiffness, but this was not seen in higher-fitness subjects.
Moreover, homocysteine level was positively associated with

P<0.01

(A.U)

B-stiffness

cC cT TT cc T 1T

Low-Fit High-Fit

MTHFR C677TxFitness P =0.0017

Fig. 1. Carotid B-stiffness (B-stiffness) of each fitness group and genotype of
5,10-methylenetetrahydrofolate reductase (MTHFR) gene polymorphism
(C677T. CC, CT, TT genotypes) of subjects in a cross-sectional study.
Subjects were divided into low-cardiorespiratory fitness (Low-Fit) and high-
cardiorespiratory fitness (High-Fit) groups, with the dividing line set at the
median value of peak oxygen uptake (VO as an index of cardiorespiratory
fitness, in each sex and decade as a cutoff. Differences in (-stiffness between
each fitness group and genotype were assessed by an analysis of covariance
(ANCOVA) model that included age as a covariate. Data are expressed as
means = SE for numbers of subjects indicated. AU, arbitrary units; NS, not
significant.

arterial stiffness only in lower-fitness subjects with the TT
genotype. Regular exercise improves endothelial function
through increased NO production and decreased endothelin-1
concentration (22). Hayward et al. (14) reported that exercise
training improved endothelium-dependent vasodilation under
conditions of homocysteine exposure, and this may contribute
to the increased endothelial nitric oxide synthase (eNOS)
protein levels and eNOS activity in the aorta of rats. Exercise
training induced changes in expression levels of vasodilation-
related molecules, including eNOS, in the aorta of rats with
improvement of arterial stiffness (21). Therefore, regardless of
elevated homocysteine level induced by the T allele of the
MTHFR C677T polymorphism, regular exercise is considered
to decrease stiffening in the central artery via improvement of
endothelial function. Thus regular exercise, which can main-
tain and obtain sufficient cardiorespiratory fitness, may be
needed to cancel the genetic negative effects of MTHFR
polymorphism in subjects with the TT genotype at C677T of
the MTHFR gene. :

In the present study, higher cardiorespiratory fitness did not
seem to be associated with elevated plasma homocysteine

P<0.01L

P<0.0]

(mumol/L)
12 —

P<0.01
P<0.01

I

Homocysteine
o0
|

4 B : ,:, s e
CT TT cC T TT
Low-Fit High-Fit

Fig. 2. Plasma homocysteine levels of each fitness group and genotype of
MTHFR gene polymorphism (C677T: CC, CT, TT genotypes) of subjects in a
cross-sectional study. Subjects were divided into Low-Fit and High-Fit groups,
with the dividing line set at the median value of VOzpeu, as an index of
cardiorespiratory fitness, in each sex and decade as a cutoff. Differences in
plasma homocysteine levels between each fitness group and genotype were
assessed by an ANCOVA model that included age as a covariate. Data are
expressed as means * SE for numbers of subjects indicated.

Physiol Genomics « VOL 42 + www.physiolgenomics.org

1102 ‘62 Iudy uo Bio ABojoisAyd-solwouabjoisAyd wody pepeojumod




FITNESS. ARTERIAL STIFFNESS. AND SNP OF MTHFR

263

Low-Fit High-Fit
ccC CC
y=024x+ 6.22.R=0.l6 y=028x+ 017 R=0.16
27.5 278
S s 225 °
<
- . ®
175 17.3
g g ° 2
£ 123 M 123 3 g..f
= °os - e
= -5 ) 7A ®
A e e B ®
23 - - 23 -
0 5 0 15 20 25 30 i} s 10 15 20 25 30
Homocysteine (mg/dL) Homocysteine (mg/dL)
¥ =0.02x% + 9.09. R = (0.0} y=024x+ 631 R =015
e
275 - 273 ° Fig. 3. Correlations between B-stiffness and plasma homo-
= s . 5 25 cygeine levels of each genotype of MTHFR gene polymor-
< ° < 175 phism [C677T: CC (1op), CT (middle), TT (bottom) geno-
w 175 ° @ B types]. Subjects were divided into Low-Fit (/efr) and High-
g 123 o Pon é 12.5 Fit ('rig/}t) groups, withA the div}diug}ine set at lhé mediz.m
= ° ° = . value of VOzpeuk, as an index of cardiorespiratory fitness, in
w75 ° ®e 0 = each sex and decade as a cutoff.
S =Y
a5 ° 2.5+ g
"”0 5 10 15 20 25 30 0 S 10 15 20 25 30
Homocysteine (mg/dL) Homocysteine (mg/dL)
TT TT
y = 0.78x + 2.80. R=0.7 1. p<0.0001 y=0.12x + 739, R=0.18
275 275 o
5 ms S s B
2 & .
v 115 7 175 o o o o
S 3 4 e °
g 123 E 125 }s ° : °
= - = - °
g s 2o e

[
n

. 25+
Y 5 10 15 20 25 30 0 5 10 15

Homocysteine (mg/dL)

levels in individuals with the TT genotype at C677T of the
MTHEFR gene. There have been several studies regarding the
association with homocysteine status according to varied car-
diorespiratory fitness levels and age. The relationship between
Vozpeaw and plasma homocysteine is unaffected in men or
women aged 30-59 yr (10) and inversely associated in women
(mean age 33.5 yr) but not in men (mean age 33.1 yr) (19).
Moreover, the relationship was unaffected in children and
adolescents (26), and a negative association was observed in
women but not in men (27). Inconsistent results were also
reported in athletes, in whom plasma homocysteine levels were
elevated (25) or decreased compared with untrained control
subjects (13). Thus the relationship between cardiorespiratory
fitness and homocysteine status was not consistent. This dis-
crepancy may be influenced by differences in physical fitness
level, age, and genetic effects, such as MTHFR C677T, in each
study. Although we extended our research effort to the asso-
ciation with MTHFR genotype, the present results could not
account for the discrepancy. Therefore, further studies are
required to examine differences in the relationship between
different physical fitness levels and plasma homocysteine lev-
els in various age groups.

Physiol Genomics » VOL 42+
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In the present study, subjects were divided into Low-Fit and
High-Fit groups, with the dividing line set at the median value
of VOspear in each sex and decade, which were similar to the
respective mean values for the Japanese population. It is
considered that a higher level of exercise than the mean value
for the Japanese population may be required to aftenuate
arterial stiffening in the TT genotype. However, further studies
are necessary to determine the required amount of exercise.

Carotid B-stiffness was higher in the TT genotype at C677T
of the MTHEFR gene in subjects with lower cardiorespiratory
fitness but was not altered in those with CC and CT genotypes.
However, there were no effects of SNP on arterial stiffness in
individuals with higher cardiorespiratory fitness. In contrast,
ccIMT, evaluated as the thickness of the carotid arterial wall,
was unaffected by the relationship between MTHFR C677T
genotype and fitness level. Previous studies demonstrated the
relationship between ccIMT and homocysteine levels in female
smokers (17), whereas no relationship was observed in patients
with atherosclerotic disease (28). de Bree et al. (10) reported no
effect of ccIMT or pulse wave velocity on increases in plasma
homocysteine levels in healthy middle-aged French subjects.
Thus measurements using carotid 3-stiffness may be a sensi-
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tive means of detecting the eftect of cardiorespiratory fitness
on stiffening in the central artery induced by MTHFR C677T
polymorphism in healthy subjects.

A previous study indicated the effects of plasma homocys-
teine level on the association between C677T and A1298C or
G1793A (3). Further studies are required to determine the
effects of fitness on the association between arterial stiffness
and MTHFR haplotype. In addition, Labayen et al. (20) re-
cently reported the effects of polymorphisms in the UCP3 gene
on plasma homocysteine levels during youth. Plasma homo-
cysteine level was higher in the TT and CT genotypes of the
151800849 polymorphism in the UCP3 gene compared with
individuals with the CC genotype after adjustment for sex, age,
pubertal status, folate and vitamin Bz intake, and MTHFR
C677T polymorphism. Moreover, the T allele of the rs1800849
polymorphism was associated with elevated homocysteine lev-
els in young subjects with low fitness, but not with moderate or
high cardiorespiratory fitness, indicating that cardiorespiratory
fitness modifies the association between the rs1800849 poly-
morphism and homocysteine. The UCP3 gene polymorphism-
induced increase in plasma homocysteine level in subjects with
low fitness may affect arterial stiffness. Therefore, further
studies are required to examine the effects of UCP3 gene
polymorphism on the relationships among homocysteine, fit-
ness, and arterial stiffness. Furthermore, although homocys-
teine is affected by endothelial function, we did not measure
endothelial function, such as flow-mediated diameter, plasma
NO, plasma endothelin-1, etc., in the present study. Therefore,
further studies are required to determine the endothelial func-
tion parameters and the effects of gene polymorphism and
fitness on homocysteine and endothelial function. Although it
is well known that dietary folate intake is a major determinant
of plasma homocysteine level, it could not be assessed in all
subjects in the present study. Further studies are required to
determine the effects of folate intake. Finally, the present study
population included only Asian (Japanese) subjects; therefore,
our data may not be applicable to other populations because
genotypic distribution appears to show ethnic differences.

We investigated the associations among cardiorespiratory
fitness, arterial stiffness, and C677T polymorphism of the
MTHFR gene in healthy Japanese subjects. The results of this
study indicated a lack of arterial stiffening associated with the
TT genotype at C677T of the MTHFR gene in cardiorespira-
tory fit subjects. Thus habitual exercise-induced cardiovascular
fitness may affect cardiovascular adaptations to molecular
variation in the MTHFR gene in Japanese subjects. However,
further studies are required to clarify the effects of fitness or
physical activity on the risk of cardiovascular disease associ-
ated with genetic factors.
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METs in Adults While Playing Active Video
Games: A Metabolic Chamber Study

MOTOHIKO MIYACHI, KENTA YAMAMOTO, KAZUNORI OHKAWARA, and SHIGEHO TANAKA
Health Promotion and Exercise Program, National Institute of Health and Nutrition, Shinjuku, Tokyo, JAPAN

ABSTRACT

MIYACHI, M., K. YAMAMOTO, K. OHKAWARA, and S. TANAKA. METs in Adults While Playing Active Video Games: A
Metabolic Chamber Study. Med. Sci. Sports Exerc., Vol. 42, No. 6, pp. 1149-1153, 2010. Purpose: Active video game systems controlled
through arm gestures and motions (Nintendo Wii Sports) and video games controlled through force plate (Wii Fit Plus) are becoming
increasingly popular. This study was performed to determine the energy expenditure (EE) during Wii Fit Plus and Wii Sports game
activities. Methods: Twelve adult men and women performed all the activities of Wii Sports (five activities: golf, bowling, tennis,
baseball, and boxing) and Wii Fit Plus (63 activities classified as yoga, resistance, balance, and aerobic exercises). Each activity was
continued for at least 8 min to obtain a steady-state EE. Because EE was assessed in an open-circuit indirect metabolic chamber
consisting of an airtight room (20,000 or 15,000 L), subjects were freed of apparatus to collect expired gas while playing the games.
MET value was calculated from resting EE and steady-state EE during activity. Results: The mean MET values of all 68 activities were
distributed over a wide range from 1.3 METs (Lotus Focus) to 5.6 METs (single-arm stand). The mean MET values in yoga, balance,
resistance, and aerobic exercise of Wii Fit Plus and Wii Sports were 2.1, 2.0, 3.2, 3.4, and 3.0 METs, respectively. Forty-six activities
{67%) were classified as light intensity (<3 METs), and 22 activities (33%) were classified as moderate intensity (3.0-6.0 METs). There
were no vigorous-intensity activities (>6.0 METs). Conclusions: Time spent playing one-third of the activities supplied by motion- and
gesture-controlled video games can count toward the daily amount of exercise required according to the guidelines provided by the
American College of Sports Medicine and the American Heart Association, which focus on 30 min of moderate-intensity daily physical
activity 5 dwk™'. Key Words: ENERGY EXPENDITURE, HUMAN CALORIMETER, METABOLIC EQUIVALENTS, Wii
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dults in developed countries are currently recom- energy expenditure (EE), which is associated with preven-
mended to take more than a half hour of moderate tion of obesity and lifestyle-related diseases (7,10). Several
to vigorous physical activity each day (6). How- studies indicated that playing new-generation active com-
ever, many individuals spend many hours sitting in front of puter games involves significantly greater EE than playing
their TV playing video games. More than half of American sedentary computer games but does not use as much energy

adults (53%) play video games, and about one in five adults as playing sport itself (3,4,8). The energy spent while
(21%) play every day or almost every day (9). This type of playing active Wii Sports games was not of sufficiently

sedentary behavior is causally linked to chronic diseases high intensity to contribute toward the recommended daily
and obesity (5,13). amount of exercise (3,4,8). However, EE for these activities

The active video game systems controlled through arm may have been underestimated because measurements were
gestures and motions (Wii Sports; Nintendo Inc., Kyoto, obtained using the Intelligent Device for Energy Expendi-
Japan) as well as the video games controlled through force ture and Activity (IDEEA) system (3) or indirect calorim-
plate (Wii Fit Plus; Nintendo Inc.) are becoming increas- eter with a facemask connected directly to an analyzer (4,8).
ingly popular. These systems may attenuate a sedentary The IDEEA does not detect arm or trunk movements well,
lifestyle and permit video game enthusiasts to increase their considering the principle for physical activity evaluation

(4,15), and therefore may underestimate EE. During
measurement of EE with a facemask, the subjects’ move-
ments were tightly restricted (4,8). This may result in
misleading conclusions regarding whether sufficient EE can
be obtained while playing any mode of Wii Sports or Wii
Fit Plus. Therefore, further research is needed to understand
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of Health and Nutrition, Toyama 1-23-1, Shinjuku, Tokyo 162-8636 Japan;
E-mail: miyachi@nih.go.jp.
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0195-9131/10/4206-1149/0 The present study was performed to determine EE and

MEDICINE & SCIENCE IN SPORTS & EXERCISEg MET during various modes of activity in Wii Sports and

Copyright © 2010 by the American College of Sports Medicine Wii Fit Plus software using an open-circuit indirect meta-
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measure whole-body EE and MET intensities while subjects
are freely playing the game.

METHODS

Subjects. Twelve Japanese men (r = 7) and women
(n = 5) participated in this study. All subjects were adults
(25-44 yr) and were free of chronic diseases that could
affect metabolism or daily physical activity. They had not
engaged in regular intensive sports or physical activity for
the past year. Informed consent was obtained from all sub-
jects. The study protocol was approved by the ethical com-
mittee of the National Institute of Health and Nutrition.

Experimental design. Each subject completed meta-
bolic chamber measurement under three different protocols
on three different days: sitting rest, Wii Fit Plus balance and
resistance exercises, Wii Fit Plus yoga and aerobic exer-

" cises, and Wii Sports. The order of these protocols was

randomly assigned for each subject. Resting metabolic rate
was evaluated immediately before performing activities of
Wii Fit Plus balance and resistance exercises in the
morning. Subjects abstained from meals and drink, except
water, for at least 5 h before entering the metabolic cham-
ber. Weight, height, and body composition analyzed by
bioelectrical impedance were measured immediately before
each session.

Wii Fit Plus software contains various activities consist-

" ing of 18 modes of yoga, 15 modes of resistance exercise,

16 modes of balance exercise, and 14 modes of aerobic
exercise. Wii Sports software includes five activities: golf,
bowing, tennis, baseball, and boxing. Each activity was
continued for at least 8 min to obtain the steady-state EE
separated by appropriate rest periods. Although game
lengths of each activity were initially from 1 to 4 min,
personal skills, fitness, and type of game resulted in
fluctuations in the game lengths. The games in all activities
were restarted immediately over and over again for 8 min.
All subjects began each activity at the beginner level, and
they performed these in an active fashion.

Metabolic chamber. The open-circuit indirect meta-
bolic chamber used consisted of an airtight room (20,000 or
15,000 L) equipped with a bed, a desk, a chair, a TV with a
video game player, a telephone, and a toilet. Thus, subjects
were freed of apparatus to collect expired gas while playing
the games. The temperature and the relative humidity in the
room were controlled at 25°C and 55%, respectively. The
oxygen (O,) and carbon dioxide (CO,) concentrations of
the air supply and exhaust were measured by mass
spectrometry. For each experiment, the gas analyzer

- (ARCO-1000A-CH; Arco System, Kashiwa, Japan) was

initially calibrated using a certified gas mixture and atmo-
spheric air. The flow rate exhausted from the chamber was
measured by pneumotachography (FLB1; Arco System).
The flowmeter was calibrated before each measurement,
and the flow rate was maintained at 60 L-min~' ambient
temperature pressure (ATP). O, consumption and CO,

production (VO, and VCO,, respectively) were determined
from the flow rate of exhaust from the chamber and the
concentrations of the inlet and outlet air of the chamber,
respectively (12). EE was estimated from VO, and VCO,
using Weir’s (14) equation. The accuracy and the precision
of our metabolic chamber for measuring EE as determined
by the alcohol combustion test were 99.2% + 0.7% (mean
SD) over 6 h and 99.2% * 3.0% over 30 min (2).

Each activity was continued for at least 8 min. The
metabolic chamber continuously analyzed O, and CO, con-
centrations for each gas and flow rate five times per minute
and calculated EE for each minute. The EE increased
progressively in the first 2-3 min of each activity, and then
steady-state EE was obtained from 3 to 8 min. Therefore,
we defined the mean value of EE for the last 5 min as
steady-state EE of each activity. This increase in EE within
a few minutes and the subsequent steady-state EE indicated
that our metabolic chamber method has sufficient sensitiv-
ity. MET value was calculated from resting and steady-state
EE during the activity.

Data calculation and analysis. All data are ex-
pressed as the means + SD. Data were analyzed using
one-way repeated-measures ANOVA with corrected post
hoc paired r-test. We used the Statistical Package for the
Social Sciences for Windows (SPSS Inc., Chicago, IL) for
statistical analyses, and P < 0.05 was taken to indicate
statistical significance.

RESULTS

The characteristics of the study subjects were as follows:
age = 34 * 6 yr, height = 167.4 + 7.6 cm, body weight =
64.3 = 15.0 kg, and percent fat = 22.3% + 3.9%. Figure 1
shows the MET intensities during gaming. There were no
significant differences in MET values between men and
women. Therefore, mean MET values of each activity were
calculated from the data of both sexes combined. The mean
MET values of all 68 activities were distributed over a wide
range from 1.3 METs (Lotus Focus: balance exercise) to
5.6 METs (single-arm stand: resistance exercise). The mean
MET values in yoga, balance, resistance, and aerobic ex-
ercise of Wii Fit Plus and Wii Sports were 2.1 + 0.6,
20£06,32+12, 3409, and 3.0 £ 0.9 METs, re-
spectively. The MET values of yoga and balance exercise
were significantly lower than those of resistance and aer-
obic exercise of Wii Fit Plus or Wii Sports. Forty-six ac-
tivities (67%) were classified as light intensity (<3 METs),
and 22 activities (33%) were classified as moderate in-
tensity (3.0-6.0 METs). There was no activity with inten-
sity >6.0 METs.

The MET values of playing Wii Sports versions of
activities were markedly lower than those of actual sports
activities reported previously as follows (1): golf = 3.0-4.5
METs, bowling = 3.0, tennis = 5.0-7.0 METs, baseball =
5.0 METs, and boxing = 6.0-12.0 METs. However, the
MET values of the Wii Fit Plus versions of yoga and
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Category Game Name MET

Yoga Deep Breathing 1.3+0.3
Men  24z05  Spinal Twist 1.6+0.4
Women 2.1+0.6 Cobra 2005
Al 24x06  Bridge 1.7£05
Shoulder Stand 22108
Half-Moon 1.8+0.3
Warrior 21+£03
Tree 2304
Sun Salutation 22+05
Standing Knee 22+03
Paim Tree ’ 18404
Chair 2.1+03
Triangle 2.2+04
Downward-Facing Dog 2.3+£07
Dance 23+0.6
Spine Extension 25+05
Gate 26+0.5 o
Grounded V 2.9+0.6 i
Balance Exercise Lotus Focus 1.3+04
Men 20+05 Balance Bubble 1.8+0.3
Women 1.9+ 0.6 Tightrope Walk 2.0+04 (we]
Al 20106  Skidump 2204 >
Table Tilt 1.8£0.6 %)
Penguin Slide 22+04 'a)
Ski Slalom 22x05 (V)
Snowboard Slalom 2407 h o
Soccer Heading 22+05 Fﬁ
Balance Bubble Plus 1.8+0.4 i rd
Table Tilt Plus 1403 0O
Tilt City 17404 m
Segway® Circuit 19205 wn
Snowball Fight 1.9+04
Big Top Juggling 2.0+038
Perfect 10 24404
Resistance Exercise Tricep Extension 1.7+0.3
Men 32412 Torso Twists 21£04
Women 3.2+1.3 Arm and Leg Lift 3.0x0.7 z
All 32+1.2 Lunge 2908 ll
Rowing Squat 3.6+£07 o
Single-Leg Twist 3.1+0.6
Sideways Leg Lift 26%0.6 -
Plank 25+05 : —
Push-up and Side Plank 4.0+1.4 :
Single-Leg Extension 3.2+£0.8 T
Jackknife 2.8+09 : -.
Single-Arm Stand 56+1.1 : ——t
Balance Bridge 35086 :
Side Lunge 3.0+05 SR
Single-LLeg Reach 4.0£0.8 < 5 i
Aerabic Exercise Free Step 3.3+0.8 T ———,
Men 3.4+09 Basic Step 3.1+0.6 :
Women 3.3+0.9 Rhythm Boxing 3.9+0.7 2 : 3
Al 34409 Hula Hoop® 4.2+1.2
Advanced Step 4.0+08 ;
Basic Run 51+1.0 § e H
Skateboard Arena 2906 l
Obstacle Course 3.2x05 S :
Driving Range 3.0£04 B : ¢
Island Cycling 27+0.5 -
Bird's-eye Bull's-eye 2704 # 2 ]
Rhythm Parade 3.1+0.3 - S
Rhythm Kung Fu 2906 l
Running Plus 4.0+07 ‘ 2 G A
Wii Sports Golf 20£0.3 ::_
Men 2808  Sowing 27206 KN
Women 3.1%0.9 Baseball 3.0x07 S
Al 3.0+0.9 Tennis 3.0£0.8 - -
Boxing 42+0.9 5 X e ;. i
0 1 2 3 4 5 6 7
Intensity (MET)
FIGURE 1—Mean values + SD of METs while playing Wii Fit Plus and Wii Sports.
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resistance exercise were similar to actual yoga (2.5 METs)
and resistance exercise (3.0 METSs) (1).

DISCUSSION

We determined EE and MET values during Wii Sports
and Wii Fit Plus game activities using an open-circuit in-
direct metabolic chamber. The main findings of the present
study were as follows. First, the mean MET values in yoga,
balance, resistance, and aerobic exercise of Wii Fit Plus
and Wii Sports were 2.1, 2.0, 3.2, 3.4, and 3.0 METs,
respectively. Second, 46 activities (67%) were classified as
light intensity (<3 METs), and 22 activities (33%) were
classified as moderate intensity (3.0-6.0 METs). There
were no vigorous-intensity activities (>6.0 METs). These
findings suggest that time spent playing one-third of the
activities supplied by motion- and gesture-controlled video
games can partially count toward the daily amount of
exercise required according to the guidelines provided by
the American College of Sports Medicine (ACSM) and the
American Heart Association (AHA) (6).

The ACSM or AHA physical activity guidelines (6)
focus on 30 min of moderate-intensity daily physical ac-
tivity 5 d'wk ™! or vigorous-intensity aerobic activity for a
minimum of 20 min for 3 d'wk~'. Moderate and vigorous
physical activities were generally defined as intensities of
3.0-6.0 and >6.0 METs, respectively (6). Twenty-two
(33%) of the 68 activities in Wii Fit Plus and Wii Sports
were classified as moderate-intensity activities on the basis
of MET intensity. Taken together, the observations of the
present study suggest that the time spent playing Wii Fit
Plus or Wii Sports can partially count toward the daily
amount of exercise required according to the guidelines
provided by the ACSM and the AHA (6). On the other
hand, Graves et al. (3) concluded that Wii Sports games
were not sufficiently vigorous to meet the guidelines for
daily physical activity in children. We speculate that this
discrepancy may be associated with differences in age of
subjects and of measurement methods in EE and MET
values (15).

Wii Sports gaming or Wii Fit Plus aerobic exercise in-
volved less EE than authentic sports or exercises (1) because
playing these active video games involved little horizontal
locomotion. However, these light to moderate activities may
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contribute to increased EE, and even the small energy gap
induced by the increased EE may be effective for prevention
of weight gain (7). Furthermore, there were no moderate- or
vigorous-intensity activities in Wii Fit Plus yoga and balance
exercise. However, we should emphasize that yoga and bal-
ance exercise are effective in improving flexibility and in fall
prevention, respectively (11). In addition, active computer
games stimulated positive activity behaviors: the players
were on their feet, and they moved in all directions while
performing basic motor control and fundamental movement
skills that were not evident during seated gaming. Given the
current prevalence of overweight and obesity, such positive
behaviors should be encouraged.

The strength of the present study is that the metabolic
chamber method could replicate the conditions under which
the subjects play the games in their home because subjects
were free from apparatus used to measure EE when playing
the game. In fact, the MET values of Wii Sports activities
in our study were slightly higher than those in previous
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CONCLUSIONS

We determined the MET values of Wii Sports and Wii
Fit Plus game activities under free-living conditions using an
open-circuit indirect metabolic chamber in healthy adults.
Time spent playing one-third of the activities supplied by
Wii Sports and Wii Fit Plus can count toward the daily
amount of exercise required according to the guidelines pro-
vided by the ACSM and the AHA, which focus on 30 min
of moderate-intensity daily physical activity 5 d'wk™'. Fur-
ther research is needed to investigate the efficacy of the
games on health promotion.
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Longer Time Spent in Light Physical Activity Is Associated
With Reduced Arterial Stiffness in Older Adults

Yuko Gando, Kenta Yamamoto, Haruka Murakami. Yumi Ohmori, Ryoko Kawakami, Kiyoshi Sanada.
Mitsuru Higuchi, Izumi Tabata, Motohiko Miyachi

Abstract—Habitual moderate-to-vigorous—intensity physical activity attenuates arterial stiffening. However, it is unclear
whether light physical activity also attenuates arterial stiffening. It is also unclear whether light physical activity has the
same effects in fit and unfit individuals. This cross-sectional study was performed to determine the relationships between
amount of light physical activity determined with a triaxial accelerometer and arterial stiffness. A total of 538 healthy
men and women participated in this study. Subjects in each age category were divided into either high-light or low-light
physical activity groups based on daily time spent in light physical activity. Arterial stiffness was measured by
carotid-femoral pulse wave velocity. Two-way ANOVA indicated a significant interaction between age and time spent
in light physical activity in determining carotid-femoral pulse wave velocity (P<<0.05). In the older group, carotid
femoral pulse wave velocity was higher in the low-light physical activity level group than in the high-light physical
activity level group (945=19 versus 882*16 cm/s; P<<0.01). The difference remained significant after normalizing
carotid-femoral pulse wave velocity for amounts of moderate and vigorous physical activity. The carotid-femoral pulse
wave velocity (r=-—0.47; P<<0.01) was correlated with daily time spent in light physical activity in older unfit
subjects. No relationship was observed in older fit subjects. These results suggested that longer time spent in light
physical activity is associated with attenuation of arterial stiffening, especially in unfit older people. (Hypertension.
2010;56:540-546.)
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Age—related arterial stiffening is associated with higher
incidences of cardiovascular mortality and cardiovascu-
lar events.! High levels of cardiorespiratory fitness (CRF)?
and physical activity (PA) from moderate- and vigorous-
intensity (brisk walking, jogging, aerobics, and other sports)
activities have been shown to attenuate arterial stiffening.?-¢
However, it is not clear whether light PA is also effective to
attenuate arterial stiffening.

Many previous studies indicated the impact of PA on
arterial stiffness. Although PA evaluation in these studies was
performed based on self-reported questionnaires,”™® subjec-
tive interpretation of questions and perception of PA may
lead to misclassification of the magnitude of activity.'® In
addition to the imprecision associated with such measures, it
is also difficult to determine the amount of light PA, such as
housework (ie, sweeping, mopping, and window washing)
and other unstructured activities, by questionnaire.!!

Recent studies using uniaxial accelerometers indicated the
impact of PA on arterial stiffness.®'? Sugawara et al® reported
that moderate and vigorous PA have favorable effects on
arterial stiffness, although light PA had no such effect.

However, uniaxial accelerometry does not detect horizontal
movements and may, therefore, underestimate the amount of
light PA. More recent studies demonstrated a stronger corre-
lation between counts obtained with triaxial accelerometry
and energy expenditure measured in a metabolic chamber in
comparison with counts from uniaxial accelerometry'*-'s and
validated the predicted energy expenditure in light PA ob-
tained with triaxial accelerometry.!3.'®

Objective evidence has been reported indicating that light
PA has a relatively high energy cost during daily living!3:7
and is beneficially associated with traditional risk factors.'s
Therefore, we hypothesized that the longer time spent in
light PA assessed by triaxial accelerometry may be asso-
ciated with reduced arterial stiffening. Moreover, it is also
unclear whether the effects of light PA are the same in fit
and unfit individuals. Evidence of an effect of such differ-
ences in fitness level would suggest possibilities for targeted
prevention. Therefore, we performed a cross-sectional study
to examine the relationships between PA at various intensities
obtained with triaxial accelerometry, CRF, and arterial
stiffness.
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