B AF-YERBOREOIHRE

QY P)THENEE B LDOWMER, BELZAK
LBA0) —HIRAFHI ba v FY THE TS
THEDHRELBME LT, Ho) —FIRAI +
Y P)THESEDBEDEZIE, EL{ZTA
NoNTBY, FOI EFMEBOIFHIPEEDF
BRiCxt3 %7 0) —HIROEMEZ FHHET 2HEH
EENTETWAS, LL, BFEOEEBD I b
AV F)TRZANVF-EERIRANVF—EED
HASOERIZISE L CESIICELT B LS &
LeEBERAHE, ZOL)RBARIIVEESHIRTE
ECHB.

ZZT,
7100

MR BMERICE BRESTON
. FOFER, 30% o) —#HIRIX PGC-1a
WKIMAT, I bay RYTPICRET HEBEZD:
AMICELIFHDOBIEIZLY, BREG2ELEKE
HEEOIMIVNY TEREMESERVWT EH
LN o7z,

5. AOV—-HIRFEELELEETINEYDSE

BPREICREFIRE

Fontana 5V IIBE R b MIEL 8 E X5 %
ETIVERERRE LT, SHPEREICRIZTSY
0 —HIROHRIIOVWTRFELHEL T 5,
ETNIZEBE, oy —FlIRIC L 2 EHPREEN
DHBREIETVEPIZL > TRKEL ER->TY
5. b MIBUIAEHIChAA2 O —HIROE
BUEIFHOERICOWTIE, B, HERER S0
FEeFBHL, BRLUEROU RS B ERTHZ &
WBHLATHBH, REBHER TRV ED
%L, SBROBELIMENLEING. T/, 20
BEICIZEER, ik, NI, ZLOELAEICES
SREETVEYDOEREHEL TV A%ERY 7
TVEESRRINTEY, EEHIRIZERENIC
(BBR), $AHVILIGF-1VRLVDETE2MLT
B (RER, Nz, HIE) Y7 F VEEERE
DEEXETIELEENTVE, 5|2, N
TIRHET B TOR % S6K 13EERE, i, nx, #
LTTIACLRFENTEY, o 0ERIC
DVNTHEMBEINTV B, EHrERESELEM
GREA D =X LIZDWTIELTOH A1 b rs
B8 & L7z v (www . sciencemag . org/cgi/content/
full/328/5976/321) .

104

EDOUIC-ADRBE-EF &£5147
 REAI—

P22 FEIRREE - RERATHEOBME(E4L
FEE, 20122k B L, £ETFHYT0~60EHL
D B RLHE (BMI 25 B k) O El & 13 B4
0RFEETHER L TBY, 40~60 BROLHTIZ
2BBETH 72 (KETIZ 20 BRADRLEDED
SEFBELTND). Lol, AALEEEIL
EEEROTE - WEXBWE L-EEFETEOY
BN BATHWEELENI LZHEL T
b, HFEBEROTE - UELHWE LIEET
BEOREBICHYHEATHEEQGOEL L) ngls
&, BH50%, THS8%THY, Z0idiciE
BOEFBTLATTVWEARIE, BHETIREN
BEZVWEICLTAEGOY —4HIRLTw
%) (4T%)FEDEL, LT, “BEE-{SA
EXBLIIZLTWE 45%), "B (&5
MEENTERNIIIZLTNS" (39%), &
Bed5LII1CLTV5B" (39%)ASHEV T,
—7, TETI, "BEELSABRB LI
LTWwa" 88%) B ®RdEL, "BH(HEL5)
TENTELRVWEIIZLTVWAS" (52%), “BA~N
BEZVWLIHIIILTwEIOY —HIBRLTWY

)" (B1%) AIZIZFMLETHEL 2o T/, T h

O EFHBEANCEBR S, PEEESEES
EEXRBLZ LB ZETh 3,

LIAT, IF5D Willcox B35 & hR{EE+
DIFIT L B “The Okinawa Program” #%“4 ¥ F
TREEFEER REHE, 2004) & LTERL
REH, "REEE - 45+ 7" HPHREMHICER
NTHL 10 FEELSBRB L. F0hhTES
CRMMER 7O 7T 413, (PR EZEFSIFCLE
RICREZT2HRDBAFEI LS. EOBES
ERDEHIT) —DEER, TAY DOEIHA
MERMNCD PO TWABRELAKLTWA Y
T2, ENLY SHICHEATVEL, TAY
N DT DEER, EENERDE RS LT
WAHRER FE->TWA. FNIL IR, BiA,
MR 2 EO TEILIEET 2L OBREEH
RETH), HER)LATRETH Y-V EE-
TWBAIZEEHIFDF v > A% 57T hal+



BRTWE, LAL, —FHT, “HWEIFPRETE
KB H (MBS 4 5 ATRFINMER, Bk
FE, 2004) OFECIE[MBEOM S B B0
REEILETRE-. EE¥HENRELL
2000 E D EEEHFIFETECE, YavF T
LEENER. BEIL UROFETREIRLE
{, S0RUTIIHFEALEFYE @S, F7-
BHEOFHEMIT, 1980 5F, 85 EICITLE L
DEEVZHo7-bDD, 0EIXSH, 95EIT 41
£ b, 2000 & 26 MICRE L] EDER
ENTWE, HEBIFERLTIZERL TSE(2012
E)TAETHA. FR2L2FEERER - FEHR
EREOWME(BEHBHE, 2012 bRL TS L
312, BE(Q20~69 #%) o ARG E (BMI - 25 B L)
DEEITIHBIEA45.2% T — X b7 v (EEF
3431.1%)TH Y, HFECELTH, 20EUED
BT 18 2(7,214 %) TLEFY (7,225 %) L[
LANVTHY, THETIEI6H(5,823 %) & £H
196,287 &) ke D THoTCWwWab, HEOR
HEBEHFEEST LI O — (TR F—) D -
LB, B - RELVIBRALSL, WRENS
HOREREOHBIER SN,
INETORERAEICL 2|ENS, H O
N —BEI & B RRWmAMER, FMICATT AT
RErRIZTIELEHLLTHY, EU2HD
J—HIRE BN L BT A NTF—HED,
R - RHFICAARTHL I LD, RBTRLA
F—FIlLoTHEHEXNS,

b4 8
1) Hoffmann, J. et al. : The Weight of the Nation.
St. Martin's Press, 2012.
2) Chakravarthy, M. V. et al. : HOT TOPICS Exer-

105

3)

4)

5)

6)

8)

9)

10)

11)

"HOU—HIR" A REEEORE S EMREEICRETRE

cise. Hanley & Belfus An Imprint of Elsevier,
Philadelphia, 2003.

Omodei, D. et al. : Review calorie restriction and
prevention of age-associated chronic disease.
FEBS Letters 585 : 1537-1542, 2011.

Fontana, L. et al. : Long-term calorie restriction
is highly effective in reducing the risk for ath-
erosclesis in humans. Proc. Natl. Acad. Sci. USA
101 : 6659-6663, 2004.

Villareal, D. T. et al. : Effect of lifestyle interven-
tion on metabolic coronary heart disease risk
factors in obese older adults. Am. J. Clin. Nutr.
84 . 1317-1323, 2006.

Weiss, E. P. et al. : Improvements in glucose
tolerance and insulin action induced by increas-
ing energy expenditure or decreasing energy
intake: a randomized controlled trial. Am. J.
Clin. Nutr. 84 : 1033-1042, 2006.

Fontana, L. et al. : Effects of long-term calorie
restriction and endurance exercise on glucose
tolerance, insulin action, and adipokine produc-
tion. Age 32 : 97-108, 2010.

Weiss, E. P. et al. : Lower extremity muscle size
and strength and aerobic capacity decrease
with caloric restriction but not with exercise-
induced weight loss. J. Appl. Physiol. 102 : 634-
640, 2007.

Murphy, J. C. et al. : Preferential reductions in
intermuscular and visceral adipose tissue with
exercise-induced weight loss compared with
calorie restriction. J. Appl. Physiol. 112 : 79-85,
2012.

Hancock, C. R. et al. : Does calorie restriction
induce mitochondrial biogenesis? A reevalua-
tion. FASEB J. 25 : 785-791, 2011.

Fontana, L. et al. : Extending healthy life span-
from yeast to humans. Science 328 : 321-326,
2010.



Vol.4, No.10, 838-844 (2012)
doi:10.4236/health.2012.410129

Health

Associations between muscular fithess and
metabolic syndrome: Cross-sectional study of
Japanese women and men

Ayumi Tanaka"?, Zhen-Bo Cao®, Yoshinobu Saito"*, Yoshitaka Kobori', Mitsuru Higuchi®

'Fujisawa City Health and Medical Foundation, Kanagawa, Japan

*Graduate School of Sport Sciences, Waseda University, Saitama, Japan; “Corresponding Author: ayumi-t@fhme.or.jp

3Faculty of Sport Sciences, Waseda University, Saitama, Japan

“Sports Medicine Research Center, Keio University, Kanagawa, Japan

Received 17 August 2012; revised 16 September 2012; accepted 28 September 2012

ABSTRACT

Metabolic syndrome (MetS) is a complex inter-
related risk factor for cardiovascular disease and
type 2 diabetes mellitus. High cardiorespiratory
fitness is known to coniribute to prevention of
MetS. However, little is known regarding the as-
sociation between muscular fithess and MetS in
Japanese adults. The purpose of this study was
to examine the associations between muscular
fithess and MetS in Japanese women and men.
This cross-sectional study included 335 women
and 209 men aged 30 - 79 y. MetS was deter-
mined according to the 2009 criteria of the In-
ternational Diabetes Federation. Muscular fit-
ness was evaluated by muscular fitness com-
posite score (MFS), which was determined using
Z scores from grip strength and sit-ups. Par-
ticipants were classified by MFS tertile into low,
middle, and high MFS groups. We used multiple
logistic regression analysis to estimate odds
ratios for the incidence of MetS in each group.
The prevalence of MFS was 27.2% in women and
27.3% in men. Adjusted odds ratios for MetS
prevalence in the low, middle, and high MFS
groups, after adjusting for age, smoking status,
alcohol intake, and exercise habits, were 1.0
(referent), 0.90 (95% confidence interval [CI],
0.50 - 1.62), and 0.49 (95% CIi, 0.25 - 0.94; P for
trend = 0.03) in women; in men, they were 1.0
(referent), 0.49 (0.23 - 1.04), and 0.42 (0.18 - 0.97;
P for trend = 0.04), respectively. Muscular fithess
is inversely associated with the prevalence of
MetS in Japanese women and men.

Keywords: Muscle Strength; Muscle Endurance;
Muscular Fitness; Metabolic Syndrome
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1. INTRODUCTION

Metabolic syndrome (MetS) is a clustering of central
obesity and cardiovascular disease (CVD) risk factors,
including abnormal blood pressure, lipids, and blood
glucose [1]. Insulin resistance occurring as a result of
visceral fat accumulation is a key factor in MetS and is
considered a strong predictor of CVD events [2]. Over
the past 2 decades, the prevalence of MetS has increased
in Japan as well as in Western countries. Because indivi-
duals with MetS have an elevated risk of developing type
2 diabetes [3,4] and CVD [5,6], strategies to prevent an
epidemic of this syndrome are urgently required [7].

~ The primary management approach for MetS is healthy

lifestyle promotion such as increased physical activity
and diet modification [8]. Because physical fitness (i.e.,
cardiorespiratory fitness [CRF] and muscular fitness) is
primarily determined by physical activity, high physical
fitness is thought to be effective for improving MetS.
Previous studies have demonstrated an inverse associa-
tion between CRF and MetS prevalence and suggested
that CRF is an independent predictor of MetS incidence
[9-11]. Compared with CRF, fewer studies have been
conducted on the association between muscular fitness
and MetS. While an inverse relationship between mus-
cular strength and MetS has been previously illustrated in
American [12,13], Australian [14], and European popula-
tions [15], this relationship has not been well studied in
populations of Japanese adults [16-18], especially Japa-
nese women. The purpose of this study was to examine
the associations between muscular fitness and MetS in
Japanese women and men.

2. METHODS
2.1. Subjects

The subjects were 335 women and 209 men, aged 30 -
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79 y, who underwent a baseline preventive medical exami-
nation and physical fitness tests between 2006 and 2010
and were recruited to participate in a training program
for health promotion at Fujisawa City Health and Medi-
cal Center. All subjects provided written informed con-
sent before enrollment in the study. This study was
approved by the Ethics Committee of Waseda University
and conducted in accordance with the spirit of the Decla-
ration of Helsinki.

2.2. Clinical Examination

All subjects received preventive medical examinations
at the medical institution in Fujisawa City The exam in-
cluded a measurement of height, body weight, waist cir-
cumference (WC), blood chemistry analyses (triglycerides,
TG; high-density lipoprotein, HDL-c; fasting blood glucose,
FPG), and resting blood pressure (BP; systolic blood
pressure, SBP; diastolic blood presser, DBP). Body mass
index (BMI) was calculated as body weight (kg) divided
by height squared (m?), and WC was measured at the
umbilicus with subjects in the standing position.

2.3. Criteria for MetS

MetS was defined as meeting 3 or more of the fol-
lowing criteria [19]: abdominal obesity (WC > 80 c¢m in
women, WC > 90 cm in men); high TG (>150 mg/dL or
taking medicine to lower TG); low HDL-c (<50 mg/dL
in women, <40 mg/dL in men); high BP (SBP > 130
mmHg or DBP > 85 mmHg, or taking medicine to lower
BP); and high FPG (>100 mg/dL or taking medicine to
lower FPG).

2.4. Muscular Fithess

Grip strength test, used as a proxy for overall strength
[20], was assessed using a handgrip dynamometer (ED-
DI0OPNR, Yagami, Nagoya, Japan) {21]. The subject
stood with the arm completely extended and squeezed
the dynamometer with maximum isometric effort. Grip
strength was measured twice on each side. The best of
the 4 grip measurements was use to characterize maximum
muscle strength. To account for differences in body size,
total handgrip was adjusted for body weight (kg).

Abdominal muscle endurance was evaluated by a sit-
up test [21]. The subject started in a lying position with
hands crossed over the chest, knees bent at a 90° angle,
and heels and feet flat on the floor. The subject had to
rise to a position with the elbows pointed forward until
they touched the thighs. The total number of correctly
performed and completed sit-ups within 30 s was
counted.

Muscular fitness was evaluated by muscular fitness
composite score (MFS), which was determined using Z

Copyright © 2012 SciRes.
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scores from grip strength and sit-ups.

2.5. Confounding Variables

Several confounding variables were included in the
analyses: age (y), smoking status (current, former, never),
daily alcohol intake (g/day), and exercise habits (never,
once/wk, 2 - 3 times/wk, 4 - 5 times/wk, 6 - 7 times/wk).
These variables were assessed by means of a question-
naire.

2.6. Statistical Analysis

Measured and calculated values are presented as mean +
SD or number (%). Participants were classified by MFS
tertile into low, middle, and high MFS groups. Analysis
of variance was used for continuous variables with a
normal distribution, the Kruskal-Wallis test was used for
continuous variables with a non-normal distribution, and
the chi-square test was used for categorical variables.
The association of muscular fitness with the risk of hav-
ing MetS was estimated using multiple logistic regres-
sion analysis adjusted for age (Model 1), and further ad-
justed for smoking status, alcohol intake, and exercise
habits (Model 2). The data were analyzed with SPSS
19.0 for Windows (IBM Japan, Tokyo, Japan). The sta-
tistical significance level was set at P < 0.05.

3. RESULTS

Table 1 shows the characteristics of individuals accord-
ing to MFS level. Women with the highest MFS de-
monstrated a significantly lower body weight, BMI, WC,
SBP, DBP, and TG level (P < 0.05) and a higher Grip
strength, Sit-ups, and HDL-c level (P < 0.01). Men with
the highest MFS were significantly younger and had a
lower body weight, BMI, WC, and TG level (P < 0.05)
and higher Grip strength, Sit-ups, and HDL-c level (P <
0.05). Women in the highest MFS tertile, but not men,
had a lower prevalence of MetS.

Adjusted odds ratios (ORs) for MetS prevalence in the
low, middle, and high MFS groups, after adjusting for
age, were 1.0 (referent), 0.92 (95% confidence interval
[CI]: 0.51 - 1.63), and 0.53 (95% CI, 0.28 - 0.99) (P for
trend = 0.04) in women; in men, they were 1.0 (referent),
0.48 (95% CI, 0.23 - 1.01), and 0.42 (95% CTI, 0.19 - 0.90)
(P for trend = 0.02), respectively (Figure 1, Model 1). In
addition, after further adjusting for smoking status,
alcohol intake, and exercise habits, adjusted ORs were
1.0 (referent), 0.90 (95% CI, 0.50 - 1.62), and 0.49 (95%
CI, 0.25 - 0.94) (P for trend = 0.03) in women; in men,
they were 1.0 (referent), 0.49 (95% CI, 0.23 - 1.04), and
042 (95% CI, 0.18 - 0.97) (P for trend = 0.04),
respectively (Figure 1, Model 2).

Table 2 shows age-adjusted and multivariate-adjusted

Openly accessible at hitp://www.scirp.org/journal/health/




840 A. Tanaka ef al. / Health 4 (2012) 838-844

Table 1. The characteristics of individuals across MFS tertiles.

‘Women (n = 335)

Low (n=111) Middle (n = 112) High (n=112)
Age (¥) 60.5+8.8 60.6+7.2 588+7.1
Height (cm) 1553 +5.1 155.1+5.1 1562+4.5
Body weight (kg) 58.5+82 546+6.5 51.8+5.6 .
BMI (kg/m?) 243+3.1 227425 212421 ”
WC (cm) 86.1 +8.8 81.5+7.7 774472 ”
SBP (mmHg) 126.2+ 14.4 1272+ 16.7 1219172 )
DBP (mmHg) 76.6+9.4 77.6+11.2 74.0 +10.8 '
HDL-c (mg/dL) 63.6+14.3 68.7+ 16.1 74.6 £17.4 ”
TG (mg/dL) 113.4+68.9 112.6 +62.7 90.5+48.7 *‘
FPG (mg/dL) 96.3+13.7 932+83 947 +14.7
Grip strength (kg/BW) 0.41 +0.06 0.47 £ 0.05 0.57+0.07 ”
Sit-ups (times/30s) 7.7£45 13.3£32 17.4+35 ”
Prevalence of metabolic syndrome 36 (39.6) 34 (37.4) 2123.1) )
Alcohol intake (g/day) 1.1£25 14+£26 1.1£22
Smoking status
Current 1(16.7) 4 (66.7) 1(16.7)
Former 14 (37.8) 7(18.9) 16 (43.2)
Never 96 (32.9) 101 (34.6) 95 (32.5)
Exercise habits (times/wk) ”
6-7 4(25.0) 4(25.0) 8 (50.0)
4-5 6 (24.0) 11 (44.0) 8 (32.0)
2-3 31(26.5) 39 (33.3) 47 (40.2)
1 33 (30.0) 39 (35.5) 38 (34.5)
0 37(55.2) 19 (28.4) 11 (16.4)
Men (n = 209)
Low (n=69) Middle (n = 70) High (n = 70)
Age (y) 66.6+ 7.4 65.5+6.9 62.7+96 *
Height (cm) 1673 +5.7 166.9+5.9 1658 +4.8
Body weight (kg) 69.6+10.0 67.5+6.6 63.8+8.5 "
BMI (kg/m?) 24933 242+19 232+25 ”
WC (cm) 88.4+738 86.8+5.6 81.5£7.0 .
SBP (mmHg) 1303+ 17.1 1320+ 16.6 129.6 + 15.4
DBP (mmHg) 80.4+10.6 80.5+9.6 78.8+11.6
HDL-c (mg/dL) 548+ 13.8 589+12.8 62.5+17.9 )
TG (mg/dL) 155.9+72.1 1204+ 54.8 1363+ 82.5 *
FPG (mg/dL) 102.7+16.9 982+ 15.6 99.5+13.3
Grip strength (kg/BW) 0.50 + 0.07 0.59 + 0.06 0.69 + 0.08 -
Sit-ups (times/30s) 11.9+3.7 16.6+2.7 212443 "
Prevalence of metabolic syndrome 26 (45.6) 16 (28.1) 15 (26.3)
Alcohol intake (g/day) 49+6.6 62+5.6 55+4.8
Smoking status
Current 12 (40.0) 10 (33.3) 8 (26.7)
Former 39 (31.5) 45 (36.3) 40 (32.3)
Never 18 (32.7) 15 (27.3) 22 (40.0)
Exercise habits (times/wk) -
6-17 1(7.7) 3(23.1) 9(69.2)
4-5 10 (23.8) 15 (35.7) 17 (40.5)
2-3 19 (33.3) 20 (35.1) 18 (31.6)
1 17 (29.8) 17 (29.8) 23 (40.4)
0 22 (55.0) 15 (37.5) 3(7.5)

Data are mean * SD or number (%). P< 0.05; *p < 0.01; BMIL: body mass index; WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic
blood pressure; HDL-c: high-density lipoprotein cholesterol; TG: triglyceride; FPG: fasting plasma glucose; BW: body weight.
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Figure 1. Adjusted odds ratios (ORs) for MetS prevalence in
the low, middle, and high muscular fitness composite score
(MFS) groups. Results are adjusted for age (Model 1), and
additionally adjusted for smoking status, alcohol intake, and
exercise habits (Model 2). Vertical bars indicate 95% CIs. Low:
Low MFS; Middle: Middle MFS; High: High MFS.
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ORs. In women, MFS was inversely associated with
HDL-c and WC. Age-adjusted ORs for the highest ver-
sus lowest tertiles were 0.17 (95% CI, 0.05 - 0.60; P for
trend < 0.01) for HDL-c and 0.18 (95% CI, 0.10 - 0.32; P
for trend < 0.001) for WC; multivariate-adjusted ORs for
the highest versus lowest tertiles were 0.15 (95% CI,
0.04 - 0.55; P for trend < 0.01) for HDL~c and 0.17 (95%
CL 0.09 - 0.32; P for trend < 0.001) for WC. In men,
MFS was inversely associated with TG and WC: age-
adjusted ORs for the highest versus lowest tertiles were
0.39 (95% CI, 0.19 - 0.79; P for trend < 0.01) for TG and
0.06 (95% CI, 0.02 - 0.22; P for trend < 0.001) for WC.
However, the MFS-TG relationship was attenuated after
further adjustment for smoking status, alcohol intake, and
exercise habits; multivariate-adjusted ORs for the highest
versus lowest tertiles were 0.54 (95% CI, 0.25 - 1.14; P
for trend < 0.09) for TG and 0.07 (95% CI, 0.02 - 0.25; P
for trend < 0.001) for WC.

4. DISCUSSION

In this cross-sectional study, we examined the association
between MFS levels and the prevalence of MetS and

Table 2. Adjusted odds ratios (95% Cls) for MetS risk factors across MFS tertiles.

Women (n = 335)

Low (n=111) Middle (n=112) High (n=112)
ORs 95%Cl ORs 95%C1 P for trend

BP
Model 1 1.00 0.98 (0.57 - 1.67) 0.61 (0.36 - 1.05) 0.07
Model 2 1.00 0.94 (0.54 - 1.62) 0.58 (0.33-1.02) 0.06
HDL-c
Model 1 1.00 0.85 (0.38-1.90) 0.17 (0.05 - 0.60) <0.01
Model 2 1.00 0.84 (0.37-1.88) 0.15 (0.04 - 0.55) <0.01

TG
Model 1 1.00 1.26 (0.72 -2.20) 0.86 (0.48 - 1.54) 0.60
Model 2 1.00 1.30 (0.74 - 2.30) 0.87 (0.48 - 1.59) 0.62

FPG
Model 1 1.00 0.46 (0.24-0.87) 0.62 (0.33-1.15) 0.10
Model 2 1.00 0.44 (023 -0.84) 0.56 (0.30 - 1.06) 0.06

wC
Model 1 1.00 0.38 (0.21 - 0.68) 0.18 (0.10-0.32) <0.001
Model 2 1.00 0.37 (0.21 - 0.68) 0.17 (0.09 - 0.32) <0.001

Men (n=209)
Low (n=69) Middle (n = 70) High (n=70)
ORs 95%Cl ORs 95%Cl P for trend

BP
Model 1 1.00 1.50 (0.74 - 3.04) 1.16 (0.57-2.33) 0.68
Model 2 1.00 1.28 (0.62 - 2.65) 0.84 (0.39 - 1.81) 0.70
HDL-c
Model 1 1.00 0.98 (0.27-3.57) 0.98 (0.26 - 3.64) 0.98
Model 2 1.00 1.27 (0.33-4.87) 0.90 (0.21-3.79) 0.80

TG
Model 1 1.00 0.27 (0.13-0.54) 0.39 (0.19-0.79) 0.01
Model 2 1.00 0.30 (0.15-0.62) 0.54 (0.25-1.14) 0.09

FPG
Model 1 1.00 0.36 (0.18 - 0.74) 0.68 (0.34-1.34) 0.24
Model 2 1.00 0.36 (0.17-0.74) 0.73 (0.35-1.54) 0.38

wC
Model 1 1.00 0.69 (0.34-1.43) 0.06 (0.02-0.22) <0.001
Model 2 1.00 0.72 (034-1.5D 0.07 (0.02 - 0.25) <0.001

Model 1 is adjusted for age; Model 2 is adjusted for age, smoking status, alcohol intake, and exercise habits; BP: blood pressure; HDL-c: high-density lipopro-
tein cholesterol; TG: triglyceride; FPG: fasting plasma glucose; WC: waist circumference.
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MetS risk factors in Japanese women and men. The
primary findings of this study were that 1) low MFS
levels were associated with greater risk of incident MetS
in women and men, and 2) low MFS levels were as-
sociated with higher prevalence of several MetS risk
factors after adjustment for age, smoking status, alcohol
intake, and exercise habits.

The inverse association between muscle strength and
the prevalence of MetS found in the present study is
consistent with the results of previous investigations [12-
14]. Jurca et al. reported this association in adult men
using a study of cross-sectional design. They found that
muscle strength (measured by one repetition maximal leg
press and bench press) was associated with a signifi-
cantly lower risk of developing MetS in men [12].
Further longitudinal analyses in adult men obtained
comparable results [13]. In addition, Atlantis et al.
reported an inverse association between muscle strength
(handgrip strength per lean mass of the arm) and the
prevalence of MetS in men [14]. The present study has
extended the previous results by revealing inverse
associations between MFS and the prevalence of MetS in
both women and men.

By contrast, other previous studies have reported a rela-
tionship between muscle strength and MetS risk factors
[15,22]. Wijndaele et al. reported that muscular strength
assessed by measuring isometric knee extension and
flexion peak torque was associated with the MetS risk
factors of TG, HDL-c, and clustered MetS risk factors in
women, and associated with clustered MetS risk factors
in men [15]. Aoyama ef al. examined the relationship
between grip strength and individual and clustered MetS
risk factors in Japanese men and women and found that
grip strength was inversely associated with plasma glucose
levels and clustered MetS risk factors in women [18].
Similar to previous studies, MFS was also associated
with lipid profiles and WC in this study.

Although their results are not directly comparable with
ours, Katzmarzyk ef al. found a significant inverse rela-
tionship between musculoskeletal fitness composite score
(calculated from the scores for sit-ups, push-ups, grip
strength, and trunk flexibility) and all-cause mortality [22]
and the incidence of type 2 diabetes among a Canadian
population [23]. In addition, Sawada et al. observed a
significant inverse relationship between muscular and per-
formance fitness index composite scores (summed Z
scores of sit-ups, side step, and functional reach) and the
incidence of type 2 diabetes in Japanese men [24]. In
their previous study, a significant inverse relationship was
observed between muscular fitness and all-cause mor-
tality and type 2 diabetes. These results suggest that
maintaining a high level of MFS may prevent the deve-
lopment of MetS and reduce the risk of type 2 diabetes
and mortality.

Copyright © 2012 SciRes.

111

Strength training may lower MetS risk, including im-
provement in TG and HDL-c [25], BP [26], central
adiposity and body composition [27], and whole-body
insulin action and glucose uptake [28,29]. The metabolic
effects of reduced muscle mass secondary to aging, de-
creased physical activity, or both contribute to the
presence of obesity, insulin resistance, type 2 diabetes,
dyslipidemia, and hypertension [30]. Skeletal muscle, the
primary tissue for glucose and triglyceride metabolism,
is a determinant of resting metabolic rate, and changes in
muscle mass may reduce multiple CVD risk factors [31].
Therefore, with the maintenance of high muscle strength,
such as that achieved by resistance training, may prove
effective for the prevention and treatment of MetS.

This study has some limitations. First, the causality of
relationships cannot be determined due to its cross-sec-
tional design. Longitudinal or interventional studies are
required to demonstrate this association further. Second,
our sample size is small. In order to better clarify these
relationships, future research should be done to increase
the sample size.

In conclusion, this study suggests that muscular fitness
is inversely associated with MetS in Japanese women
and men aged 30 - 79 y. This finding may indicate a pro-
tective effect of muscular fitness on MetS. Furthermore,
muscle fitness was associated with a better profile for
several risk factors of MetS.
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