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with adjustment for waist circumference.

Table 3. Relationships between sarcopenia and CVD risks by one-way analysis of covariance (ANCOVA)

Men (age 2 41 years)

Women ( age = 41 years)

Class 1 P values by Class 1 P values by

Normal sarcopenia one-way Normal sarcopenia one-way

(n=100) (n=63) ANCOVA (n=613) (n=156) ANCOVA
Waist C (cm) * 88.6+7.5 83.3+6.5 0.000 83.7£9.4 77.6+7.7 0.000
SBP (mmHg) 131.7£15.5 130.1£21.3 0.284 124.7£19.2 123.9£19.8 0.283
MBP (mmHg) 102.8+13.5 98.6+15.7 0.941 95.3%14.7 94.7+15.2 0.197
DBP (mmHg) 82.0£10.5 75.3+8.7 0.029 72.6+10.2 72.0+11.4 0.299
baPWV (cmes™) 1501+248 15344324 0.087 1340+219 1452+355 0.000
FPG (mgedl™) 95.6+8.4 94.8+10.3 0.513 94.0+8.8 96.1+9.0 0.137
HgAlc (%) 4.99+0.29 5.26+0.46 0.000 5.15+0.36 5.17+0.41 0.124
TG (mgedl™) 124.24+81.9 109.4+66.3 0.973 102.2+56.4 103.9+65.9 0.142
TC (mgedl™) 188.2+39.0 171.34£35.4 0.021 210.3+45.7 207.9+45.9 0.796
HDLC (mgedl'™) 56.1x13.5 57.9+14.7 0.253 65.6£14.7 69.1£15.3 0.427
TC/HDLC ratio 3.53+1.02 3.14+0.98 0.478 3.36+1.01 3.14+0.90 0.565
MetS No. 1.71£1.05 0.75£0.50 0.588 0.84:£0.87 0.63+0.82 0.155
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Waist C, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; MBP, mean blood
pressure; baPWV, brachial-ankle pulse wave velocity; TC; total cholesterol; TG, triglycerides; HDLC, high-
density lipoprotein cholesterol; FPG, fasting plasma glucose; MetS No., the number of metabolic syndrome

risk factors. Data are mean + SE (SEM) * Mean + SD is unadjusted and P values by Student unpaired t test.
Underline is P < 0.05.

reported that sarcopenia, independent of obesity, is associ-
ated with adverse glucose metabolism, and the association
is strongest in individuals under 60 years of age, which
suggests that low muscle mass may be an early predictor
of diabetes susceptibility”. They performed a cross-sec-
tional analysis of NHANES III data utilizing subjects aged
20 years or older, non-pregnant (N = 14,528). However
Aubertin-Leheudre et al. (2006) reported that sarcopenia
seems to be associated with lower risk factors predisposed
to CVD in obese postmenopausal women®”, They raise
the alarm that, with the increase in the number of aging
people, the health implications of being sarcopenic-obese
merit more attention. Certainly, obese women had higher
triglycerides and total cholesterol/high-density lipopro-
tein cholesterol (HDL) levels, and a lower HDL level,
than the sarcopenic-obese women; although no difference
was observed for other parameters, such as low-density
lipoprotein cholesterol, fasting insulin, glucose, insulin
sensitivity index, and C-reactive protein. In particular,
HOMAZ2, as an index of insulin resistance in sarcopenic-
obese women (163+52%), tended to be higher than that in
the obese women (130:£:52%). In addition, they recruited
sixty ostmenopausal women, aged 55 to 75 years, for
their study. The sample size is very small compared to the
cross-sectional study. Muscle mass may decline by 25%
between the ages of 50 and 75 years®”, which translates



JPFSM: Sarcopenia in Japanese adults

into atrophy or a decrease in the number of type II fibers
and a tendency toward an increase or maintenance of type
I fibers®®. Hence, because type Il fibres are recognized
as glycolytic and insulin-resistant’”, a decrease in their
number and size may explain how sarcopenia positively
alters glucose metabolism. Diabetes mellitus is associated
with severe muscle wasting, and insulin increases body
cell mass and body nitrogen in diabetic®®. It is not clear
to what extent loss of the anticatabolic effect of insulin
occurs in nondiabetic subjects as they age, but insulin
resistance could certainly play a role in the development
of sarcopenia®”. Stephen and Janssen reported that sar-
copenic obesity, identified based on muscle strength, but
not muscle mass, was modestly associated with increased
CVD risk®. These findings imply that strength may be
more important than muscle mass for protection against
CVD in old age. However, the reference values for sar-
copenia in this study were determined by bioimpedance
analysis. The relationship between sarcopenia and DXA
and CDV risk factors was not studied.

Conversely, although there was no significantly differ-
ence in serum concentrations of triglycerides, the total
cholesterol in sarcopenic men was significantly lower
than that of normal subjects, independent of waist circum-
ference. Aubertin-Leheudre et al. (2006) demonstrated
that obese women had a far worse lipid profile, including
lower HDL cholesterol and higher triglycerides, than did
sarcopenic-obese postmenopausal women®”. In addition,
obese women ingested significantly more animal and less
vegetable protein, although both groups had a similar total
protein intake in their study. We did not evaluate dietary
intake in this study. However, the lower total cholesterol
in sarcopenic men may be associated with a difference in
the components of their protein intake.

The brachial-ankle pulse wave velocity (baPWV), a
recognized indicator of arterial stiffness®® and arterial
compliance®”, has been regarded as a marker reflecting
vascular damage®. Substantial evidence has accumulated
indicating that arterial stiffness and increased baPWV are
important independent predictors of CVD events®”. The
amount of visceral fat is an independent predictor of pulse
wave velocity (PWV), and could be considered a risk
factor for CVD*. Our recent study shows that the age-
related increase in baPWV is attenuated in men trained
to row, who retained lean soft tissue mass as measured
by DXA*Y. However, the relationship between sarcope-
nia and arterial stiffness is not clear. Our findings in this
study show that baPWYV is significantly higher in women
with both class 1 and class 2 sarcopenia than in normal
controls, independent of waist circumference (Table 3).
A previous study indicated that greater leg lean mass was
the most important determinant of lower arterial stiff-
ness'. These results suggest that sarcopenia in women is
positively associated with arterial stiffness regardless of
waist circumference.
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Prediction of sarcopenia

Fuller et al. (1996) investigated that a comprehensive
number of body composition predictions (involving
weight, height, skinfold thickness, bioelectrical imped-
ance and near-infrared interactance-NIRI) were evaluated
against total body water (TBW from isotope dilution), in
23 randomly selected men over 75 years old, and DXA,
in 15 volunteers from this group*. They concluded that
some body composition predictions are unacceptable (at
least for TBW) in older men, and care is recommended
when selecting from these methods or equations. Also,
the segmental impedance method is as good as, if not bet-
ter than, anthropometry alone in predicting limb muscle
mass measured by DXA in older men. However, with the

~ decline in anabolic stimuli that occurs with age, there is

some evidence of an increase in catabolic stimuli as well.
For example, Roubenoff and colleagues (1998) found that
production of IL-6 and IL-1Ra by peripheral blood mono-
nuclear cells, from ambulatory elderly participants (72 to
92 years old) in the Framingham Heart Study, was signifi-
cantly higher than from younger controls”. These anabol-
ic cytokines increase with the development of metabolic
syndrome. In our recent study, we developed prediction
models of sarcopenia using anthropometric measurements
including waist circumference in 1,894 Japanese men
and women aged 18 to 85 years. Consequently, stepwise
regression analysis indicated that BMI, waist circumfer-
ence and age were independently associated with skeletal
muscle index in men; and BMI, handgrip strength and
waist circumference were independently associated with
skeletal muscle index in women (Table 4). Moreover the
skeletal muscle index prediction equations were applied
to the validation group, and strong correlations were
also observed between the DXA-measured and predicted
skeletal muscle index in men and women (Fig. 5). These
results suggest that the prediction models of SMI using
anthropometric measurement are valid for an alternative
DXA-measured skeletal muscle index for Japanese aduits.
These prediction models of skeletal muscle index are
ideal characteristics for field studies.

References

1) Rosenberg IH. 1989. Summary comments. Am J Clin Nutr
50: 1231-1233.

2) Judge JO, Underwood M, Gennosa T. 1993. Exercise to im-
prove gait velocity in older persons. Arch Phys Med Rehabil
74: 400-406.

3) Alexander NB, Schultz AB, Warwick DN. 1991. Rising from
a chair: effects of age and functional ability on performance
biomechanics. J Gerontol 46: M91-M98.

4) Wolfson L, Judge J, Whipple R, King M. 1995. Strength is
a major factor in balance, gait, and the occurrence of falls. J
Gerontol A Biol Sci Med Sci 50 Spec No: 64-67.

5) Walsh MC, Hunter GR, Livingstone MB. 2006. Sarcopenia in



642

JPFSM: Sanada K and Miyachi M

Table 4. Prediction equations of SMI in the development group (Men: n=185, Women: n=673).

Prediction equatios (kg/m®) R? SEE  Fvalue pvalue
One -
X SMI = 0.220 x BMI + 2.991 0.56 0.35 231.21 <0.0001
variable
Men %O SMI = 0.363 x BMI — 0.058 x Waist C + 4.523 065 038 17241 <0.0001
variables
Three SMI = 0.326 x BMI — 0.047 x Waist C
varibles 0011 % Age + 5,135 068 040 12831 <0.0001
One —
. SMI = 0.141 xBMI + 3.377 0.45 0.14 559.9 <0.0001
variable
Women Tw.o SMI = 0.133 x BMI + 0.045 X Handgrip strength 0.56 0.15 4269 <0.0001
variables + 2.409
Three SMI = 0.156 x BMI -+ 0.044 X Handgrip strength
variables — 0.010 x WaistC + 2.747 0.57 0.17 2954 <0.0001

SMI, skeletal muscle index; Waist C., waist circumference

1 OWomen @Men
10 ® y=x
&
f.
L o Oaf ®
Bo °
28 8¢ °
L By 0Q
=) Q y=0.989x +0.21
<5 77 o R2=0.733, p<0.001
NI °
w (o]
Q
6T 0
& y=0.954x+0.370
5 F o © R2=0.605, p<0.001
4 . . . : . ; ,
4 5 6 7 8 9 10 11

Predicted SMI (kg/m?)

Fig. 5 Relationship between DXA-measured and predicted
SMI (skeletal muscle index) in the cross-validation
group. '

premenopausal and postmenopausal women with osteopenia,
osteoporosis and normal bone mineral density. Ostegporos
Int 17: 61-67.

6) Waters DL, Hale L, Grant AM, Herbison P, Goulding A. 2010.
Osteoporosis and gait and balance disturbances in older sar-
copenic obese New Zealanders. Osteoporos Int 21: 351-357.

7) Crepaldi G, Romanato G, Tonin P, Maggi S. 2007. Osteopo-
rosis and body composition. J Endocrinol Invest 30: 42-47,

8) Despres JP, Moorjani S, Lupien PJ, Tremblay A, Nadeau A,
Bouchard C. 1990. Regional distribution of body fat, plasma
lipoproteins, and cardiovascular disease. Arteriosclerosis 10:
497-511.

9) Evans WJ, Campbell WW. 1993, Sarcopenia and age-related
changes in body composition and functional capacity. J Nutr
123: 465-468.

10) Sanada K, Miyachi M, Tanimoto M, Yamamoto K, Murakami
H, Okumura S, Gando Y, Suzuki K, Tabata I, Higuchi M.
2010. A cross-sectional study of sarcopenia in Japanese men
and women: reference values and association with cardiovas-

cular risk factors. Eur J Appl Physiol 110: 57-65.

11) Snijder MB, Henry RM, Visser M, Dekker JM, Seidell JC,
Ferreira I, Bouter LM, Yudkin JS, Westerhof N, Stehouwer
CD. 2004. Regional body composition as a determinant of
arterial stiffness in the elderly: The Hoorn Study. J Hypertens
22:2339-2347.

12) Baumgartner RN, Koehler KM, Gallagher D, Romero L,
Heymsfield SB, Ross RR, Garry PJ, Lindeman RD. 1998.
Epidemiology of sarcopenia among the elderly in New Mex-
ico. Am J Epidemiol 147: 755-763.

13) Wang J, Heymsfield SB, Aulet M, Thornton JC, Pierson RN,
Jr. 1989. Body fat from body density: underwater weighing vs.
dual-photon absorptiometry. Am J Physiol 256: E829-E834.

14) Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm
T, Landi F, Martin FC, Michel JP, Rolland Y, Schneider SM,
Topinkova E, Vandewoude M, Zamboni M. 2010. Sarcope-
nia: European consensus on definition and diagnosis: Report
of the European Working Group on Sarcopenia in Older Peo-
ple. Age Ageing 39: 412-423,

15) Fielding RA, Vellas B, Evans WJ, Bhasin S, Morley JE, New-
man AB, Abellan van Kan G, Andrieu S, Bauer J, Breuille
D, Cederholm T, Chandler J, De Meynard C, Donini L, Har-
ris T, Kannt A, Keime Guibert F, Onder G, Papanicolaou D,
Rolland Y, Rooks D, Sieber C, Souhami E, Verlaan S, Zam-
boni M. 2011. Sarcopenia: an undiagnosed condition in older
adults. Current consensus definition: prevalence, etiology,
and consequences. International working group on sarcope-
nia. J Am Med Dir Assoc 12: 249-256.

16) Abellan van Kan G, Rolland Y, Andrieu S, Bauer J, Beauchet
O, Bonnefoy M, Cesari M, Donini LM, Gillette Guyonnet S,
Inzitari M, Nourhashemi F, Onder G, Ritz P, Salva A, Visser
M, Vellas B. 2009. Gait speed at usual pace as a predictor
of adverse outcomes in community-dwelling older people an
International Academy on Nutrition and Aging (IANA) Task
Force. J Nutr Health Aging 13: 881-889.

17) Morley JE. 2008. Sarcopenia: diagnosis and treatment. J Nutr
Health Aging 12: 452-456.

18) Janssen I, Heymsfield SB, Ross R. 2002. Low relative skeletal
muscle mass (sarcopenia) in older persons is associated with
functional impairment and physical disability. J Am Geriatr



JPFSM  Sarcopenia in Japanese adults

Soc 50: 889-896.

19) Castillo EM, Goodman-Gruen D, Kritz-Silverstein D, Mor-
ton DJ, Wingard DL, Barrett-Connor E. 2003. Sarcopenia in
elderly men and women: the Rancho Bernardo study. 4m J
Prev Med 25: 226-231.

20) Iannuzzi-Sucich M, Prestwood KM, Kenny AM. 2002. Preva-
lence of sarcopenia and predictors of skeletal muscle mass in
healthy, older men and women. J Gerontol A Biol Sci Med Sci
57: M772-M7717.

21) Janssen I, Baumgartner RN, Ross R, Rosenberg IH, Roube-
noff R. 2004. Skeletal muscle cutpoints associated with el-
evated physical disability risk in older men and women. Am J
Epidemiol 159: 413-421.

22) Melton LJ, 3rd, Khosla S, Crowson CS, O’Connor MK,
O’Fallon WM, Riggs BL. 2000. Epidemiology of sarcopenia.
J Am Geriatr Soc 48: 625-630.

23) Newman AB, Kupelian V, Visser M, Simonsick E, Goodpas-
ter B, Nevitt M, Kritchevsky SB, Tylavsky FA, Rubin SM,
Harris TB. 2003. Sarcopenia: alternative definitions and as-
sociations with lower extremity function. J Am Geriatr Soc
51: 1602-1609.

24) Tanko LB, Movsesyan L, Mouritzen U, Christiansen C, Svend-
sen OL. 2002. Appendicular lean tissue mass and the preva-
lence of sarcopenia among healthy women. Metabolism 51:
69-74.

25) Morley JE, Baumgartner RN, Roubenoff R, Mayer J, Nair
KS. 2001. Sarcopenia. J Lab Clin Med 137: 231-243.

26) Roubenoff R. 2000. Sarcopenic obesity: does muscle loss
cause fat gain? Lessons from rheumatoid arthritis and osteo-
arthritis. Ann N Y Acad Sci 904: 553-557.

27) Roubenoff R, Hughes VA. 2000. Sarcopenia: current con-
cepts. J Gerontol A Biol Sci Med Sci 55: M716-M724.

28) Schrager MA, Metter EJ, Simonsick E, Ble A, Bandinelli S,
Lauretani F, Ferrucci L. 2007. Sarcopenic obesity and inflam-
mation in the InCHIANTI study. J Appl Physiol 102: 919-
925. '

29) Srikanthan P, Hevener AL, Karlamangla AS. 2010. Sarcope-
nia exacerbates obesity-associated insulin resistance and dys-
glycemia: findings from the National Health and Nutrition
Examination Survey III. PLoS Orne 5: €10805.

30) Aubertin-Leheudre M, Lord C, Goulet ED, Khalil A, Dionne
1J. 2006. Effect of sarcopenia on cardiovascular disease risk
factors in obese postmenopausal women. Obesity (Silver
Spring) 14: 2277-2283.

31) Balagopal P, Ljungqvist O, Nair KS. 1997. Skeletal muscle

85

643

myosin heavy-chain synthesis rate in healthy humans. 4m J
Physiol 272: E45-ES0.

32) Doherty TJ. 2003. Invited review: Aging and sarcopenia. J
Appl Physiol 95: 1717-1727.

33) Tanner CJ, Barakat HA, Dohm GL, Pories W], MacDonald
KG, Cunningham PR, Swanson MS, Houmard JA. 2002.
Muscle fiber type is associated with obesity and weight loss.
Am J Physiol Endocrinol Metab 282: E1191-E1196.

34) Walsh CH, Soler NG, James H, Harvey TC, Thomas BJ,
Fremlin JH, Fitzgerald MG, Malins JM. 1976. Studies in
whole body potassium and whole body nitrogen in newly di-
agnosed diabetics. O J Med 45: 295-301.

35) Stephen WC, Janssen 1. 2009. Sarcopenic-obesity and cardio-
vascular disease risk in the elderly. J Nutr Health Aging 13:
460-466.

36) Asmar R, Benetos A, Topouchian J, Laurent P, Pannier B,
Brisac AM, Target R, Levy BL 1995. Assessment of arterial
distensibility by automatic pulse wave velocity measurement.
Validation and clinical application studies. Hypertension 26:
485-490.

37) Bank AJ, Kaiser DR. 1998. Smooth muscle relaxation: ef-
fects on arterial compliance, distensibility, elastic modulus,
and pulse wave velocity. Hypertension 32: 356-359.

38) Cohn JN. 1999. Vascular wall function as a risk marker for
cardiovascular disease. J Hypertens Suppl 17: S41-S44.

39) Laurent S, Cockcroft J, Van Bortel L, Boutouyrie P, Giannat-
tasio C, Hayoz D, Pannier B, Vlachopoulos C, Wilkinson I,
Struijker-Boudier H. 2006. Expert consensus document on
arterial stiffness: methodological issues and clinical applica-
tions. Eur Heart J 27: 2588-2605.

40) Lu Q, Cheng LT, Wang T, Wan J, Liao LL, Zeng J, Qin C, Li
KJ. 2008. Visceral fat, arterial stiffness, and endothelial func-
tion in peritoneal dialysis patients. J Ren Nutr 18: 495-502.

41) Sanada K, Miyachi M, Tabata I, Suzuki K, Yamamoto K,
Kawano H, Usui C, Higuchi M. 2009. Differences in body
composition and risk of lifestyle-related diseases between
young and older male rowers and sedentary controls. J Sports
Sei 27: 1027-1034.

42) Fuller NJ, Sawyer MB, Laskey MA, Paxton P, Elia M. 1996.
Prediction of body composition in elderly men over 75 years
of age. Ann Hum Biol 23: 127-147.

43) Roubenoff R, Harris TB, Abad LW, Wilson PW, Dallal GE,
Dinarello CA. 1998. Monocyte cytokine production in an el-
derly population: effect of age and inflammation. J Gerontol
A Biol Sci Med Sci 53: M20-M26.



D mioswermcmaL riroma

JRUR RN 72 SRS O JENE 12 BT S E BN (B HE)
dysfunction DR & 7 7 1 —F ik

7 B %
BE B OFEINE—

VBEDOKERINE BRI NEY T—Yary s )=y s
DRI Sk B E G - BRRRENIEE Y 5 —

ORISR

=
=

=

BRI BT AN BEFOFETIHEAOFEZHBH L & ik vwiEd)
BREICE L, BERPEEL OBEMENEET-BENID S 0%, EEE
dysfunction £ BT A &%, WENTIED A7, BEL WA, FERFEN
R L BN TLE ) MBEOMEREIC L, E#)2k GFHE) dysfunction ORI
A LTCw A4, McKenzie % (mechanical diagnosis and therapy) ® 3
VTSI EBIALBRE T U T3, FENBEECEIEE eV T

AP AT PRERLP T

(A oy Uz=v 7 34:24-34, 2013)

F—T7—F : EIFRNERE, McKenzie s, N T7RA—V AL}

[EUBHIC

BURO BRI IC B A IBFNERE OB &
TIHAOERZFHHL ENLWw, Fniftzh
27U TICHERICIEZ & N EEEREE IS
L, BERLEEL OBEEE»HEC—BER
5 b 0% BEEE dysfunction (BEREM L RE
&) LEHRTHILE, bhvbhix, YEWT
EHHIRELTWS. I 7 uMICIERERY
(B chiud, MERAR, HeMBIE, AL RIET
e EQMNMEREMN) THHH NS, L EE)
RYSHIGHE|Z X ) BENERITHERTH Y 9
% dynamic factor & £ 9 1L, TRFITITHE
B R EELIFATLHSNGHENTH S L
EZTWA, HERPRETHNAONTWBRD

dysfunction & LR T LHMERL VWD T
bH oA, BECHLTCHATHEN =T v
AEEZRTVEEREE L) QLN 2R
HEHHLIHY, RHABAREEZR0WOT
P EWIERDH 5.

—7J, FHIVBEVWEEX, HOBEWICHE
) eV X ZERIBESELDE W) E R
o TEBY, BEZEBUISELEESL,
BEICEV Iy T OE#RL KDY, HCEHO
BEEERLZHETETCVRWVWET S RBE DS
A%, EB)ZF dysfunction \CfE S AL, HAHE
BREEIC L VA - WIRT 5, HZ,
T AV - BT AMEVD L7290, TOM
MERL Y PR BEFLHRBEEONHTFHEETE
WEZEWHERIOHEVBE 2V I A=
AV PEERLRT .

(Special Article) Current topics in diagnosis and treatment of back pain
Musculoskeletal (spine) dysfunction for non-specific low back pain : Concept and management

Hidenori Akaha, et al

Ochanomizu Orthopaedic Medicine, Active Rehabilitation Clinic

24

&7

Pain Clinic Vol.34 No.1 (2013.1)



FRIS RN L REEOEREIC b 1T 2 EB)88 (FH) dysfunction DEIRE 77’ O0—F %

.................................................................................................................................................................

AT, FEENERE (KOG TLED
HIEOEBICEL, E8 (F#) dysfunc
tion DPHEZH LT AEEFEOT Fa—FER
ZOWFRIZOWT, ERICHE CTRE OEEEE
T 5 2 & 0L WESEEET B X UEIEAR
ED a5ty 5.

1. McKenzie % (mechanical diagno-
sis and therapy) OEEFI> =7 b

1) B2 BEOBWVNCL3EEOEE
B ELUZEILDOFERR

HE - BIEOECIC L Y B - B ey
%, WIZHE - BRT D &2 REICHERT S
LN, WENHEEDL ETO Y Mk A,
BRAPZb 0L LT, REHOTFRAZT—2%
RTOELN, HAHVWIEELIPVWY T 7—IC
BE 5 7zt 7 EIEMER B IR BCHR S R
TV, BEERE 3RO 2 VERITRITE, &
WIAINRY =V H L. BEZTTIE, EBok
METEIFZETHEE B, Bkl
WAy — Tl THRWTWTHIEY &5z
3) DL VO TEERET 5.

2) TEHE & TROZ, OREM

FHe dysfunction % FEFEIZIRZ 51218, THE
EWEBERL EN2WIHBHEREL » L BEERE
DHBHERTH B, HFWAZ D HERT,
JERPFRENDG, HDLVVREBRT S E v o
TRRERDZALZ BB L 5 TEEE, 2, &
# dysfunction DFFED THROE ) #RT.

HEEEREEROREREE T — Vi,
—BIICREICDLVEBELL TSI 2%
Wz, FNEEZ LI EFERSTIEE Y. L
L, FHEOTEHIRCZIcPE) BRds, £
DR TOHERICL AV Y IV REC T ¥
YA XAREKHEOBIEICL VL, BHHEET
bAZI PO —VTEBENS TEEE
L TRO& PR OhNE, Fd—ax s 994

NA4291U=y % Vol34 No.1 (2013.1)

38

XL, 0, §F TORECEEIZLIT
BBERZLTIHFF LW —U~E2 L) En
IEIROUTART DR T, HETREMNI
NERL L, B2 994 X LB OBIE,
DEFNENTIA—TRAY MBFIZDTIE, B
FETFELTOEFEEEZTWA. SHIZER
Y AR E - 4T8) (B 3ESE) o
BRICORTHZ L HFTE 5.

BB L CEE L TR 5120, ERH
BLTOMETSL0D, BROFRBIV
FERDEALL D 8B 2T ERML, BS
EELWATEL LI CHBET LI LBOT
BEETHIEEZTNAD.

3) ES~OaRmAFEICEE

IR 2SS - BfEL OBENEELRGE (B
M dysfunction), FERZSEMS 5 JEHE~ OB
T % BB, ZOHRMORNOERM LY ¥
A X% ¥ Fid 5 ITRIEIITIT) Z L AR
LEINTWB2, Zhik, WiETLHEALE
McKenzie #: (mechanical diagnosis and ther-
apy : MDT) ®a Y7 MIESTWT WA,
MDT T, EHENICHMBRN TCO/MEOE
B - BE (BERIIEBARO A =5 L
b L ADPD B L BRI B I ~EML,
BHEAND XA ZH VA N L AT
NEMT DLV EFN) X YIERDHE T
H5ELTWS (BIEETNV)Y. Zou B2, 7
L TOE MRIIC X 2 EHE RS S, B
Z LWHERIAR CUE AR A TR A8 5 (2B 8§
% L w9 McKenzie DHEFEEF VAR YT
HolebBRTWAE, LiL, EBRIZIIHERKR
EHOREIIIPD O THEERT &) KR
BIGOERED, (LLODMBEEFVHHL I T
BEBETNELVWHLEL /RN L RIFHAL
Twa. MAT, MBI, WEBEE, HA &
&) SOMMREERLTE 25, =
DHEEETNVIE, HERRWNICB T 5 B0 %M
(derangement) 127 EH L Ok 2 HE®IZ

25



BE  BERORKCARICEEL LREOREE

H P
3
A

HADRERE. REULERASH oY
BhEAHTHRERLRAFSIVBRRTS
(1~2@)

| SO
| CsnofEs. |
Bititieties Tk
| Lo ARYF TS |
| AT

Derangement
OHEUVKER
(RSP A RS BN ELHE)

/ D] )
R
G
WECh =5 |

BEBHEE, RESELE
FFELWE po<URER
ERHSBARESLTIY
BERTa~2a)

1

MDTOaAET FE2RVWAEEEFESLUCHEEETOY TV FHMNE

BEFHO "ChEGHERE CUR5 X )RR

HREL R T TERERN LY -V THHEER
TWieZ& 72w,

B, MDT AR ERHEHT~D Ry
Y-V THEN, ARTRNTWSEBZH (F
HE) o dysfunction iZ MDT T \» 9 dysfunc-
tion & 13K T%R , FIZMDT T® derange-
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1 DHEICRLIZBHF~OBE W derangement
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BH o726, derangement A372 WIREE A
A—=TL, FOHHTLEZFTH Lohh &k
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DOFEIRLIZK Y B EORMIHE ) B ~DOE
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(B 150migRE, &40
PyuSay THRER)

BREDUBLTS
(REBESLIGEES)

TBRZEIC R Lk

2 3IfiiTO derangement & B-position (k5 X b i)

% & CEBHEH O dysfunction B & OEEK LR F 8RR 2 b 2 WHEEI 285 ¥ 2 D%E % beautiful body
balance position (B-position) EFFREJIZLTWASD, 72 LICAKR & [ 3 % & 7% 255 B-position % H
BLTHATCWIREEw., QROEIKELZTRITAA A— V%o, AT, BITOEEICEDL TY
HEH (BE) IEEL, ROBLBFIAEATETAZ L2 ERTL RELELETEERE-T, 20
LI EEEFBoTWEA A—V). QHEESLZ LLSATOLNTVAL A—VEED. QEFFVEX
v, B (BBE) 2BEROLIL A-VR2ED @QBERLEZPSEON 2K Bidgs28)
EBELV. VWHAPTHE). PRoTA ML ARELFLBONLOTREVWALEETZ. o), B-
position DFFIES Tla %, —EHIHE, BEBICIETAILEND L. Lo T, HERARREHII 2 -
TLI)ZL2zAHRE L, ML THEALL "CThEZFEE 28EMTAZL 4281 0BHEEE LTIR
THEVHENTIEH S

HBLEZTND, RELPODYV T 7 — I ELEBELFBETHS.
B (BIERE) L LTI EBYORL,
4. Derangement #8053 S - FEVEECEDIE CARE R BUE A BEAS
EkE LS - BEORK H5. BRI RTWEEE LT, <

Lo - &R, PERE RICELLDOZH
HEOEEBESHIZB W TAHZEIZHD) 2T I, MRy RO DR E Eass kR Ehs
{, #HHe dysfunction % 4 U R v T¥8, BiFonsd, WMo 2RI HEIC
PEhVES \CBAL, BIR L7z TREEES IV, 2 H 5EMER D EEETH B,
W, B - BFED LD derangement /3 —

YIZRED R T VR OEREZDTICRRT S, 2) FiFFAD derangement /X5 —
BREE LT, YMHbAELECEBEICR
1) #F D derangement /X5 — > SV TOEMEENELY (K3FH), BaX
BHESTEIREEY (B2 K3E), 5y FTORRE (B47TF) B"BFohs,

HEEPEHBG L) BROPBELRY FT 2B, BEIZEECy FLARIwE DR
OFERE (B4 L) #BFohs. ELEo#s HILbHBH, THHEDLLPZoTRR
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I3[ #m#5<7 | | B-position BN 7ied

HoPTEBNY K

BWEEHINY K

H4 BEREORES L derangement (LHL5 X Y IEHR)
B4 &9 O TET o741 v MEDRIFR, BRECLI-
LL7-BRL PO VWESLERRFERTAIEPET LY

Wy ETBIUETVANH B,
BB LT, WEFIEFLELEERE 5. “E-(UE ZRARETD

B CRIEICIE R K ST B (B SSEE % SIS REEOMLE
FoE, mOEE R 58 5hb. B

B T O AHEB I L% BRI RS Ui 1) MREOEH &R
KHZLIHEBRDPLETHS. HEAFHELHBBSH T, EonT0d bR

REEVNDE % o 7258 ONLEZ R 5 IR
T. B CTRRLZH TS 2 WiERIT~NO B’
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OBBEHSREFIR ). B3
QHEHRBLOH. ARDONE TRAPTRB)

BELVIERR) ., ~5. USvs AL E SR

EobF (I 290
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(HRDTL. BOIEADERE . SR AR
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] 40
(BRABESNRE)

ooma,
EEITRO TSR IR EAN, Lifs<
RS, o< R T~ 10D T
¥ ) B, o
20~30881c. MEHROSEERERE R o RAOREATRERS

SRS BT CETEDR TIRRORBGNERD 20~300€(C. RBHRONSEEERRE

DOBSE. BOHSBARICEERSTILE
BiE7 1 183~58%£20~308)

K5 “EFo>KWE ZRRETIRMUIFHENEBICH T BRME U5 X VER)
ABLRT, BREINENICEBHNT I LB LRV TH A I AL stiffness (TEHIFIBL) 5% L
WIS, BATEN (#) 25252 LAFATH S, HRHIESE LA AR TR~ %R
WAE LB EEBRET RN, A b Ly FRORI 2D BRI 20 BB B & BRI 2 &, Dl &
LIBHRIZA% ) OfERT, ZORTHET S
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PR LR 1o B IRET A LB L
3, B5 TR derangement DIEKE%
HE L L72BMLCTORM D 2 v Iid B ERE
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MAEVEIZNE, AEARTBREIR & B ) B & KB
BAMA, BEIC X o TR THRA S REBICHET 5
FAa (LU 2383, KEANOBRBUEAE I
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FRASNKLBEET "ToK WV 1"BHET3
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ZOHE (AH=X1) o—o2& LT, THEI
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BRI SR TV B AR 2 R L 9 W IRRE I
%o TLEo7:DT, ZAWHEHCE T,
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2 X D MR A% impingement # 4 LT L %
dYr—2A (B7) 2ZBELTWA.
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7 BEH#HGBATICEY peripheralization %
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BIEN (RIS B L U F NI BT 2 B a i)
LB L7 mRER (RED) SSBEEEL T3

BRZHABEMZTY2 9 big, THE2ELE
FLIZ® o 729 AR L CNEASE T A~ E) L
USR5 5 8% MDT HI#E T centralization (§
HOHYL  SBAAL) LR, 475 TWw B A
DEMGHBELTH 5 L HBTEX BE N EHT
HEY, INnNbbNbNOEHOBERL 22\
A, EBOFRE R, HERARNM TH MR
HETHMUGHEEETHN, HRBERTIER
WEERE LToOBREE L TRIERTSH ),
derangement % &£ U7 M TBE SN 288
ERBLTWAEBEEE 2 Twh, Werneke
LI, 238K OIEREE CFHO®) B
T BTN EBENROER, BRICERDD
LBUENBONIBENROIE o 20iF, &
i [m0 8 FR S BB & centralization % 52
DIBEETHEHELTWA.

7B, BIZIAYIC derangement % fRIE S 5 F
B & L C manipulation (fEFMyFE) &7
DBEVDHY, TEF VAL EHN R
STBEEHMICTER TR T ETE %
WEBbRBY, KETEZORMENFEICD
WTIEHEET 525, BRES TCOEBRERE,

8 EBHEIFFENEBICAShIbENZ—
HHEEMBETE 20 LR SEEE,
i % OEAZWEIR (end range) & THRPLER
Wh, KO ENRWESEFHZ 5. End range ¥
TAT ) R &S A L 4w

BAS TR LU EICHA G LED &, HER
R XVEDY, T LM ZERTES
LEIBREE-TWA.

2) BRTHOHE - 8E

B 1ITR LA "SThEZHER %, AT
BIOFBNR ) 25" L URE T A2
ANVEE Y

6. EBEIFRENEE O

TOIAET PBIUHERE, BARLA
(B5CTRLZ) “Eo W TomELFE
BTHhD. 12720, BUERZERICZZEN
5EERTIE, BIHF~D derangement & HH5E
IhaenNy—r (R5%E) 3MThh, KEH
D3EF D derangement & MHE S B HEIL
H#H (R548) TH5. BUALLHH GES
#%) dysfunction 2% % L HIM+ A BICHR L E
RRBZEFR R, MERIRE (S 22 TEhH R
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E: ZHHE~OER, @ £IFHIZ mid range
DEHE, THENTH 3BICEES ICENT
TITW, 2AMBOBFRER KLz 25,
BHEMRZEEBEMNZZNLZN5%, 23%,
2% ThHY, BRONEWLRERWT Y M A4
ik Td 5 RDQ (Roland-Morris Disability
Questionnaire) " Ok ED, O AMBEE L ik
LAERIENL TV, 2HELTWE. T/,
Lasen 591%, 314 %O ERRBBZE L2 3512,
MRI 7YY A4 X% V—F V247 2 &2
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O AFESE —

Institute of Medicine (IOM) (USA) #5% T i hi
L 72 “The Weight of the Nation’ " 1ZREIR DML
MORRE LT, BAM2/3, FEL0 /3558
HEPEFTHY, COREZHELTB L,

R L s ERM 2 EE EFRE L CEER
DIFXEFTVIRELLEAH LEE LTS, T
T2 Chakravarthy 62 2588 L T 5 Xk 312,

RTHT L FEMPORENHEIZ LR ETIE, A
ENERTFICANGBEISH EENTELL
K<, BIEEALDOEERITRE L TWAIREE
THh, LIFLIEIzoERICHE T £
Dz, BrOFEZENIDY B - BWE
EESOEBICERTAE LR TEL FL
T, B L RBFEOEE, SHIERBEED
SETCEELZEREICL) SEFEHENRY, EY
TEBICAFTELL I RoTY, ADEE
DER R EBEBEZREL TV L M/ AR
DREFEINIAEGIEEL L T nE a#
BiixH5 LTwaEREEZ bNE. KEI

VT % ARG (BMI 30 BA k) o ZHE 1 "epidemic” ('IfTE
1T) %80 8 LT3 Tl “pandemic” (KitfT) TH
D, bAECBWTD, BBFEZE(BMI 25 Lk

EffpyEEciBrER ISHY ST 5) 25 mL >
Db,

¥ ORERIIALE A K — v B

D& RERP OERE R T -]
R 2ERSLHFEMIIRIZTEZEICE LS OWE
PITONTETBY, BIANVF-FBEEGOB
BICLAEEREBENLLT, “Ho) —HIR

LERINDFEERRA DLV O —ERO
WALREHEZRMEANS B EPREENT Y
%Y. AEETIE, b oY —BIRAMEE L EEE
ERIZTHEELZEIZDOWT, W DPOBEDHE
wERENL, BREEKICBTHEL HEETHZ &
D CEERBEIIOVWTEZRA.

AOU—FIRICETAWE—-T2 2 bkE
ESEEEES REPEMAEIF (b
WA 2) TCOREDL &~

1. AU —HIRrBREEL - BEROERED
UZ T RIE &

—EE 2 B E L o T AREE L (controls)
Ena) —HREFHTEERIHLoTIT-T
WaHAA(CRYZXR E LT, BIRE(LDYY A2
ARBERHSATWEY, BUCRT LI IS
CREEIINEBEEICLLT, AE. BML HABHL=E,
SO EBREHENEEICE 2o TV,
CREMH oY) —EWEL 1,.112~1,958kcal/d T
HO, PFCHI226:28:46 L 2o T\ iz, —
#. dEBECEELER, 1,976~3,537kcal/d,
18:32:50 THo7:. CRELEZR RY, HEE
H, ALER IIH, BRELTEILDLAILL
B, FLTAE+®N 5574 L CERLTEDY,
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e K- YEEORENHE

R1>HOU-HEE L TVWIAL LHENEREDRERE

LTV BALDSHIISE

s WECRE TEF e

, S (n=18)

C, . (l'l.—'].S), »
S8 (88) 50.3+10 50.3+11 0.988
&% (m) 1.7£0.1 1.8+0.1 0.562
#E(kg) 59.5+5.5 80.9+8.8 0.0001
BMI(kg/m?) (B¥) 19.6=1.9 25.9=2.7 0.0001
TRIEREER(%) (BH)  6.7+4  22.4=7 - 0.0001
AR (%)
() 3.4x4  23.7%9.2 0.0001
PRIGEAZR(%) (B) 03.3x4  76.8=7  0.0001

Values are means + SD.

R3I>AHOU—HEE L TW3 A4 DODIRE(LEREFORE

1k
Y e - Any=-.  BLE

ER amm em PF
BMI (kg/m?) 24526 20.9+2.4 19.5%2.1
BalLRAFo—)
(TehaD (mg/d) 194+45  161%31 15738
LDL-abAFu—j
(LDLC) (mg/d) 122+36  89%24 86+17
HDL-abVAFu—i
(HDL-C) (mg/d/) 438 5813 6624
Tcho/HDL-CH  4.1%*1  2.8%0.5 2.5%0.4
PUTVLIFTCE)  oser  e35  s4xls
(mg/dl)
BBIE (mmHg) 13215 112%12 97+8
RIEMAE (mmHg) 8011 69+7 50+5

Values are means = SD for 12 individuals.

MIEROER % BAEICHIBR L T\ /z2s, xR
BHRENZRENEES* L oTEY, sy —i&
WHEACREDIZIZ2ETH o7z, R2IIRT LD
2. CREICEBT A A4 DERELICHh DD B
FREFICIEIHBELERTELVWESZD LN
72, RIFGCRENT ) —FIRZIBDHATE,
AOTH DL L EMIPERL 2S00 BMI & £
FH - ELFNHEREERL TS, Z0E3 L
TR LR 20, H oY) —HIRAHEINREL
CRIZTHRIERDO 1 EFTHEEICEALZ &
Vbbb, .

72, BREREEZNRE LAAAFEIZBY
Th, BHRGEBOBREFICRIZT 62 AM

906

100

®22HOVU—FIREEL TVB A4 LHEMEREOREEE

LT3 A% DOBIREEOERFEET
, ATy - : _
- fam fRCRE TR e
: T (n=18).

' (=18) - ,
BIAVAFO—)
(Tehol) (mg/d) 158+39  205+40 0.001
LDL-2VAFua— i )
(LDL-C) (mg/sds) ~ 0<% 1273 0.0001
HDL-a L AFu—)

" (HDL-C) (mgzdyy ~ 03%19 4811  0.006
Tchol/HDL-C it 2.6+0.5 4.5%1.3 0.0001
MY 7YY F(TG)

(mg/dl) 48+15  147%89  0.0001
TG/HDL-C }t 0.8+0.3 3.5x2.8 0.0001
BEIE (mmHg)  99+10  129%13  0.0001
2 I

(mg/dd) 817 958  0.0001
pidi-li= 2 G ) BV

(mIU/dl) 1.4%0.8 5.1%2  0.0001

Values are means + SD. IU, international unit.
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AFETR IV —TH3208 601, 1 EBO
BEFFFEAIT OIS, 1 ont B tE0R
BiloTWwhBMHL)THY, Zofisso
1) —HIBRAA %772 723 (CR) & BEBIM A 21T
BEXNTHo7. B1ENMABEEITENA
B, ZLT1EEDOANARIIBIY 2 BEESE,
I3V ¥ —4EEE (DLW-DXA i & REI&EE)
ERLTWSE, ZOE»S EX BIZBEEE LN
VOO 2BEL D B ZE LB, THALF—EBE
BIICRETHO2EBINLEL (R ZoTw
S ENbh B, FLT, MEOEES L OEE
MEDOIEMOEILEIZLENBD SN do
F:. ZOREFEEL LT, EXBECREOBIZIA
VWF—RRFPODEELZETAON o7 F
72, B EEE M S (VO,max, mi/min, mi/kg/
min) IF EXBAT 1 ERTE LML R L
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“H @Y —HIRR" AR R OREE BRI RIE T Y

MET-h/d T keal/d . keal/d
;g. 2.800+ ,T, 2,800
v T 2200 ) |
! 2,600 T 2600
§ % 2500_ }H 2.400-
g 5 24004 Z 2200
2 L 23004 & 2000
: yrey £ 1.800-
D 21004 g
X 2000 5% 1.600
N-Z 3nB# 6nR% 9nRR 26RR & N=2 3nA# 6nB% 99A% 2R R—-2 3nR% 6nB% 90 A% 120 A%
34V B 34V 34V

: |

| |

| YHRIERENST 1T RAEANDOAL, HOU—§IEELTVIALSLTERHZEBROCIT> TV A4OSHENE, Tx
V¥ —iBIE (DLW-DXA i, BERSE) ORFEL

=4 OO AATRIC BT BMEE, 1> XU AEROREE'

| o EHEO=18)7 AV -HIR¥@=18) ~ WE¥O=10)
ST+? 4 KB 4.5+23 7.7+4.8 42+2.8 0.001
' A% 7.4%2.9 9.7+3.7 45+2.9
LS 3.0+2.7° 2.03.9° 0.3%1.4
ZfEEE AL v R v ] 8.2+4.7 6.8+6.1 © - 9.0%3.4 0.01
(uU/mD* MR 5.6+3.7 4.4x2.8 10.3%5.3
vl a -2.7£5.0° -2.5+3.9° 1.3+3.2
1A ¥ AUC N 9.14.5° 5.5+2.9 10.24.7 0.001
(x10°%U + min/mi) AR 5.7+2.9 4:2+1.5 8.8+3.6
; vl (e -3.4%3.0° -1.3x2.18 -1.4%2.1
2 IR B A ABI 96.1+5.8 94.7+8.7 94.0%9.2 0.06
(mg/dl) AR 94.7+6.4 89.4%7.3 92.1+10.4
=5 -1.4%4.6 -5.3%6.3  -1.9%65
4% AUC AR 18.4%2.5 18.4%3.4 17.6+3.4 0.114
(x10°mg - min/m)® A% 16.0+1.9 15.9%2.2 16.9£3.0
=L ~2.4%2.5 -2.5%2.5 -0.7+1.5

! ISI. insulin sensitivity index determined according to Matsuda and DeFronzo(13) ;: AUC, total area under the curve; EX. exercise
training; CR, calorie restriction; HL, healthy lifestyle (control) .

2 Nonfasting insulin data are missing for one participant because of technical errors data collection.

3 Reflects the significance of the between-group differences in final values for each outcome after adjustment for baseline values
(ANCQOVA).

' Data were log transformed for data analyses.

5. ANOVA indicated significant differences between groups for baseline ISI; however, post hoc Tukey's tests indicated only
marginally significant differences between the EX and CR groups and between the HL and CR groups (both p=0.06) and no
significant differences between the EX and HL groups.

f Arithmetic #=SD (all such values).

7 Significantly different from the HL group, p<0.05(ANOVA and Tukey's test).

8 Significantly different from zero, p=0.05(paired ¢ test).

9 Significantly different from the CR group, p<0.05(ANOVA and Tukey's test).

Y The within-group decreases in glucose AUC were significant in the EX and HL groups, p=0.05(paired ¢ test).

' Addition of baseline ISI as a covariate resulted in a significant between-group effect (p=0.03). and post hoc Tukey's tests
showed significant differences in final-adjusted glucose AUC values for comparisons between th EX and HL groups and between the
CR and HL groups. . '
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