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Total Healthcare Starting from Menopause Onwards :

Its Importance and Practice

KH 1EH
(RRLFEMALERARZRE #0)

Hiroaki OHTA
Department of Obstetrics and Gynecology, Tokyo Women's Medical University, Tokyo, 162-8666

BE bhbhd(To TELEEHPOMYVBEEL b—FNAVZFTELTORRE
ZEE L. DPEORBELXEIIBWTY, 20 BHRELEE-TBY,
AFEKRY) vy Fa—2Ah (metabolic syndrome : Met-s) \Zfao> TV 5 2 & A3H|BR
LT3, I-HBERXBEISHROELZRL TWED, RBERBEEDI L, &
WKENY VR FIES X MEHDL-C MFETH S &, PWVIEIZEL Y, ik
BALE DR L VBN E HB L. ChOoERE LTHEICE AT A D
FURZHERLTEY, ZRICZXVIRERBISLLESRLELLEZRZTEED
2, REVEBLT 2L, BRENEZETS. Lo L, BRBEHAS HRT % Bh
$hHE, PWVEIZRFAGEEELEDLT, MEBIIRBEREE L \VEHERFL TS,
SOHICHBLELDIIERELETT A2, ZOKEBERMAD HRFILOM L7
BREFTHEIEPHBELOOHS. bbhOKRITLBEERY—F—Th 5
BAP &, EIREE{IE~NDEX ZRL, BEMEHBEARETLDIDOTIIZ VA LEZ T
Wh, DB T4 74 XY b2 HIET 57201213, BREENHRDILI L
A5, Mets ~NDEEZZE#HTLLENDS. T4bb, BEEHLORVELE L
MERLFHEEIEL, BLEYRLNEL2INET B EICBVWT, EHDTEETHA.
(FEHEMBOANILZF T 6:32—39, 2007)

F—FAAVRT T, AFR) 975> FO— 4, BIREL BLEEE, BARE
T - &4

G &Ic mIEEmE 25, SOICHREE &b ICHEFE
. FinBERAPI LT D, BEHESFUL FEwmr

OYEEORRRIER, FRE & HICRERSE S5 LE 2% L S LICESERHIEET S
%L L, BIRIVEDCHELNS 555, BLED ZEFHBLTWAE. IhbHDI LiIREORE

BE5EABFHENBOANNI S TRiES (2006 F11 B 198 HHEE) BSHCTRS
[(24BA] 20072 R 58 [#$EQ] 200728158

(BUREEK %] ABEE FRLFERAE EBARNSERE

T162-8666 ERANHTEXEHET 81
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WBWTH, 0FU Lo BEOLEIZBITS
BMI (body mass index) #% 25 Ll L O RBi#HE D EE
X 20 FRTE D D IOfﬂ?'ﬁTj‘#‘, BHIZI0FRILD,
REDFVPRLPIZHEMLTwEILE—-FKLT
Wh. INHIZENBLBET, BELEHIE
BEDOTRRELZEFEEICIAIDOTHY, PR
B DEREZRER LT HEENRBEEL 7574
RYA P hA VOFBERIEEZERNICHM
¥ SEmE SIE:LLTHODh, HELEK
T B EENRIBILEZET S, COBRBILOBEE %
SHEIIVPIZLTTF (—RFH) L, EESE
v (ZKRFH) »PPBEEREE LA,
BRIV L TROTREZIZERTHD
T, TORNKRIEFHRAILLWOBAL I L PIEET
HbH FIT, FEETEK [BEEHEI-ORIED
F—=FNWANVAT 7T OEEHREEBRDIDIZ] &
L CHEELALDT, ZOER2HEETS.

HhHAEORBRELXMEICEITE X 2K
Uy o2 FA=-LADEE

1988 4E Reaven GM” & @ syndrome X (X JE{E
B) 12X L b, 19894 @ Kaplan NM 52D
deadly quartet (38 @ M0 E ), 1991 4 @ De
Fronzo RA 5¥® syndrome of insulin resistance
4 ¥ 2 VEEEEER), £LThPETR
Matsuzawa Y 5212 X o T 1995 FE B & I /-
visceral fat syndrome (PUBBBERFEEREE) 13V TTh
b, JBW, S, SEIME, SIOEOBREL
KRBT AEREFPEACER L CHETAZL
EBLELDTHo. L 4DODEERD

RREOABIZETZOITEL, TBR—-ThaEZ
A5, Zhbix—H# L T multiple risk factor
syndrome (ZEBREAFERE) LERINSI
Eol.

0%, BRIETIIE MY 7)) FlfEE
RHDL-a L A7 u—)v (C) WENFRERHRE
DEEKERDBDT, 4 VA YEHRBEOHEKRR
smalldense LDL R LV AF ¥ FOEMEERT S
ZEFHBLE INnHE2FTTC, RKESIBLE
E#EAT A ¥ 4 ~ (National Cholesterol Educa-
tion Program : NCEP, Adult Treatment Panel
II:ATP I Tid, 1 DO5EBDH % 3EHELL
LEHLTBEEAIR v I Fo—4
(metabolic syndrome : Met-s) & SEEZE L7z, bHHE
T, ZOEBRBEOERLL5OIIEENERE
BThorIlizh R2DITLL, ARREE
EEREERITT Met-S BMTEEZVER L 72,

ALET DO (40~T79 %) Tid Mets DRBEE
382% tvbnTwaA, ERZFEMNKER
ERNREZHICBT B Mets DBEE T 93 B
(55965 (33~74M)]H 661 TH5% TR D
bz, AURTORENREI—HKETDHY, bh
bNONRIIEERNRZZE L VI FHELE D
F—bThHbHIZD, ALITEYIETEFHTD
5ZLERBLT, BEBERIIPPEETH - 7277,
COBRBEORUBIIRFIEING.

wIZPBERERFRIEH OFIE & LT, NEEIRIE
& 100cm® MY T 5y X PEBZEZHWTY
%%, HAE T BN 85cm Lk, X% 90cm Mk
ELTwA, ZOvTIRMEEEOMEICEL Tk

F£1 A9KY) v IERBEOTES
K*EEIEMALRET 4 F54 >~ (NCEP ATPII)

- @& TG MJE : 150 mg/dL L E

- SIE - 130/85 mmHg BLE
- ZEfEREMAE - 110 mg/dL BLE

- NERAERERIER c v X VARG (¢ :_Elﬁik@i%/é)
B >102 (85*) em, ZikE: > 88 (90*) cm

- {&£ HDL-C ffifiE : B : 40 mg/dL ki, &iE 50 (40*) mg/dL Kif§

NCEP : National Cholesterol Education Program

ATP I : Adult Treatment Panel I

DEDSHED) L 3IFEAYU LR WALTHEEA K v 7 ERBHLEHT S

JAMA 2001 &
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34 XH

BRODHELIATIEDHAHD, THEBHERL
YIAMNABETH-o CTHRTEBICEIS DD
K&, AEEBHRIIEETEZVWEV) LR
RELL T3,

bhbhid, BEENEHRERZ YA MNIBEE
DEHF & & H 2 bioelectrical impedance analysis
(BIA) &% F > 7 NEE AR RF B (visceral fat area)
DPEXT o7z, TOFFR, WMAITIEr=0824,

®2 8FE*AREERICLDIA ARy
23 RFO—-LO2KESE

2005 4
fERERNRRRERE
v A EBEE B#= 85cm
M= 90cm
(FRIRIERFERE Bxe d= 100cm? \T/HY)
LEICMAZBTD S % 2HE
B MUY Y FIE = 150mg/dL
»o/ERIE
£ HDL 2 L X 57 O — Vi < 40mg/dL
B&Ed
&5 (IUsH) mE = 130mmHg
Po/ETIE
BIE (JEE#) mE = 85mmHg
EIE S mpE = 110mg/dL

*BEFBREES, BAERFAZES BABLEZES,
BFEE¥R BFERGFR, B4XERFES BHAO
iM%, BERARESR

160 o2

&8

p<00001 LEWIEMBEZZED/ (B1). Zhb
QEBEOREDEET 4FHICBIL T Mets OF
2B LA 2082 MELOEEMATCI
Flids 440 (36%) 12 Met-s DFEERED. F7-,
Mg & HEEFTIE Mets DFEIRR L, VFA
D&, BEBTH Mets DFFEIIRL, 7T A b
FIREOHA, BEFITIE 8 FIH 261(25%)1C Met-
SOFEEZBDL. DL IRKERIVFALD D
Y IR MEABEREOFIE Mets A2 —= V7 ICH
L, B2 E5bH2b. FIT, Met-s ZHE
BOFGLEBETHLHE M) 7YY FILE, K
HDL-C ffifE, BME, SEOEHERT 4 Bl
Bl FORE B2IRT LI, SHER
XX PEBZE I Ocm LLE X B VFA 100cm?®
DEnFE», SHEHOEME IVERTLIL
B L7, LB X Y BIA % B2 VFA Ol
Eid Met-s DZH - EBIERLREETHH T
TR E N,

=AEMAE (C K 2 BIiREE{EAN DA E

ARFELAERIZZA by Y OETIZLZEER
HOFD»OBRIVEOHERN ST, EHRE
fENEERBTHEESNTWS, 22T, BiRE
DONEEFEDOEILTH AN ELOFMETH
5 IRIE{RIRERE (pulse wave velocity : PWV) 12 &
LMEROBS ZHEL, BEAHBELOHEE

: O

140 + G2VFAOHREH §OG4:m7ii¢%£¥ o
< M
;' 120
A 100
&
gg
% 60
B

20T arEss S §G3:rble~;§m¥maiﬁ2¥

0 . @) ; ;

50 60 70 90 100 110 120 cm

DIANEERE

TR AR LVFAIZEELVEE N 5
HEENEENEETARICENTS

1 IXMEABREE VFA EOHBEMEOERE
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@/ A *& st (YUY FMAE, EHDL-Chg), BmE, Sl
1.8 4!
ve p < 0.0001
p < 0.05 p < 005
1.4 —-
1 1 T
0.8
0.6
0.4
0.2
o
G1 G2 G3 G4
VFA <100 =100 <100 =100
DIAEEE <90 <90 =90 290

EHERIET VI XEBREZ90ecmEYELVFAZ100cm2D B AT
SHEHOEBMELYEAFRLTL:

2 EBRILEABIE T ZE6HEH O

2000

w® 2000 ; <
ol op o &2 © ® ag® ° °
1500 o o 1500 ASEEI N e S
° S
) ° .\*ﬁa A zf?:f_;@‘: 278 o, e
P 1000 ® 1000 0%
w
v 500 r= -0.003 500 [ r= 0316
p=0.982 p=0.014
0 I 1 i 0 1 1
0 100 200 300 400 o’ 100 200 300 400
TC TG
2000 2000
F ° + 8 (L] ® : %° .o
1500 e ¥ 92 oy 1500 T g ° o
¥ o o ¢° o0 °® o &» -
(-] e © ° He
P 1000 $q 1000 [ °
w
V500 =0118 | sgof r= -0.553
p=0.375 p=0.00038
o 0 . ;
0 100 200 300 0 20 4 60 8O 100 120
LDL-C HDL-C

TGIEEPWVIE X IEIRE %, HDL-ClELPWVIEZ RIBHE 2T 3
3 MBERAEELPWVEEOIERE n =62

2RRET L7z, £ORKR, BV RFu—)L (total
cholesterol : TC) % LDL-C & PWV {& & DAERIZ
ROONGD o, PITFVE) FERZEER
AR (r=0316, p=0014)%, F7:HDLC &3
FEZEMEE (r=-0553, p=0.00038) % F7-
(H3). %8, 22T Mets & DEHZUEE T
1M1 7YY K& HDLC & DX PWYV (&34
B4 328, TCRLDLC tDOMHBEIED LN
ol LZEHEARORLANEEZRTINTH S

L &b PWV ERBIRELO MRS OSHE

ELTHERTHAZLERTHDOTH 5.

2

4

KIZZD L) ERE(CEECOMPIERRE % &F
LB APWV 2 BT, MEBEBLESNS, A
BIUHRT FIBEIZRIZTEEIZOWTREL
7o, ZOFER, REARBICBIT 2 ARIENEEARIR
ETEPWVEICRAEEZII 2L, KEBBILE
BRHBERPEHIE THPWVEBICIIEEZ I b o
7. LaL, ARBREASTE, BHERRLfL
&gy sL, PWVERERL, AEEEZRL
fz. %7, BIRBREEIRVE VHEFAEE (hor-
mone replacement therapy : HRT) #&EA$ 5 &,
B UER, RARZHEETHo TH PWVIEREAR
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KH 1§85

£3 IZAMAOF L IHEIRE{LER

VR27 772480 T 54ER

MmEH S 5 ERER

O ERBIH T 2/EH

HDL 2V AFu-—nt
IDLa2VAFo—n}
Lp (a) |

- JuEkALfE R
- BRI A
- BERHYEER

O EFEmERER
@ nitric oxide
@ endothelin-1 |

- FURSYFL 7)Y

- MR REE

- R R I E YRR
- AN AERVER

- FEHAREE - B

O EEA BRI THR
1

IR oy OBIRECIFIER I,

A AERERICST 6N

LARVEMERE L. UEdS, MEBLEOER
2, ARV EEL2HA>LEARBREA T ClIkE
ZEALIZED bk, BRBHRICIIELE
MEMT 5. —F, HAERELHTO HRT AL,
KEAREFELUPWVEEZRLAZZLIZELDY, T
MU OERICHREETELEEZONS.
IhenZ i A bay Uiz & 3 HEREEAL
ER:®2RTHIDEBDNS (R3). = A buy v
DOEBIERATHB VA2 7775 —=Zx4 AEH
E LTI, (ke ORERBICTAERI DS
nTtwa. T4bs, HDLC#%# LA S, LDL-
CBIULp(@zETEES. FhzAbuasry
DYVARZ 7778 =IINTHERELTIX, Th
DA BRI, EmEHIVER, BEAHYE
fEAFmON T3, —F, MBI S EEE
BE LT, TAPOXVICEARKREEO DB
B 1 8 A% & Y, nitricoxide # £ § X &,
endothelin-1 & T &% 5% Z L 2SRCT 12 THEFR
XNTW3E, EHIZTORIFA 7)) V2T h
e oI3nc, NEMRREER, MEREFES
MEWRER, VT 2ABEHER, FiBfHR
DBEFEPCHEHEINF 2 ELDLLEORELHS.
NHEOTZ bay v OPERECER A 5, HRT
DEADEHRIZL > TRIFERZ LTI LD
THIZEZONS.

BiRiE{L & B
T2 H

kel
—

E & DR BREEM
ANy ABERAD Y, BRBEC

1

25

R 777 5—IHTAEAENE

THNY Y ADBHT S &, ZHEmEDOAKIL,
T bbEREILE R TEVI DD TH o2
CHOXHICHMLEDDOTIE RV, BHBELE
BREEAL, BhARAEAL & ERAERAE & ORIIZAEEICE
BEEELNDH S L) BMEHBEIREBIZHEAL
20H5. FLTEHRE L OCMERREDOERE
ChHZBEORTEMEDCRIKILEDPEBDTY ¥
UL EEBEEEEFE LTSI &, BRI
LATFHBEMIZDRENT VS,
FNODEELEZRTLIOE LT, ARBLHEI
BUIsNSMNEE L FHEERTE L OBMKIC
LT R4nTLLl, BEFPLZVWEEEDS
WHDDITEEL Y H3S5/ELED, Lard, £
DFEXAD 1 D& LTCLIEFRTRIZH 45 Faw
Ewd . -85k TH MORE (multiple outcomes
of raloxifene evaluation) RERD 7 I L KBEIZHB
WwWT, BHBETHLLEERA L LOLMER
ARV FVOREEFL4EBTHAET VN EVD
(R 5). & 51, HAEBRHE LCOERI NV M
EREY L v AL TERLAZEG6 Tk, BEHOZW
dbOE10ELTHE, 1BAOERTILLS (95% 5
FAX M 09~35), 2T 21(09~5.1), 3fALL L
TiX34(07~69) & zn w9, Tibb, HAE
BROFESL LUK TLMERA N FDOFAESR
BRERTH. B, TOBRETCIEMABRELSE
BACBT B LMERA XY ORI AZ7ITD
WTH ESHIZHREEZMEA TS, LHERA N
FNORREY R ZIZEE, DPETEEZELHITE
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29 A i[5 BE
' == * p <008
2.5
’ *
H 20
%t
i) 1.6
2
5 1.3
1.0
0.8 1 2 3 4 1 2 3 4
& w % Do e B
7 Bg2omski 7 BEomsuE
BEMNPLENEETRIEIHISEIZLY, DMBERT-ELHISEE L

Von der Recke et al Am J Med 1999 % Z&
Fl4 BRETMICH T IOMIEEEERHRBEFRTEL OBHRFR

HR (85% CI

71 4.7 (2.4-9.3):n0 adjustments
5 4
] 3.9 (2.0~7.7):adjusted score

4 b ole

- MORE BR4ER TS5t E -

3.5 (1.8—6.9):adjusted for CV risk factors

Tscore<-25
Osteoporosis (n=1289)

Low bone density (n=1153)
-2.5<Tscore<-1 ___ -
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BHZETHHEEEFDIYLLMERIARU O RIERMN
AERTHAESC DOMEVAVEFEIIHILTHET S

Tanko L et al JBMR 2005 &%

X5 KAEREEGL—-ZIERELOCMERS N2 MEER

FRedr{ELE, BE BRAEVSToNT

WHY, TOMBICLBERAICRTITEL, M
F— FHAZOMERA XY D OBEED 5.0, ERF
47, RWCEMBEN 35 L, BED 27, &1l
ED 26, BIEMED 19 LY HBENEWS. ik,
BHBED37THEEBZIHLE38LERL, &5
704U ETHHE43 LD, FERFD 4T
WETSL. kI, BHEEETHL I LILE
BEZONTVALMIZEY)AZEFEIIMILLT
LDIEA XY FEHBT A EVDATHS.

26

ThbhbNiIBEEETH S LBMD L 8fk
BALOMEERIBIETH S PWV E & D4R % RET
L7275, MEEAEELBOMEBRER (= -0.320,
p=0006) Z/RL, EBEETHAH L PWVIELES
e ), BIRBILEMICH A Z EAHBHL T A,
SHI, A—W8ICHLPWVEL ERH~—
A—DBRF7VHY)RAT 7% —+¥ (bonetype
alkaline phosphatase : BAP) L OB EZRET L7
A, MEOMCIIFEELREME (r=0248, p=
0.032) 22 L7 AIKILEFL7zFEDOFEHA
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XH &5

- MORE RER4FEM Tt RE# -

4
- ({E3EXRS) p < 0.0001 3
3 -
2.5 - 2.1
(0.9+5.1)
) -

XN

0

RS54 COMR B

3Ll E

HABROBESIUVHTONERKBDREREIILERT D

Tanko L et al JBMR 2005 2K

6 HEABRBEOMEREBEREHRE

E£4 SHEBELBERIICBIZOMERIACIOREVRY (BB

HIER)
EHB N¥F— Kk 95 9% 18 A X B p &

BEHRRE 35 18-69 < 0001
EE (637 B~ 704 B vs 63.7 BKiH) 38 14-100 0.007
E# (704 UL vs 637 BRkiH) 43 16-113 0.003
YERR (B/E) 47 19-121 0.001
DIERA XY NOBE CH/E) 50 23~108 < 0001
EImME (B/4) 26 15-45 < 0.001
BimE (B/E) 19 1.1-33 0.02

BUE (B/4E) 27 15-49 0.001

BARETH LI LIROMERA XY P OFES LUBRBICRV TLOERS N FDOY A

Vg =18

BTREEEEHORALE ) WEERMNRL S
NTWw525, PWVED LRI, B3FMREGE
DIETH B BB~ — 57— D BAP ¥&HEER
FTELENHBLE ZOZLEBEENSEL
PWVEEL OBEBRIZOVWTODLRONOKE T
b, BHBEEOALLT, FERSEIIBVT
bEFENFNPWV EEIEEEQOEEEDOZL LK
T, BEIZ (p<005) B &b bEMNITL
nTwa, :

27

Tanko L et al JBMR 2005 &%

FhUIC

BEDLVEONELZITTHEALIZ 40T A
WBRLEENTWS. D)L, ERNEERL R
TV LDRBLE ABMEEEL B - &ET
HY, LD 2ERRELZYVORRELTD
NEERFAZ AL 225D 0T, WEL
DL 50% BECHHELETEEVDRTYA.
T ORIk E O£ BB IREIL T, BILTE,
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BiEIE, BIUEZKE Ligds L, BREILE
EL, ®0FT, MOERETH2MEFZIILD,
LHEZE SOILEBRBOSEETH HBEER
BEEDBALL, AIBEFPRBEIZEL L ENT
Wwhb.

7z, COBWEEEHBEEROBIHTH Y,
BEHBED B TR TE, BIHIZQOL - ADL
DETZb7267. ROEBELEHEREII—R
MR EF ) Th AL, MEDESRMEEMIZBRK
BN D EIES N, 3 HITITHREYEMIC b RE
ENTwS. T42bh, EREZECHERBO

&% TRIZMEET 5 RANKL 3B IRTE/L D& -

BIZH, -8B MBREMEZ2WE4 5 OPG (osteo-
protegirin) I EIREE(LDOBHILIC DR TB & Vb
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Abstract We explored factors that contributed to bone
mineral density (BMD) in Japanese young women by quan-
tifying the factors related to BMD. Between October 2003
and February 2004, we conducted a cross-sectional survey
to study the status of nutritional intake and physical activ-
ity, and evaluated the various physical and serum parame-
ters in relation to BMD. Subjects included 254 healthy
female students who were 19-25 years old and were attend-
ing the Nursing School of Tokyo Women’s Medical Univer-
sity, Japan. We measured the lumbar BMD (L2-14) in
these women. Multiple regression analysis was used to
predict factors that contributed to current 1.2-14 BMD.
Our results showed that body mass index (BMI) (standard-
ized regression coefficient = 0.45, P < 0.0001), past exercise
habit (standardized regression coefficient =0.15, P < 0.0059),
and current total energy expenditure (standardized regres-
sion coefficient = 0.12, P < 0.03) were factors that signifi-
cantly predicted the current L2-1.4 BMD, with BMI as a
key contributing factor. A BMI of 20.8kg/m’ allowed acqui-
sition of young adult mean (YAM) irrespective of the total
energy expenditure. In subjects with low BMI, L2-14 BMD
increased with higher current energy expenditure. A BMI
of 20.8kg/m’ or greater and an energy expenditure of 32.9
METS-h/day or greater are required to acquire the YAM.
We concluded that BMI and physical activity were factors
that affected the BMD of Japanese young women.
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preven-

introduction

Osteoporosis is a disease associated with an increased risk
for bone fractures as a result of a marked decrease in bone
strength [1]. Bone strength is represented by a comprehen-
sive measure of bone mineral density (BMD), bone quality,
and bone structure [2]. In Japan, if patients with BMD sug-
gestive of osteoporosis or osteopenia have fractures, the
diagnosis of osteoporosis is deemed appropriate and phar-
macological intervention is indicated [3]. Therapeutic inter-
vention for osteoporosis is to prevent bone fractures. The
incidence of bone fractures in the Japanese elderly popula-
tion is estimated at 5%-10% annually, and this incidence
increases with aging [4]. Osteoporosis has been increasing
steadily worldwide in recent years. Femoral neck fractures
are estimated to affect as many as 3 million people world-
wide in 2025, compared with 1.3-1.7 million in 1900 [5].
Osteoporosis is among the diseases that may be amena-
ble to treatment through lifestyle modification or manage-
ment.This view hasits premise fromthree research-confirmed
hypotheses: (1) BMD increases over time until the age of
20 and remains stable until the age of 44; (2) early acquisi-
tion of high BMD helps prevent a steep drop in BMD in
later years; and (3) appropriate exercise and nutritional
intake are essential in the acquisition of BMD. For the
Japanese population, a clear rationale for these hypotheses
is yet to be established [6-8). We designed a cross-sectional
study to explore the factors that contribute to an increase
of BMD among young women and to quantify each of the
factors required for the acquisition of the reference BMD
value. Exercise plays a crucial role in the prevention of
osteoporosis and in the enhancement of bone mass. Non-
Japanese epidemiological studies [9,10] showed that physi-
cal activities and sports during growing years affect bone
mass status in the perimenopausal period, and calcium
intake is an additive contributing factor. There is one pub-



lished study that evaluated nutritional intake in premeno-
pausal Japanese women [11] but it did not address the
impact of exercise on bone mass. Another report evaluated
the impact of both exercise and nutritional intake on bone
mass in premenopausal young women {12], but the study
involved only a small number of subjects and their results
were inconsistent.

Subjects and methods

Between October 2003 and February 2004, we conducted a
cross-sectional survey with 254 female students, aged 19-25,
attending the Nursing School of Tokyo Women’s Medical
University, Tokyo, Japan. These students were healthy
female volunteers who gave prior written informed consent.
Subjects who had conditions that could affect bone mass or
were receiving medications which could affect bone mass
were excluded from the study. For all subjects under age
20, informed written consents were also obtained from their
parents or guardians. Those who had prior treatment or
who were receiving treatment that could affect bone metab-
olism, and those in pregnancy or in the lactation period,
were also excluded from the study.

Information about age, birth weight, age at menarche,
and current menstrual status was obtained. Height and
body weight were measured, and the BMD of the lumbar
vertebrae 24 (L2-L4) was also measured using a QDR
4500 DEXA bone densitometer (Hologic, Waltham, MA,
USA). The Japanese young adult mean (YAM) of L2-14
BMD defined by the QDR was 1.011 + 0.119g/cm® [13]. For
this study, L2-L4 BMD of 1.00 g/cm’ was used as the refer-
ence mean. The manufacturer’s lumbar spine phantom was
scanned daily for quality control and to correct for instru-
ment drift. Our observed coefficient of variation for the
day-to-day quality control scans was <0.7%, which fell
within the limit defined in the manufacturer’s manual.

Laboratory serum evaluations included calcium, phos-
phorus (P), albumin (Alb), intact-osteocalcin (I-OC), cross-
linked N-telopeptide of typeI collagen (NTX),bone alkaline
phophatase (BAP), osteoprotegerin (OPG), and soluble
receptor activator of NF-«xB ligand (sSRANKL). The enzyme
immunosorbent assay (EIA) method was used for i-OC,
BAP, and NTX, and the enzyme-linked immunosorbent
assay (ELISA) method for OPG and sRANKL.

Questionnaires were used to investigate energy intake
and energy expenditures. The study protocol was approved
by the Ethics Committee of Tokyo Women’s Medical
University.

Questionnaire used
Diet

Total energy expenditure and the intake of various nutri-
ents such as calcium and vitamins were assessed using the
self-administered 1-month recall Diet History Question-
naire (DHQ) developed by Sasaki et al. [14].
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Physical activity

Information on past exercise (6-18 years of age) and current
physical activity was assessed using the Japan Arterioscle-
rosis Longitudinal Study (JALS) Physical Activity Ques-
tionnaire (PAQ) [15]. The PAQ assesses current overall
daily activity encompassing sleep, work, housework, exer-
cise, and leisure. The questionnaire allows total energy and
activity-specific energy to be quantified in terms of meta-
bolic equivalent —hour/day (METs-h/day).

Statistical analysis

The subjects’ demographic information, laboratory find-
ings, nutritional intake, and physical activities were exam-
ined for correlation with L2-L4 BMD (Spearman’s
rank-correlation coefficient, P < 0.05). Factors that signifi-
cantly correlated with the acquisition of L2-1.4 BMD and
factors that are generally thought to be associated with
BMD were used as independent variables in a multiple
regression analysis (P < 0.01). Continuous variables that
were found to be significant in the multiple regression
analysis were determined by analysis of variance (ANOVA,
P <0.05).

Results

A total of 254 subjects were enrolled in the study. The
demographic profile of the subjects is given in Table 1. The
mean BMD of the L2-14 was 1.00g/cm’. A total of 53 sub-
jects (20.9%) had abnormal menstruation, but the BMD of
L2-L4 in the subjects who had irregular menstruation and
in those who had regular menstruation were not different.

Table 1. Demographic characteristics of study subjects (1 = 254)

Variables Unit Mean SD
Age Years 20715
Weight at birth*® g 3146.1 £ 438.8
Age at menarche Years 119+1.2
Height cm 1585+ 4.9
Body weight kg 535178
Body mass index : kg/m® 213428
Lumbar vertebrae 2-4 BMD g/em’ 1.0040.11
Ca mg/ml 95403
P mg/d] 3.7+04
ALB g/dl 49102
I-0C ng/ml 84428
NTX nMBCE/ 13.5+4.5
BAP un 223+6.5
OPG* pmol/l 362+224
sRANKL** pmol/l 0.33£0.27

= Sample size was different from the total: *a = 242, *b = 250,
*c =242

BMD, bone mineral density; Ca, serum calcium; P. serum phosphorus;
ALB serum albumin; I-OC, serum intact osteocalcin; NTX, serum
crosslinked N-telopeptide of type 1 collagen; BAP, serum alkaline
phosphatase (bone type isozyme); OPG, serum osteoprotegerin;
sRANKL, serum-soluble receptor activator of NF-xB ligand
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Table 2. Daily nutritional intake and physical activity (n = 254)

Variables

Unit Mean SD
Nutritional intake as assessed by DHQ
Proteins g/day 50.1 £ 183
Lipids g/day 56.9 £20.5
Carbohydrates ¢/day 2378548
Fatty acids g/day 47.8+17.7
Caicium mg/day 4978 £ 2248
Phosphorus mg/day 9143 £ 316.6
Magnesium mg/day 1299+ 302
Alcohol g/day 50+94
Cholesterol mg/day 2609 + 1154
Vitamin D ng/day 11673
Vitamin K pg/day 259.7+161.1
Retinol ng/day 2440+ 1768
Current physical activity
Total energy expenditure METs-h/day 33426
Energy expenditure for exercise kcal/day 22104751

DHQ, Diet History Questionnaire; PAQ, Japan Arteriosclerosis Longitudinal Study (JALS)

Physical Activity Questionnaire

None of the subjects experienced long hospitalization or
skeletal diseases in childhood.

Nutritional intake and physical activity

The daily nutritional intake (mean + SD) for each nutrient
and PAQ results are shown in Table 2. A total of 20 (7.9%)
subjects reported that they regularly exercised in the past.

Factors correlated with L2-1L.4 BMD

Factors found to correlate with the 1.2-1.4 BMD are shown
in Table 3: height, body weight, body mass index (BMI),
birth weight, BAP, I-OC values, cholesterol intake as
calculated based on the DHQ, and cuirent total energy
expenditure as calculated based on the PAQ, significantly
correlated with the 1.2-1.4 BMD.

Multiple regression analysis

All factors that significantly correlated with L2~-L4 BMD
(BML, birth weight, i-OC, BAP, cholesterol, past exercise,
and total energy expenditure) and factors that are generally
thought to affect BMD (intake of calcium, vitamin D,
vitamin K, phosphorus, and magnesium) were used as inde-
pendent factors, and current L2-14 BMD was used as a
dependent variable in the multiple regression analysis
(Table 4). The results showed that BMI, past exercise, and
current total energy expenditure significantly contributed to
the current L2-1.4 BMD, with BMI being the key contribut-
ing factor.

L2-1L4 BMD values by BMI and total energy
expenditure level

To quantify the factors required for the acquisition of the
reference 1L2-1.4 BMD, the subjects were divided into four

Table 3. Correlation between lumbar vertebral 2—4 BMD, background
parameter, serum parameter, nutrition intake, and physical activity

Item Correlation P value
coefficient
Demographic parameters
Age 0.008 0.895
Height 0.18 0.004
Body weight 0.479 <0.0001
BMI 0.444 <0.0001
Age at menarche. -0.122 0.053
Weight at birth 0.181 0.005
Serum parameters
Ca -0.041 0.52
P —0.064 0.309
1-OC —0.294 <0.0001
NTX -0.06 0338
BAP -0.132 0.036
ALB -0.02 0.757
OPG 0.006 0.932
sRANKL 0.101 0.117
Nutritional intake (DHQ)
Proteins 0.065 0.3
Lipids 0.022 0.723
Carbohydrates -0.044 0.481
Fatty acids 0.007 0.916
Calcium 0.061 0.333
Phosphorus 0.095 0.133
Alcohol 0.013 0.842
Cholesterol 0.172 0.006
Vitamin D 0.059 0.348
Vitamin K 0.061 0.332
Retinol 0.054 0.39
Current physical activity
PAQ
Past exercise 0.077 0.003
Total energy expenditure 0.184 0.003
Hours of exercise 0.034 0.587
Accelerometer
Total energy expenditure 0.3 <0.0001
Number of steps taken 0.021 0.74

BMD, bone mineral density; Ca, serum calcium; P, serum phosphorus:
ALB. serum albumin; I-OC, serum intact osteocalcin; NTX, serum
crosslinked N-telopeptide of type I collagen; BAP, serum alkaline
phosphatase (bone type isozyme): DHQ, Diet History Questionnaire;
PAQ, Physical Activity Questionnaire by Japan Arteriosclerosis
Longitudinal Study
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Table 4. Factors found to predict the current lumbar vertebral 2-4 BMD with a significance level

of P < 0.01 by multiple regression analysis

Variable Regression P value Standardized
coefficient regression
coefficient
BMI 0.01813 <0.0001 0.45201
PAQ exercise in past 0.06236 0.0059 0.15034
PAQ total energy expenditure 0.005 0.0329 0.11667

PAQ, Japan Arteriosclerosis Longitudinal Study (JALS) physical activity questionnaire

Table 5. Analysis of lumbar vertebral 2-4 BMD (g/om®) in subjects
divided into four groups by median BMI and current total energy
expenditure

BMI (kg/m*)
<20.8 =20.8
Current total energy expenditure (METs/day)
<329 0.94 £ 0.10 1.04 £0.12
=329 0.98+0.10 1.04 £0.10

Data shown as mean = SD
METs, metabolic equivalent; BMI, body mass index
ANOVA, P < 0.00L

groups by median BMI and energy expenditure (Table 5).
As a result, the subjects with higher BMI (>20.8 kg/m®) were
associated with the highest L2-L4 BMD, while those with
lower BMI (<20.8kg/m*) and total energy expenditure
(<32.9 METs-h/day) were associated with the lowest L2-L4
BMD. This analysis showed that the subjects with higher
BMI (=20.8kg/m’) showed more than 1.04g/cm’, mean
values of L2-L4 BMD, regardless of their current total
energy expenditure.

Discussion

Babarousti et al. [16] reported that BMI, Ca intake, and
time spent on physical activity affect heel BMD indepen-
dently but not in an age-dependent manner. However, our
cross-sectional survey is the first study to clearly demon-
strate that L2-L4 BMD was positively correlated with BMI,
past exercise, and current total energy expenditure after
adjusting for other confounding factors.

BMI and current total energy expenditure are manage-
able lifestyle factors. Therefore, lifestyle management that
addresses and corrects these factors in a timely fashion may
prevent osteoporosis among Japanese women. Our study
showed that young Japanese women with a BMI >20.8kg/
m* met the reference mean L2-14 BMD or had the poten-
tial to acquire the reference mean with sufficient exercise.
Slimness is considered a risk factor for osteoporosis. In our
study, the lowest quartile of BMI (20.8 kg/m?) fell within the
normal range of the WHO criteria, which define slimness
as BMI 18.5 kg/m2 or less. However, our study showed that
the BMD of the subjects who had a BMI of 20.8kg/m® or
more was higher than the Japanese YAM.

A total energy expenditure of 32.9METs-h/day trans-
lates into 1650kcal/day in a person weighing 50kg with an
oxygen intake of 1 kcal/kg/h in a resting, sitting position; this
comes very close to the assumed total energy expenditure
of 1550kcal/day among women of the same age group with
low-intensity physical activity [17]. Thus, the mean total
energy expenditure of 33.4 METs-h/day measured in our
subjects indicates that young women with this level of physi-
cal activity met the Japanese YAM. In other words, without
recourse to extra physical activity, these women will likely
achieve an L2-L4 BMD of 1.00kg/cm’ by maintaining just
the total energy expenditure level required for daily
living.

Past exercise also significantly correlated with L2-14
BMD in our female subjects. In young women, physical
activity generating a high impact is assumed to contribute
toward increasing BMD of the femoral neck and other sites
of bone that are susceptible to weight loading. Physical
activity of a low to moderate intensity is thought to indi-
rectly increase areal BMD by building muscle strength [17].
A report shows that a 10-month high-impact exercise among
premenarcheal girls resulted in an increase-in both muscle
strength and BMD [18]. Furthermore, an 8-month moder-
ate-intensity exercise intervention among prepubertal boys
resulted in an increase of areal BMD [19]. These studies
suggest that bone is highly responsive 1o exercise interven-
tion in early years; additionally, it is also assumed that the
effect of this exercise may persist well into adulthood [20].
Thus, exercise in growing years appears to play a pivotal
role in preventing osteoporosis in later years. Our study
confirmed these observations by clearly showing that past
physical activity correlated with high L2-1L4 BMD. Gener-
ally, it also appears that the impact of exercise on L2-14
BMD is greatest during the few years immediately follow-
ing menarche when the rate of increase in BMD becomes
the highest. Our data on past physical activity may yield
additional insights into establishing an exercise methodol-
ogy required for acquisition of high L2-L4 BMD. Further
analysis on the kinds, intensities, durations, and frequencies
of the physical activities reported in our study is currently
under way.

Only a few reports suggested a potential synergy between
calcium intake and exercise [21]. Results with regard to the
relationship between calcium intake and peak bone mass
were disparate. Greater calcium intake is thought to con-
tribute to the acquisition of a high peak bone mass. A meta-
analysis showed that calcium intake correlated with BMD
of all areas except in the ulna of postmenopausal women
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[22]. Another meta-analysis by Cumming et al. [23] indi-
cated that calcium intake has no appreciable role in pre-
venting fractures. This finding was in agreement with still
another meta-analysis published recently [24] that showed
no clear correlation between dietary calcium intake and
femoral neck fractures. Thus, the relationship between
calcium intake and fractures remains far more elusive than
that between calcium intake and BMD. Our study did not
support the view that calcium intake influences BMD. In
addition, the intake of other nutrients did not yield much
insight into other factors that would affect BMD values.

The limitation of this study was its cross-sectional design,
which could sometimes be misleading in presenting a true
causal relation. A longitudinally designed study is needed
to confirm the finding obtained in this study.

In summary, our study showed that BMI, past exercise,
and physical activity are factors that correlate with current
L2-14 BMD among Japanese young women. A BMI of
20.8kg/m* allowed the acquisition of the Japanese young
adult reference mean (YAM) L2-L4 BMD of 1.00g/cm’,
irrespective of the physical activity. The subjects with a
BMI of 20.8kg/m’ or greater and a physical activity of
32.9METS-h/day or greater had the YAM BMD. We con-
cluded that BMI and physical activity were factors that
affected the BMD of Japanese young women. BMI is more
likely to impact on BMD than physical activity.
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Abstract

Recent studies showed a significant correlation between vascular calcification and bone mineral
density (BMD). Therefore an investigation was carried out on the association between arterial
stiffness, lumbar BMD and bone metabolic markers in Japanese postmenopausal women.
Brachial-ankle PWV (baPWV) and BMD of the lumbar spine and serum bone-specific alkaline
phosphatase (BAP) levels in 143 postmenopausal women were measured, where there was a
significant negative correlation between baPWV and BMD (r = -0.21; P = 0.0135). An additional
analysis included the remaining 75 subjects but excluded subjects with hypertension and obesity.
Here, a more negative correlation between baPWV and BMD (r=-0.315; P=0.006), and a
positive correlation between baPWV and BAP (r = 0.248; P = 0.032) were also significant. A
group analysis, where the women were age-matched and stratified into three groups of different
bone density; i.e. normal BMD, osteopenic, and osteoporotic, were further made. This showed a
lower PWV values in the normal BMD group than in the other two groups. A study also showed
that the tertile with the highest BAP was associated with significantly higher PWV values than the
other tertiles. However, when the multiple linear regression analysis was carried out, there was no
correlation between PWV and BAP values. Low BMD and arterial stiffness show some

correlation, suggesting that BAP may reflect the degree of arterial stiffness present.

Key words: Bone mineral density e Brachial-ankle PWV e Bone-specific alkaline phosphatase e

Arteriosclerosis ® Osteoporosis
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Introduction

Arteriosclerosis progresses with age and the risk of arteriosclerosis in women increases
significantly after menopause [1,2]. On the other hand, bone mass decreases with age regardless
of sex. However, women are at higher risk especially after menopause, when bone mass decreases
rapidly due to a decrease in estrogen [3,4]. It is recently shown that the degree of vascular
calcification is significantly correlated with changes in bone density, suggesting that vascular
sclerosis and decreased bone mass are closely linked pathological conditions [5-8].

Pulse wave velocity (PWV) can be used to measure the elasticity of arteries, thus providing an
easy measure of progression of arteriosclerosis. Indeed, despite the fact that PWV values do not
directly describe calcification of blood vessels, PWYV is used as an effective measure of
arteriosclerosis. Carotid-femoral PWV (cfPWV) has been a traditional method used to measure
pulse wave velocity. However, this method requires some technical skills. On the other hand,
brachial-ankle PWV (baPWYV), now available as a more convenient method, only requires placing
blood pressure cuffs on the extremities. It has been reported that baPWV and cfPWYV values are
extremely well correlated within the same patient, suggesting that baPWV is as equally reliable as
cfPWV as an index for the severity of arteriosclerosis as well as a prognostic indicator in the care
of patients with hypertension [9,10].

The most important objective of osteoporosis treatment lies in the prevention of bone fractures,
which occur as bone strength, a composite endpoint combining both bone quality and density,
diminishes considerably. In clinical studies, an accurate evaluation of bone density and quality is

carried out by using the dual-energy X-ray absorptiometry (DXA) method, and by the use of
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appropriate bone metabolism makers.

A negative correlation between vascular sclerosis and BMD has already been reported [5-8].
However, DXA has seldom been used for evaluation of bone density and studies exploring the
association between vascular sclerosis and bone metabolism markers are very few.

This study aimed to elucidate the relationship between arteriosclerosis and osteoporosis in
postmenopausal women by examining their baPWYV, bone mineral density by using DXA, and

bone metabolic markers for association among these variables.

Subjects and Methods

Subjects

This study enrolled 143 postmenopausal women who visited the Menopause Clinic in our

department from January 2004 to April 2005. Their menopausal status was confirmed by

interview, where those who had not menstruated for 12 months were considered to be menopausal.

Those who could not precisely recall the date of their last menstrual period or who did not answer

the questionnaire were excluded from the study. None of the subjects had undergone hormonal

replacement therapy or had taken any steroid hormones. Women who has hypertension, diabetes,

dyslipidemia and osteoporosis, took appropriate medication for the condition held (Table 1).
Informed consent was obtained from evéry subject who enrolled in the study. The study

protocol was then approved by the Ethics Committee of Tokyo Women’s Medical University.
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Measurement of Pulse Wave Velosity

All subjects underwent brachial-ankle pulse wave velocity (baPWV) measurement as an index
for arteriosclerosis, using a form pulse wave velocity/ankle brachial pressure index (form
PWYV/ABI) (Nippon Coli). Details of the methodology have been described previously [8].

The subjects were examined while resting in a supine position with the measurement device set
to simultaneously record PWYV, blood pressure, electrocardiogram and heart sounds.
Electrocardiogram electrodes were placed on both wrists, and a heart sound microphone was
placed over the left sternal border. The cuffs were wrapped around both arms and ankles and
connected to the plethysmographic sensors to evaluate brachial and post-tibial arterial pressure
waveforms and volume pulse forms in the subjects. The subjects were also connected to
oscillometric sensors to measure blood pressure. baPWV was measured in all subjects after they
had rested for at least 5 min. The mean left and the right baPWV values for each subject was used

for analysis.

Measurement of Bone Mineral Density
Lumbar spine (L2-L4) BMD was measured by using dual-energy X-ray absorptiometry (DXA,;
QDR4500, Hologic Inc, USA) as an index for osteoporosis. BMD values were reported as grams

per square centimeter.

Laboratory Measurements

The following variables were evaluated: blood Ca, P, and intact PTH levels; urine Ca/Cr ratios;
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