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Werner 1% % GRIZIE R Z4E | progeria of the adult)
drhetEttRiEHERETHY, AR, A%, TH,
EDIREI(EAE, MMBMRIRILE, MR, BHBEREOE
EREFEMIRETEILTRALGNTWAY, 199612
FR 8N/ Werner helicase: LT 1d WernerEEEH D
HAREZEFO 12k 31?, DNAKK LT endonuclease,
helicase £ V39 2 oD% R T180 kDO Y 37 K
BEFTHZ, CORGEFOERICI Y BEFHEIE
EEhHI L, WernerEfiBOREIIHETLLE
AbNTWwa,

BAWernerERBEEZEOELATHEE L LHBEET
HY, v {Dh 0 Werner helicase B {ZFER L BIIRTE(L
£ & ORI OV THRE S AT 230, —E0HA
ottt ohTuniy,

FEFFE O HRIE, Werner helicase (WRN) DR{ZF%
El(SNP) @ 1 ©Td 51367Cys/Argi>onT, MiRFESE
PEEEIBY AN LOE - LERLEOMEIZOWT
RETHILTHD.

G2 Ak

Wi, BURFERE VS —-TiTbhTwaiElL
BT 2 RIIRERTESE A A (NILS-LSA) 0% 1 BiRE
BIMEDOP T, Werner helicaseDBIZFER(T/C,
Cysl1367Arg) AEE BN 7240~T9 DB R2217ATH
3, NILS-LSAH, EMRAMHS LUAMEFERAIT D

IRiREse 2 |

Werner helicase D&z FER L
IR P EEREDOIME - LFEE

MEF B

ThH SR

40D LTI DHIRERD 6, E8) - ISR ILEES
s h iR L LTRESMEREL, WENF
DEBEEDHE, NERIZAEOHLRE LRI
19978 P HiTbhTw A RITEENEITH Y, [HEE
MFEEERCETESCH T >BEEHIBITTe b Y
J & BEFEMCETAMEES I 2HETFL, EuR
FFH IR (B - BXRFERE VS - IIBT 5 RE
ERETOMREEROREEZIEIEEA TV 5,
WRN SNP(T/C, Cysl367Arg)id, MEEILLBZTV
VIERDNAY S A v —lEY A7 5 (FEEW 2 HT
FLE Y TLEY, '
EMEES IV OEBORERR, BRICHERELE
HBLBMEICRALTLOY, HELHICEMIEEL
A L, THEP], UHERLALIEYH B,
[EEshBReTIEBRES YL L, TR -
s hAo )R LI BAR L E L, FIRA - B
EFORARRIZoVWTE, REM2AMDHORED
FETEERICESIRERL .
mEIHIFHBOoREE, ELTEENER(2—Y
¥, BP-204RV) 2 AW THIE Lo LEREMERTRIZ,
B B RT3 B O TEET(NEC, Kartizer 55000 2w T
3RVya—FE2EBHEL, Korsbn@EHET»
T, STET « L&, BHET, GEREHEOVTRIN
PoohlBwrBOEREHY & L
fi 47 12 12 SAS 82% B v, ¥ ¥ WRN SNP(T/C.
Cys1367Arg) DA (TT) L ERB (TC/CCY DR -
ERNOLSFHEHB L. RICSNPRITEOLEE - L9k

| EuEnEft Y § - R
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%2 BHEE - LKEEE Werner helicase BEF T/C(Cys1367Arg) 3

21 “tE
Fan TFRE ke i ey
TT TCICC P I TC/CC P
<HELE(n=2217) TR >
EmEEOREE(H) 2 237 30.7 0.05 26.5 30.3 n.s.
GORE i 14.9 12.3 n.s. 13.3 12.5 n.s.
6oLl b 330 452 0.02 39.0 50.7 0.05
DLEBOBRZE(E) 21k 1.7 13.3 n.s. 10.0 139 n.s.
{0 S 58 8.2 n.s. 5.3 46 ns.
60RE L E 18.0 17.2 n.s. 15.0 24.7 0.03
<FBEH - FIRBOBEN A vE (n=1,740) TOHRET>
IEME (mmHg) £tk 1212406  1195%16 n.s. 120.440.7 119.4%1.7 n.s.
60M kM 1205108 1171420 n.s. 116.8+0.9 114.922.0 ns. -
6oLl E 122.2%11 122626 mn.s. 124,911 128.2+3.0 n.s.
HERHIMT (mmHe) £ 75.5+0.4 745+1.0 n.s. 73.0%£0.4 72.4+1.0 n.s.
60MERAE  76.0+05 741412 n.s. 71.7+£05 70.5£1.2 n.s.
’ 6OMLIE 748106 75.0%1.5 n.s. 74.5+0.6 76.2+1.7 n.s.
LDEDERMEMR(E) 2% 214 1.6 0.01 16.1 20.5 n.s.
50 S 18.6 6.0 0.0 14.1 14.8 n.s.
eom il 254 18.% n.s. 18.6 N7 0.04

EEUE - LBERNMAANEERUTRTL, SRMT B E2T- %,

MERFHBETIRERETRTL, SEMTMEET -1

n.s. : not significant

£ 1 Wemer helicase B{EF T/C(Cys1367Arg) 2 EID
A (AE(%))
BFE) TRE
HER AR
TT TCICC
_%_ﬁi 2,217 1,886(85.1) 331(14.9)
]
el 1,115 949(85.1) 166(14.9) n.s.
ot 1,102 937(85.0) 165(15.0)
E4HE
AORER 556 482(86.7) 74(13.3) n.s.
50R%fL 548 461(84.1) 87(15.9)
6ORTIS 561 486{86.6} 75(13.4}
70REHE 552 457(82.8) 85(17.2)

AT R OF M0V TH Fk, 5 - £R51TriReE

HEWE REZAVTHRI LA,

BHMT y 42T S L < 12 Cochran-Mantel-Haensze 8 E 21T »
o

n.s. . not significant

BORFHEIZ>WT, tER - 4050 (G0 R /8L 1)
W HRE TG L e E 7o, BREH - FURF QIR O %
WHLTONIDWT, R - RBmnE, LERED
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FRTITH

3. 5%
I TR A e T S SR SO TR T b 2

WRN SNPOTT, TC, CCidEN-E111,886A(85.1%),
317 A (14.3%), 14AN(0.6%)T, T allele, C allele®¥E
12922%, 78% T h otz FEERCCHIBHES A
(04%), =19 AN(08%) ELPANHTHH7=DT, BT,
FAER(TTREERNU(TC/COMD 2B LA,
SIS - SEEIIFS b h o (1), Hardy-
Weinberg M3EMHI Rz LT 7,

B EE « LRBEOMEZCORF - Lz
G TILIRRE LR R ER 2 EIDR L 7o BILEEDH
FERBLEHICORUEERDIBETHEIINL, BT
BEARTOIERUBTHEFEILE -0 OREBOEER
ZHNCORU EER M THEIIR > o

RS, WROTTHREH - MRAMEZRA L Thvd
iZonT, IE L OBEEDMERT R % SNP R T LR E
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Lz(E2TF). RHhERBRL 3 ERII»PHLT
BEFSEILL2EELEZRRO R o/, WRNME
KOWTHERIIEL L SICHEELRERED LD
7o LERBOBUFTRIIORKBOERURERTHE
iAo 2oAf, 60 LOERBE LN TILEICAER
Bhol,

@4@ EE

1367Cys/Arg BEFEHOFHRIABIL Lo TR
LoTWwad, EHMENIF— FIZHITEWRN T/C
(Cys1367Arg) DBIZFEEDOFH L, Ogata b DHAEA
TOHRES (TT, TC, CC=875%, 122%, 03%) K
EL{B2b0TRE»o,

1367Cys/ArgZF &M L HIRE/LMERE L DM
BIT2VTH, YebHEFAIBWT, MIADLIHIE
EEEEX I PO LB ERELT, 1367Cys/CysTH
LCHBEECHANEREIFEIIRVWI L ERL TS,

—F Castrob®it, 74 vIF v FAEAFYIALT
WRN SNP®1074Leu/Phe & 1367Cys/Argis 2V TR
L, EEREK B EHE Ti21074Phe allele A TEE IR AL A= 12D
ET S LR, 1367Arg allele® b o 7o THHEIIIREAZE
DEBEIECEAES LI LERLAD, WThiif
I IIHECII o,

Z X 52 WRN SNP & B)BRTE(LBIEERE & MR,
AP BREZEFSUOUBTRL2DZ EELLN, VWEH—
BOHFMEE boERIIBLATVERY,

SEOHRTIE, BOEESR EBOBEEIZ60RL L
T1367Cys/ArgRIEFEHOERBTL LARENE
W, EwWIRREThHo, FO—FTLEREMEEL
i3, BRCORFRBEHCHERNTEOAENFREILE
WEVIRRETH o7, TROEBIREILPNERENH
Th, REOHHCHR, FL2ORNPERIILST
WRN SNP & OMBENE % o TBH, WRN SNPHEIIREE
EEREREICEDLHIIETIHII20 TR, §1&,
INLEEZBLTHRTAIEALELEE L b,

o4
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WernerSEfZRORERETFO 1 2& S5 Werner
helicase T/C (Cys1367Arg) @z FEHEONMERIZE
AESA L, BIRME{LRERBL OBRFERET L, &
EFEROSHRIEROBE LRFTH o704, KEL
OMFR—EoREEE b OBBEREL 2P
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X H7iREs 0 16

HuIB AR =i OB R MR BE T 5
R DIRE

EEBETF w55 ERA NGB REELT
TF ks

R :BEBJZU'EH'J Boak—rALETHY, BXREFIHERIEGH - H

% _ : RFERL V- )RBZREGOTROTIL[AE~OE
BEREOEEIL, ""?ﬁ&boﬁ‘ﬁiﬂﬁﬂ‘lﬁtiﬂ"ﬂi&< o3z & 2B % (informed consent) D Lz

LCHEIZDSR2ERERITT. FIREREIINT 508 FHRE LTITbRATWAEY,

FIBE T HIEEEMREL, ToRodSiEeeRRIE FHECHE, EEHXQOLZR I TERLER IS E
BAFRL, £F0EBTEXEIXRELERKL2ALE | BHIATWIH0~TIROBEHELIZHOS T, TEO
i hTwnale, BHTARTIREELTEY, HAOEELET AW

RERBMEINETIERE LT, EXORERR v (MMSE 224) 1,025% (53135044 ° 685*53?& 14 ¢
bl a, HTHERC/ T YV AOKRE, BHRERL 52145 @ 68.6£5.65%K) R E L7z,

EDOBRRENHETH L ENFRESRTEL, — 2. ¥

5, LENTTOERMEIRLHEEHET & OIS HEMER I WV ATORBZELT, 3—F1 vy

RRENTED, SH6IOHHE - - HENAmLEEL TR tfTo7

HTLLENHLLEEILND, BREZK EHARGRAE (L THHv P Litiv) =
FHATI, BEER BIRER, SERERLYDS 1, RV =10)] ‘

FEERICINZ TLE - HEWEELIY B, mEE BioAzs  ERT0EMR =1, 60mfR=0), BE1E

HREICRET 2 ERIZOWTHRET 5, MoEHRBRE=1, £=0), FH8HRE=1, &
: = 0), £EREETEHEDEE  E(=100=1,

i — . — Bl1=)=0], MI52[(ZABI>REGDS)? . B(6

1. W& S)=1, B(=5)=0], XEMRERITFRGERCE
AR, BUERFERNELYF/— (B BARFE vi-En)=1, RIFGEBICRY - Rv - H8) = 0],

B/t MR EFFERHETo TV A ZCHT RBRK(E=1, F=0), 4£FfE=1, F=0), &

2RI &S 3E (National Institute for Longevity wgE=1, 7=0)

Sciences—Longitudinal Study of Aging (NILS-LSA)) | 3. EEEMERAR

HE—RERE (1997~20009F) 2 &M L b E R g T YVRECL o THRER L SHAEREOREN®

%o NILS-LSAIL, FirB L UBTE{LEESMHM S BHL, FE2ME (p<005) 2R L EMEIRBESNE

N-RBERENSRE LA, BILBERTHT LM THUVRAF Ay 7 AEINZTo7ze 28, ThET

‘EURFEFMRLYY— (R BURFER LY 5 —HRMEZNER
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xR EETREEOSH AR(%)
BORELL 70548 &t
Ei4>
EEIRAREE 92 35.4) 135{ 553)  227( 45.0)
LIRS 168( 64.6) 109( 447)  277( 55.0)
&t 260(100.0)  244(100.0)  504(100.0)
<EhE>
EEBmEE  183( 68.5) 203( 79.9) 386( 74.1)
SRS ENAE 84( 31.5) 51( 20.1)  135( 25.9)
=131 267(100.0)  254(100.0)  521{100.0)

IR RO SH R M ERICEEHERE I LT
I ki, WRICIEITL 7z EHFENIZIZSAS re
lease 82% Flw 7z,

3 #ﬁﬁ_

memmwﬁﬁ (2% 1 )
ﬂaﬁﬂ?& Wi E AT 5 EIE L, BAET45.0%, KT
741%THY, BHEIYORHEOFTVEDOESHEL -

7=(x?%(1) =809, p<0001). %7z, Bk & bic, 60k
R L) LI0BAR DT HIERBMEER T EHEHE A2
72 (3% x2(1) =202, p<0001, %k x2(1) =88, p<
0.001)

2. EERIGROBEER (%2)

BT BWT, YRR X o THEERMR L F 20
WARLZEH0E, S0 - RS - 115 2 - 0
B HBEThor. chEZBHBERELEDY
74 v o DRSW BITo 2R, FRT0RR) - BHES
B - AR, 3090 () OB EEBNRE S
FREANE ot —F, BHIZBVT, yHREL
& o THEREIBATME FELMEE RUALHE, F18-
TEBTARR - BATARNR - A IEHLEE - M0 0 - TRV
B Thol. HOPRPERELAT IR
74 v 2 AR RIT- 28R, BIER(H), FER 00
ALY - EEMERIR (RR), 195 2 (B) ORI ERE
g AT 2 HEDRE S o e

4. ==

hﬁm%m%ﬁTéﬂﬁﬁm£WTwwaﬁﬁfﬁo
%, W TT41% T h, WIREHE 258 E L7z How-

dand 6Y, #AK SYORE L ALT A EAMEERI N,
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F#2 OVRT1v7ARIAER
RETH | REZHR(E=0, B=1)

Odds ratio 95%Ci

<EH>
ER TR 1.77¢* 1.22~~2.59
B (R) 2.08%* 1.21~3.55
nH20= 1.80° 1.14~3.16
TERNRER(TR) 1.34 0.77~2.32
1Z (') 1.94*=* 1.31~2.87

<ZrtE>
FERG0ER) 1.72** 1.14~2.62
ERERE(R) 1.51 0.88~2.56
BT () 2.25%* 1.29~3.94
R () 1.3 0.54~3.10
#3020 1.88t 0.99~3.58
FEHNEER(TR) 2.23* 1.04~4.74
ERE (52) 1.25 0.78~1.29

se%:p<0.001, **:p<0.01, *:p<005, *t:p<0.10

) PBREN L THEASHREERLME(p<008) 2R L
FRBEBAERE L TANET o 1,

SEOFRIIWHTNRE» LB LML LOTHY, &
HBMREHESNOERAEREIRETE VY, B
#eAtEEHICHIDLOFELRMEMALSNA EH
b, EEBRHBRAOIMREHRIT 220, 8T

DLOBMBBIEZT TR, SN2 0EIREL 2B
ANBLENHLERDDNL, £, Bz THE
EORMEATRS N 2, BRI Y5608 LIMO
HEEMPERENRL BT WL REL T2,
IOREMUTEICOWVTIE, B AL bR
G AL R BINP RBIE T~ DOBEE b > TV LB
RHEADE, AEUNORKERDE QBRI L LIRET
LLEH B, EHII, Hk - RUEFHOERIHFET
HIkMRENALTIEDS, EEEHNBRERETAYT
Pt DRI, MR TIERENRBRIND,

Sk, SHICHETNIMEZTY, EEBRMRICES
QOLIENLTALS, ZHMOEREMFII >V THET 2
LIENH B,

b. fmeE

R A N A R BTN P R T S S T I PP A e T e

REEEREHE OEEIEA RO ffi"‘ﬁ’JﬂI'lE J: 3

MEDIE, Bt R OEENFET L LR
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Health 5 229-243, 1993.
& TR, FHEEN, HAREEEZ,  SHEOEEMNE
winm L gHRe—REAREEREIIOWT— BEE
£ 38 805-811, 2001
BAATA, X, LELRE  ETEREOES
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EHEIEEE 10 685-695, 1999.
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variates of fear of falling and associated activity curtail-
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TS o 17 S

e
rhR AR O IR RAC BT B SR '

2B =B i EREP B REY THEELTY
H% ERRY TH ER?

®1 RESHOENR-H32% (F)

=||:.§ A
; 35::':@ R ——— K B ZiE
ﬂﬂﬁ%l’ﬂ'—wﬁ’ﬂil-liﬁﬁ 7&‘ ‘ﬂ.’.l‘)‘ﬂ_L%o 4?%-[3!1"’@ 7 2085 4% 27.6+0.6 27.5+0.6
T, BREOFRBEEBCKELEETSALZIT S0MEAE 259106 256406
%<, RIRED, BRIRERY, BMRHIZEOEEYR 60RE % 222405 225405
%, LEROBEEL %5, Lo LbAECEWTE, ~ ;ggf; ::fifj :ggi?g
RS RENRE LARBELZOEARINIEALE Er=——
BENTwEV, FHROBME, BRERENRI, BREGCERFBOEEERTERIE T, (trend p<
PEEEORAEHEY, SRNBOREBIUVEEORD 0.001)c
SRR AT HIIH 6t B o ETh B wtiafc::; PEERIISIIRHENONERTATERTS
2 ijgﬂc‘:ﬁaf
?Tg‘éli E]iﬁfr[ﬁiﬁlﬂfﬁ-h/ﬁ— (fﬁ EI:IF:%E 3. B
JEt Yy =) EEMEEAIT > T A E/LICET 2R MivazakiS O HFEMNIH LT, 0 HEE, 158
MMEZREIOLEZRAEND S B, 2002E5 Anb FHENEEOL3FN, 2: B3 E/3kE, 316
20034 2 B £ TIZE ML 7:40~848L 09104 (5 144614, 2/38L Lo 4 BRRSISARATAT L s
ZHE449B) TH Do BINE 40D H 108 T L OEMRR, R, K
praFRnigREIl TEREE I T o7 BB % 1T o oo FEEHRATIZIZ SAS release 82% R L
1. RAEHEY oo BEWMBOERIZLAZEMIEOWTE—EEBTEET
MBI TREBEE LA~ MIZXBPLYFREY, BEKBALTRtRTEZT-
2. ERAHEE oo MRAMBORERIUVEEORIZBAL T, Co
WHOZ 0 CPIS 2Nz LT, R 6 Wil chran—-Mantel-HaenszeliEI2 THERIZL 2 L ¥ FRE
L, 0:#2mma, 1. PERBL, 2:W\aHE4E, BIUERFREL TOREDKREETV, p<005EH

FREFGE LoBEEWHHS, 3 HEAFES v P 4~6 EEMNAEL L. REIRIEE I ERER i (3 -
mm, 4:BEANy Y F6 mmBlEEFHEL, MR 6H ELRFEH LV )GHEREROTEROTIL, RAXE
KBWTRLEWHRZCPIONMM L Liz. T/, ADBMOTBICLIZMEOF ORI EEWHRE LTI
FOoMmMPTNTLVECHLTRFD R £ L b,

1) BAEFERE Yy —HRAREMBOEREFTER 2) BXRFER LY & —MRAGEDHRBHES 3) EIRF
E# L v s ~TIEREEMEL 4) BRERKEREREEF

100

383



2 HUEBENEHE (CP) MER - 143124 (%)

oo Bt %t
40ffC SORLFC GOBAE TORRAE BOMML | AOMHC SOMAL GORRFY 7OMRMt 0REf
0 10.1 2.0 1.8 1.7 0.0 191 3.4 25 0.0 0.0
1 1.0 0.0 0.8 0.0 0.0 1.8 0.0 0.0 1.1 0.0
2 40.4 266 5.2 14.4 286 54.6 48.7 35.0 22.8 333
K} 31.3 37.2 33 24.6 48 16.4 274 30.0 41.3 22.2
4 17.2 3.9 339 356 381 8.2 18.8 275 19.6 0.0
5 0.0 2.3 54 ° 237 285 0.0 1.7 5.0 15.2 44.5

Bt bERFBOEE CEEREOREFEL o 2 (p<0.001),

T, EXEIHELTOCPIR, BHOANFEELIHEY - 2 (p<0001),

(Cochran-Mantel-Haenszeli% )

%3 BEOER-MNIH(%)
- St ik
T | somft SOzt 6OBRIE 7OMEY SOREIT | 40BEft SOMRIK GOM{E TOMEME 8OME{T
0 677 500  47.7 471 429 | 827 692 725 602 556
1 232 415 32 328 333 | 146 205 192 N2 333
2 8.1 85 164 185 238 27 86 7.5 86 1.1
3 1.0 0.0 0.7 16 0.0 0.0 17 0.8 0.0 0.0

BRLHEMFRBVEREEITORYE L - 2(p<0.001),
Th FRIEBELTOZTENRE, BHOBFI LU LS - £ (p<0001),

(Cochran-Mantel-Haenszel#87TE)

4 LS L e Y T

ERAHEIL, 0 TIZBEARI6HR, LiEA27s5
KTdholdt, SORRTIREREFNRIZ0E, 105FE, K
RELEROLALHVERI L Tz (p<0001), E72
FERCBWTEHRAEROUZREDbhGd o1
(®&1)o

RSB LT, BRELEAMNE BT LRE
HED 222 (p<000) e i, FREWBELCIBLA
EZB, ZHLY L BN HEMAORENE Do
7= (p<0.001) (F&2).

EHICALTE, BRELEIBEVEREEDOR
BHEDVED o (p<0001)e F7, FRENELTOR
KEHBLAEZA, BHERECEESORME
Hrot(FEa
4. BR

b h DAABIEAD 5 B0 AN TH Do T
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BINEENHERRBEEEREIC I, THEFEEIE
40, 50, 60, 70, BORRAL TiXE i #h275, 24.3, 22.2, 143,
82EThH o719 SEHObRONOHE R LENELE
BETH), RIROHREIARIIETHERNLH
Be#x3%, -
HRERITE R E A TCHTFREOKRELFRE 25T
£h, EFIERASSRCRETHEsTWA I ENE
ETHb. FRETRERD LIV EEMGORE
MEALLTED, FABEOHIRECHAWEARD
KEREDL o2, CORRIMLORELFALTH-
f:?.s)o

W REIIORATHEETH 2, ELROFETHS
HEBRITA0BRA D B0ORALIC AT TRIZE/EIEDHR
T, SO EDH, HEMABOKENEL 2200
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The Contribution of Cardiorespiratory Fitness and Visceral Fat to
Risk Factors in Japanese Patients With Impaired Glucose
Tolerance and Type 2 Diabetes Mellitus

M. Nagano, Y. Kai, B. Zou, T. Hatayama, M. Suwa, H. Sasaki, and S. Kumagai

It is still unclear as to how cardiorespiratory fitness and visceral fat accumulation contribute to coronary heart disease (CHD)
risk factors in patients with diabetes mellitus. The purpose of the present study was to investigate whether cardiorespiratory
fitness contributes to such tisk factors independently of visceral fat accumulation. Two hundred Japanese patients (137 men
and 63 women, aged 22 to 81 years) with impaired glucose tolerance (IGT) and type 2 diabetes mellitus {type 2 DM) without
any intervention and pharmacological therapy.participated In a cross-sectional study. The levels of fasting tnsulin, triglyceride
{TG], total cholesterol {TC), high-density lipoprotein cholesterol (HDL-C), and resting blood pressure were assessed. Maximal
oxygen uptake {Va,_,.), an index of cardiorespiratory fitness, was predicted by a graded exercise test using a cycle
ergometer, Visceral fat area (VFA) was measured by computed tomagraphy scan. The criteria for abnormalities of the risk
factors were determined according to the standard values for Japanese. All subjects were divided equally into the foliowing
3 groups actording to their fitness level: low-fit (VO mex < 32 mL/kg/min tn men, V0,,,,,, < 26 mb/ka/min in women), mid-fit
(32 = Vo, < 36 in men, 26 = V0., < 30 in women), and high-fit (V0zn,, = 36 in men, VOzm,, = 30 in women). The
association between fitness level and the prevalence of abnormal values for these parameters was analyzed by a multiple
logistic regression model adjusted for age and VFA. The odds ratio (OR} and 95% confidence interval (Cl) for the prevalence
of hyperinsulinemia were significantly lower in the mid-fit {OR = 0.35, 95% Cl, 0.16 to 0.78) and in the high-fit groups {OR =
0.40, 95% CI, 0.16 to 0.98) compared with the low-fit group. In addition, ORs for the prevalence of low HOL-C in the mid-fit and
high-fit groups were significantly lower {OR = 0.35, 95% CI, 0.14 to 0.86; and OR = 0.18; 85% CI, 0.08 to 0.60, respectively) than
in the low-fit group. These results suggested that cardiorespiratory fitness might he one of the predictors of metabolic
abnormalities, especially in patients with hyperinsulinemia and low HDL-C, independent of visceral fat accumulation in

Japanese patients with IGT and type 2 DM.
© 2004 Eisevier Inc. All rights reserved.

HE ASSOCIATION of visceral fat accumulation and met-
abolic impairment is widely known.'-3 Nagaretani et al®
reported that Japanese patients with impaired glucose tolerance
(IGT) had a greater visceral fat area (VFA) and more unfavor-
able profile of risk factors than controls. They simultaneously
pointed out that VFA was an independent factor of clustering of
metabolic abnormalities such as hyperinsulinemia, dyslipide-
mia, and hypertension regardless of the presence/absence of
glucose intolerance. The clustering of these risk factors has
previously been described as “syndrome X" and “the deadly
quartet.”s In 1989, the World Heaith Organization proposed a
definition for the clustering of these risk factors and called it the
“metabolic syndrome.”® They are considered to be the result of
an aggravation of insulin resistance, which is also strongly
related to visceral fat accumulation.™'?
On the other hand, several studies have demonstrated the
contribution of cardiorespiratory fitness and/or physical activity
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to such risk factors. A recent cross-sectional study'® reported
that fitness level evaluated by maximal exercise time during a
treadmill test was inversely associated with a clustering of risk
factors (elevated systolic blood pressure, hypertriglyceridemia,
hyperglycemia, and elevated central adiposity) in a large sam-
ple (N = 19,437). Another cross-sectional study in middle-
aged men also indicated the contribution of cardiorespiratory
fitness and physical activity to the lipid metabolism profile and
fasting blood glucose level after adjusting for age and body
mass index (BMI).'2 In addition, prospective studies by Wei et
al'>!5 reported that low cardiorespiratory fitness was an inde-
pendent predictor to increase the risk of cardiovascular diseases
and all-cause mortality after adjusting for other risk factors.
Both visceral fat accumulation and cardiorespiratory fitness
are therefore considered to be significant predictors for meta-
bolic abnormalities. However, it has yet to be confirmed which
is an independent predictor of metabolic abnormality. Until
now, few studies investigated the contribution of visceral fat
accumulation and cardiorespiratory fitness to coronary heart
disease (CHD) risk factors.!6-18 Kumagai et al'¢ reported that
cardiorespiratory fitness, defined as oxygen uptake at the onset
of blood lactate accumulation, was independently related to
triglyceride (TG), high-density lipoprotein cholesterol (HDL-
C)total cholestero! (T'C), and insulin area, while the waist-to-
hip ratic (WHR), an indirect index of abdominal fat accumu-
lation, was only related to TG independently in obese
individuals. In obese postmenopausal women with normal met-
abolic profiles, cardiorespiratory fitness was the strongest pre-
dictor of HDL-C, while visceral fat accumulation was the
strongest predictor of insulin sensitivity and TG.'” The avail-
able evidence concerning this matter remains insufficient. Es-
pecially regarding patients with IGT and type 2 DM who tend
to demonstrate clusters of metabolic abrormalities, no report
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has so far investigated which factors may be independent
predictors for each CHD risk factor. According to a prospective
study by Batty et al,!® physical activity evaluated by walking
pace and level of leisure-time activity may play a beneficial
role in reducing the CHD risk in men with IGT and type 2 DM.
If so, a favorable level of cardiovascular fitness might effec-
tively reduce the CHD risk even in the patients who have large
amounts of visceral fat. Therefore, the present study attempted
to investigate the independent contribution of visceral fat ac-
cumulation and cardiorespiratory fitness to hyperinsulinemia,
dyslipidemia, and hypertension in patients with IGT and type 2
DM.

MATERIALS AND METHODS
Subjects

Two hundred Yapanese patients (137 men and 63 women, aged 22 to
81 years) who had been diagnosed as having IGT and type 2 DM by
75-g oral glucose tolerance test (OGTT) participated in this study. The
patholagical state was classified by the diagnostic criteria of the Com-
mittee of Japan Diabetes Society.®® Although 2 to 24 months passed
from the time that the patients were determined to have an elevated
blood glucose level at a group medical checkup, none had received any
pharmacological therapy or intervention. The present study was con-
ducted with the approval of the Ethics Committee of the Institute of
Health Science, Kyushu University, and informed consent for all pro-
cedures was obtained from all patients.

Measurement of Metabolic Parameters

The values of metabolic parameters were obtained from the diag-
nostic test for diabetes meilitus, The subjects visited the hospital early
in the morning after an overnight fasting of at least 12 hours, After
taking fasting blood samples, a 75-g OGTT was performed. Blood
samples were obtained at 30, 60, 120, and 180 minutes. Fasting insulin
and fasting blood glucose concentrations were measured by a radioim-
munonssay and an enzymatic method, respectively. Levels of fasting
TG, TC. and HDL-C were assessed by the enzymatic method. The area
under the curve for insulin (AUCg;) and blood glucose (AUCgs)
during the 75-g OGTT were also calculated by the trapezoidal mle
using absolute values. Resting systolic (SBP) and diastolic blood pres-
sure (DBP) were determined 3 times following a 30-minute rest period
using a mercury sphygmomanometer, and the lowest values were used
as the resting blood pressure. The subjects newly diagnosed to have
1GT or type 2 DM were told to undergo an anthropometric evaluation
and a fitness test as soon as possible, All of the subjects took the second
assessment within 2 to 3 weeks from the dingnostic test.

Assessment of Lifestyle

The patients answered a questionnaire to assess their alcohol use,
smoking habit, and weekly exercise habit. Concerning alcohol use and
smoking habit, we regarded cases with no history of alcohol use and
smoking as an “absence™ of each habit. Regarding exercise, the fre-
quency within 1 week, subjective intensity, duration, and period of the
exercise were assessed.

Anthropometric Evaluation

BMI was calculated as weight (kilograms) divided by height
(meters) squared. Body fat percentage (%Fat) was estimated based on
the sum of the triceps and subscapular skinfolds measured with a
skinfold caliper using Brozek's formula.?! Waist circumference was
measured at the level of the umbilicus. Both visceral (VFA} and
subcutaneous fat area (SFA) were awtomatically calculated by a eom-
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puter system connected to a computed tomography scan {Vigor Lau
Dator, Toshiba, Japan} as described by Tokunaga et al.?*

Evaluation of Cardiorespiratory Fimess

Graded exercise tests using a cycle ergometer (Monark, Stockholm,
Sweden) were performed to evaluate cardiorespiratory fitness by the
same skilled examiner. Heart rate, electrocardiograms, and blood pres-
sure were monitored and recorded during the test. Exercise intensity
was increased 3 or 4 times every 4 minutes until the heart rate reached
70% of maximum or above, Maximal oxygen uptake (V0,,,.,) was
predicted by the nomogram of Aswand and Rhyming,2* 2 modality that
is generally used to predict the Vos,,,,. which is regarded as an index
of cardiovascular fitness.

Criteria for Abnormality of Risk Factors

We defined the abnormalities in these risk factors using the follow-
ing standard values for the Japanese population: high TC: TC = 220
mg/dL2¢ high TG: TG = 150 mg/ddL low HDL-C: HDL-C < 40
mg/dL.2* hyperiension: SBP = 140 mm Hg and/or DBP = 90 mm
Hg.** Regarding hyperinsulinemia, there is no standard diagnostic
value for Japanese at present. We therefore adopted fasting insulin
7 wU/mL, a 75th percentile value of fasting insulin of Japanese male
workers reported by Tamakoshi et al,¢ as the basic criteria for hyper-
insulinemia in this study.

Classificarion of Cardiovascular Fitness

The subjects were divided equally into 3 groups according to their
fitness level for each sex. The lower class, the middle class, and the
higher class were regarded as (1) low-fit group: Voa,,,, < 32 mL/kg/
min in men and VO,_,, < 26 mL/kg/min in women; (2) mid-fit group:
32 = V0u,,, < 36 in men and 26 = V0O,,,,,. < 30 in women; and (3)
high-fit group: Voume = 36 in men and V0i,,, = 30 in women,
respectively.

Statistical Analysis

An analysis of variance (ANOVA) and the Tukey-Kramer post-hoc
test were used to compare the physical and metabolic characteristics of
the IGT and type 2 DM groups in each sex. TG, fasting insulin, and
AUC q, had skewed distributions and were analyzed after log-transfor-
mation (Table 1), Comparisons of the characteristics among the 3
different fitness groups were performed using & chi-square analysis and
ANOVA (Table 2). The odds ratio (OR) and 95% confidence intervat
(CI) for the prevalence of any abnormality in the risk factors were
calculated using a multivariate logistic regression model based on the
presencefabsence of an abnormality for each risk factor as a dependent
variable (Table 3). Stat View version 5.0 software (SAS Institute,
Chicago, ILy was used for the analysis. Statistical significance was
accepted at a value of P < .05.

RESULTS
Characteristics of Subjects

Table 1 shows the physical and metabolic characteristics of
the patients with IGT and type 2 DM in both sexes. Significant
differences among the 4 groups were observed in age, %Fat,
V0sux SFA, fasting blood glucose, AUCge, AUCg,, TG, and
HDL-C by ANOVA. Significant pathology-related differences
were recognized in age, fasting blood glucose, AUCy4, and
AUCy, in men, and were recognized in age, fasting blood
glucose, AUCgg, and AUC, g, in women by the Tukey-Kramer
post-hoc test. In addition, significant sex differences were rec-
ognized in %Fat, VO, 20d SFA in the patients with IGT,
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Table 1. Characteristics of the Subjects
Sex
Male Female Ditference

Valuables IGT (n = 31} Type 2 DM {n = 106} IGTin =17} Type 2 DM {n = 46} 1GT DM
Age (yr} 43.2 £ 9.9 54.2 = 10.01 474 +£11.8 56.1 = 9.1t
BMI {kg/m?} 248+ 48 246 2.7 266 +56 25.6 + 4.1
% Fat 208+ 8.9 200 £ 5.4 342x124 353+95 * *
VO2max (ML&g/min) 4.9 +62 33946 27673 288+53 * *
VFA (cm?) 152.7 £ 56,5 1708 + 57.4 141.2 = 438 153.7 * 54.2
SFA {em?) 150.8 = 85.7 1365674 2405 = 1249 227.0 + 84.2 * *
Fasting blood glucose {mg/dL) 1088 x93 - 152.4 + 33.01 106.8 = 12.5 144.8 * 29.1¢t
Fasting insulin {gU/mL) 5831 69x54 9.6 %60 6.8 +4.2
AUCgs {mg/dL) 460.2  48.9 728.6 = 155.81 461.3 = 40.6 708.6 = 145.0T
AUC R (pulimL} 143.8 =+ 177.7 87.3 = 7681 197.3 £ 1308 110.1 = 89.4¢ »
TC {mg/dL} 208.3 +37.0 219.2 > 364 2215 + 38.7 230.7 = 37.7
TG {mgrdL) 136.0 £ 75.6 166.8 * 108.6 100.56 = 41.2 134.4 £ 88.2
HDL-C {mg/dL) 50.7 = 13.9 48.9 * 12.3 56.9 x 15.2 568 + 145 .
SBP {mm Hg} 1324+ 173 1314 £ 158 1245 £ 145 136.8 = 22.8
DBP {(mm Hg) 84,7 = 10.3 828 =108 771 £ 9.2 84.4 =125

NOTE. Values ars means x SD.

*Significant sex difference {P < .05} in IGT and type 2 DM patients by the post-hoc test.
1Significant difference (P < .05) between IGT and type 2 DM patients in each sex by the post-hoc test.

and were recognized in %Fat, VOsmu, SFA, AUC,, and
HDL- C in the patients with type 2 DM by the post-hoc test.

The subjects were divided into 3 groups according their
fitness level as presented in Table 2. No significant differences
were observed in the percentage of male/female, IGT/type 2
DM, presence/absence of alcohol use, and smoking habit by the
chi-square analysis. A significant difference was observed in

percentage of presence/absence of exercise habit at least once
per week among the 3 groups. In addition, significant differ-
ences were recognized in age, BMI, Vo,,,,., waist girth, VFA,
SEA, fasting insulin, TG, HDL-C, SBP, and DBP among the 3
groups. No significant difference was observed in TC. Further,
significant differences were observed in the prevalence of hy-
perinsulinemia, low HDL-C, and hypertension among the 3

Table 2. Characteristics of Subjects Classified Into Three Cardiovascular Fitness Levels

Fitness Category

Veluebles Low {n = 65) Moderate {n = 70} High {n = €5} P
MaleAernale (%)’ 72.3121.7 65.7/34.3 67.7/132.3
1GType 2 DM (%) 24.6/75.4 22.9/77.1 24.6/75.4
Alcohol use [nofyes, %)7 26.6/73.4 34.8/65.2 38.1/61.8
Smoking habit {nolyes, %)* 44.4/55.6 59,4/40.6 53.2/46.8
Regular exercise {no/yes, %} 57.7/42.3 39.0/61.0 33.3/66.7 *
Age (yr) 48.7 £ 138 555+ 89 51.9 + 12,0 -
BML (kg/m?) 287 £ 54 24425 231 £ 27 *
Vozmax (MLkg/min) 273+ 4.0 3.7 31 38249 .
Waist girth {cm) 95.8 + 11.7 86,7 +568 83375 *
VFA {em?) 197.8 £ 60.1 160.1 = 52.7 125.6 £ 429 .
SFA {em?} 2295 £127.4 151.2 = 63.6 137.2 * 60.6 *
Fasting insulin (wlmL) 107 £ 84 8.1*31 52+28 *
TC (mg/d) 2222+ 389 2226 > 359 216.2 = 36.0
TG (mg/dL} 1727 £ 1191 151.2 = 80.8 123.8 * 65.6 .
HOL-C (mg/dL) 471 £ 140 540 = 14.8 §3.7 £ 10.7 -
SBP [mm Hg} 1345 = 168.0 134.4 £ 19.6 126.5 = 16.7 .
DBP {mm Hg) B85.6 x10.7 241+ 11 785> 0.8 *
Prevalence of hyperinsulinemia {no/yes, %" 43,1/56.9 7711225 80.0/20.0 *
Prevalence of high TC {nofyes, %|7 §2.3/47.7 41.4/58.6 §3.8/46.2
Prevalence of high TG [no/yes, %}' 55.4/44.6 62.9/37.1 73.8/26.2
Pravalence of low HOL-C {nofyes, %)' 67.2/32.8 85.7/14.3 82.3r7.7 *
Pravalence of hypertension {nofves, %)* 48.4/51.6 §9.4/40.6 73.4126.6 *

NOQTE. Values are means = SD.
*Significant difference [P < .05) among the 3 groups.
1The chi-square analysis was used.
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