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x2 2T — 2 =) OWHPFHiE LB OGSy oi (BB ik, FB: Hi)

FYEEHEE EE  BMI hMfElS  HDL  BGEIAIME RN 228K 8 HbAlc ZofEFEiME
1P 849 108 s 0373 —0315 0343 0.271 0.313 0303  78.3
BMI 23.6 0.881 o5 0.320 —0.345  0.319 0.300 0.318  0.290  21.5
R I 123.1 0.265 0.254 Zgggg —0.355  0.253 0.252 0.185  0.184  81.7
HDL 567  —0.280 0.187  —0.381 T¢o  —0.061  —0.040  —0.052 —0.073  70.7
IEIME 1169 0262 0.264  0.178 0018 5003 0.757 0.230  0.193  111.6
PRAR A 75.7 0.293 0.300 0.198 —0.029 0.829 }ig:g 0.185 0.122 68.0
NERMEE  101.8 0.210 0.195  0.138 —0.073  0.165 0.138 002 0.827  94.6
HbAlc 5.2 0.184 0.187  0.106 —0.113  0.111 0.064 0830 O3 5.1
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(1) FEP & BMI

BYE © Waist=BMI X 2.3761+28.7621,

M © Waist=BMI X 2.3637 + 28.8374

B+ BMI= Waist X 0.3274 — 4.1695,

M+ BMI= Waist X 0.2930 — 1.5040

(2) H:fERS & HDL,

BV TG=HDL % (—2.2944) +253.2291,
ek« TG=HDL X (—1.0106) + 154.4591

B« HDL=TGX (—0.0733) +65.7384,

¥ : HDL=TGx (—0.1232) +80.5859

(3) WL A i = & 4152 A i FE

B - SBP=DBPX 1.1301 + 31.4265,

4V + SBP=DBP X 0.9779 + 414.6780

B : DBP=SBPX0.6038+5.0561,

¥+ DBP=SBPX 0.5861 + 2.5644

(4) ZEIEREIMBE & HbAlc

B : FBS=HbAlc X 23.8781—21.691,

M 1 FBS=HbAlc % 26.6860 — 40.362

¥ © HbAle=FBSX0.0288+2.238,

M : HbAle=FBS X 0.0256 + 2.646
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(BRe 1) EREESHT (B 2)

(LW 7 — a1 WOR 2%
S AL tE 75] %’fﬂ%ﬁﬁb ) SEI(E = =

- iR P it RMSE (i ) I/ Ml TN
NCEP-ATP (ATPIII) 5.4 5.4 0.48 5.4(0.62) 3.6 7.6
AHA/NHLBI 8.8 8.8 0.62 8.8(0.82) 6.1 11.8
IDF 11.8 12.7 1.15 12.6(0.95) 9.9 15.9
T ZE Bk 12 12.6 0.91 12.5(0.84) 9.8 15.1
JEAE 7 G L e 20.4 21.7 1.58 21.7(1.10) 17.9 25.7

RMSE : P FRE DO IR

WeEt 1 [z % ZAN—2 | TOFREOE» SHDY I 2 U — b S ROMBEF
Biat 2 T2 T — X N—Z | »OOFHE, 58k, MEBREOMED T I3 A EE 54T
* %‘Iék@&n=1,981, 0 aR L #1,000[H]

x4 SUBRT — 2 OFIFROAEENE

£z # 1 LS 2
e e VR alL— LA e VR b—F LARE
IBOTHE  Zowhin @kms  CPOFRE gk ke
NCEP-ATPIII — 10.1(1.0) 22.5 23.2(1.1)
AHA/NHLBI — 15.0(1.1) — 29.6(1.1)
IDF — 6.4(0.8) — 44.4(1.2)
WindZ B & 3kHE 9.0 10.8(1.0) — 33.7(1.1)
JE A 5 (o FL e — 15.8(1.2) — 47.2(1.1)

* $E DR L #1,0000E]
T AP ERIRT
HP 1 BR TN,

19924E 7 H19954EDORIC HRE K & %8 L 722,116 A\OBE XI5 & LoD T — 2

R 2: KETOTSIVHLNEDOF T ATV V7 aAh—FDEMETH 53,323 A% & LIHFEROT—4

X3 BWrEEER, R OZICHE S BREOZAL
(F1E)

1i?$ BRERLARE

40
35
30

/ = & =NCEP-ATPII
25 = H =AHA/NHLBI
2 +DF

—)(—l!‘#!lﬂ!*
15 ——EEHRE BN
10

VI

(1.}
4 em

IR TH - 72 (K 3), KA TlEBE RN OfES,
ERDICREE S N/l KT, IEIICE L T3k
NE B SR LR A 57 )44 e 5 L UV IDF T,
JBEDP ENRAT LICARRY v 7V Fa—AF
AEBE L Iz > T, ZTOET IDF L& E
BERHE L O R, LOBELUL Wi, —H,
NCEP-ATPIII & AHA/NHLBI * %, Z1fbic X %
BE NS holo, TSR EZESIEE, BA5
BB A L O IDF T, BHEPLAL L > TV

L1280 EFE 2 BN, TOMOBMEAEDEFR L,
ENZENHHOPENET 5 EFRBLEMNL
722y, BEHEIZEREHBILIT - 7o, 753 BMI
IZOWTIE, BAFEIEOZHLECHE-EENn5
727y, BMI QI WCERESE ML, 20
ﬁﬂd)%ﬁf EHERRICELIZA LN - 72,
ZWIEEOEF OS>, 2 DOHEHA At
é«kkh%“@ﬁf@@ﬁk%% L El A, BIF
ROBALPKECHEAOMAE LRI, JEFH &
%%T%otozh%@ﬁa®ﬁ%%mé@t&%
DHEIREOEAL % LW FEHE BT, BEtE
E%%@&Fiw@é%@%i@ﬂﬁ@%ﬁmo
TIE, B PR D ERSICONTEREL
B </ T\Wwi, —Ji NCEP-ATPIII & AHA /
NHLBI@ ZWrIEHEIC O\ T, IR OB R R
IO HHENKE L, BEOZEMTIIEREILIZ
CAEEDL L5z, K412 NCEP-ATPIII &
B EESEEOLHIZOWTURT,



1050 Fo57k AARAHEE BB

20104123 15H

K4 NCEP-ATPII (/£) sHEERESLE (F) 120 518 & HHEIRIEOZLICE S BREOZ (B

N & =

KR TIE, ZHAEOBEROFEHEAIRATS
CEIC R 5 EEOBWHELH T AXRY v 7
YV FR—LADBK AT, BETIICHERE L RO
HARZRY v 7/ FH—A - V3 2 U— R wB%
L7co ENENOBMBEEEICIE L -BRFBERD S
IR, HRWEEOEFEOMOPELTH I LIC L
LERROENICOWT, Fhlxd LIy Ialb—
FL, BIEMICERL I, FHER LURBKALED
BEROMBOELITED HIRE O TIE, &<
IDF BRI R B SR EPELUL T AT LR E
INTze AV I 2 V=&, & 23, HAEHIC
LU CHEEEEHABE YT O%E, TOXEDBHR
BOBEFZDO—DOTHLEMA S 5ecm HH T LT &
5T, AZRY 9 7Y/ Fa—ADOFRRNE O
FEWA 3 5 0% TR L BREAHTICH WA C LR TE
N, BREBORR ENOBFRZIEHRETS D o
TINODERIIIIR T - BEFHEAED 7= D HHE
RIERE L TET A i sN 5,

1. X 3alL—YORH

KBPFFETIE, FH2TOWH TOEFIE
(Framingham Offspring Study) D ZHEFIIZ DWW T
SalV—FEERLI-EZAH, LREOFREK SV
Sal—FLEREBITEAER LI -7, 7%
B, VRaV—XTHAERECHIET L7202
HEOEFZROMPNOMEAHEEL T\ b, CNHDE
F T & OHEEEIZ O\ RIS R S N7 BRI
BHEFEH 2 EOENT T S &, ZEEREIE O
WERAED IR T28, VI 2V —FMERTI5EREL
Bigo>Twieh, TS OEA TIRIZEAEED
HWMEZ R L T\ o, DSt O T OB
EEEOLDT AL IER» DL, RS
IR EBAEN 2570 SO/BICOWTIESHE
SHICHHE T ALBETIDAHLOD, [HEZT—X
N—Z | O BIEGEATE % I\ TBs OSTR T —

Eil
E
#

20 40 a0

AIHDY I 2 V— M5 I & ORREW AR
wanictEz2 5,

2. TRZT—9~R—Z] DEH

ARFFE T, ARETRHET HFHEL, K
T CZWICFIH T A7-DICHWDS [T —F X—
A LD B AT A b DS A EmIEH S
/D EWOIREDOTTY I 2 V—FDOBEEIT -
7oo M2 T — 2 N—ZA] & L THELTRER
R AR~ A (2T — 2 N—A] LT
WOHNy I 2 V=T O2BAEICE, SEdtsHk
150 (£33 # EHEBERE) #EFHT52 LD
E2obNb, AVI2V—FTHE 2T — 2 X—
Al ZDOEOBEEHZ 5T L0, FHME L GED
K H\FHE, Sk, HBIRE A E &2 Ty
RaU—bFTELEDICFRL TH SO RS
B, MEETLEMRBHICIEL/ZY I 2V —FR
ARECH o

3. AIal—YDRRLESEDEE

1) BREHIZONT

AKBFIETIE, NBEROER AR LD, Fh
AL Box-Cox B UK L7z & T A, WEE
BOGMERELSEDLLLED 2 L b, KifgE
TR EBE AT I 2 V—FOBEELYT -
7o Iz, AT CREBOIERMEZ LD L5
72, RO NE S L CTHEME4 ADT—2 %
BRWTHHT L 72 SNEEDIRE 1T > TARIZH
HRBEORHET Z D DITIE K E 7B ) - 72,
L LAEWICR L TEAMICEWR AL E VS
T, BRRICHER VP &0 D B OV TR
TEhWed, SHI O AREPLETH 5,
2)  FT—RDOMFEIZOWT
KEORREZH T — % Tk, HAXERD L L
DHEEIND, KIBOMWTEICOWTIE, BE#EOBW
HHICH L CEla S CHTEiT-> 72 L LFEED
2T — X TR COREBICER L T WEHELE 2D
NDH72D, WETHHECOWTL, 4%, %EHN



20104123 15H

A (multiple imputation) EOHEERD AN
HTELED, SOHICHRFAEET S,

3)  ARWFFE CTHET L 7o Wi R EE LIS D2 M ZEHE 1T

DN T

KPFZE TG & L7z 5 DO MALtEL, RRRE
fiti L HEPRIC L 0 2Tl BE /e B Wi S ED Ak G & L
72 S HITHWZ W AL HE T L ERIRRAE LA OFF
M7 53D EF Tz, SN BIREREOH
EBICEKELSEEL RISV EEZEZLNS LD
D, A VA VEPIECRE O M, (KEE IS IE
FOMME LOCMZ R EDOLEMEPLE L5
8L 5, KEORBBZHT —X Tld, 1 VA
U VPRI & OF — 2 2185 C LIEH
HLEZoN, BEOT— X% AW THEEICZE
BHCEIIREE B/, Lch-> T, KFZETIE
CNOHOBWFEEDBER IO G E Lk -7
B, SROLBICIGE TR 62O HETY I 2 V—1F
THTEBEZLLERD LN L NI, il
HEOFEWNZIAEHROHAEEROLLE: & LT, Can
5193 Turkish Heart Study O 7 — % X — Z/p 5§l
PRIF T WRADT — 2 W TRk L/ &0,
AV A VIR R D7 2 DOB KR (WHO
(19994F) D, European Group for the Study of Insulin
Resistance (19994F) (EGIR)” & & A TWik\W3 D
D2 Wi #E NCEP?, IDF?, American College of
Endocrinology (20034F) (ACE)¥{IZHED S BHREKD
—E (v /7 MRED AR Lo, BEEFE CO ke
B CH5HH, ZOKRE Tl NCEP-ATPIII, IDF,
ACE O H1 v NREA30.77~0.84, WHO & EGIR T
120.83TH VD, Hi#E (NCEP-ATPIII, IDF, ACE)
L %#E (WHO, EGIR) D71 v 7 $R¥130.32~0.37
ThHolcbHmEL TW5, KBFRICHW: [E#Z
T—=ANX—ZA | (Bit) THLRBRICEHREL TAL
L T A, NCEP-ATPIII & IDF OF v/ 2$1130.36
L Can BIZHANTIEWETH - /22, T OEWID
AKWFFE CIXIDFOZW CIRIEFIC T v 7 F#E% W
T\ %75 NCEP-ATPII Tl3 AfEIC X AR FI% L
TWirWed &2 bz, nls, B4 EE Lt
LRI B4 HHETI130.70 & T —BOBRE LS
W2h, i & IDF TN XL 40.63, 0.54, W &
NCEP-ATPII Ti{I Z N1 £ 410.31, 0.50 & J& £ 57 @)
24 FHE Tl IDF & NCEP-ATPII CTE WAL R
HHNTz, THIT, RO R TIEMAZ(L S &
72 & EOKBMBEIETORFROMHE & WO BlE»
LItz 5 &, BEAGEEEE, Witk B ok,
IDF TOZEALDO/N 2 —VFHLL TWbH DD,
FOEIT B R B &EHE & IDF OFHREFOZELD
E50, KVEWETENL TW5DH I EPRRES

578 HANHGRE

$F125 1051

N7z,

4)  ZOft

KR TOZKNL, SEREBRSMICHED &0 D
REOTFTIVIab— HT—%] &4EKL, %
NEAVWTYI2V— T4 LICKDARKREHR
L7 BHEREL TWA, 2HTLERS
AW THEERERD S & SEERAICITEET
HhH, LrL, GHDOESICEHUIEMETHD,
DICEHAEERES LI PHEICKRETEL L
O, Y3al—XICLOBFILAZ LT, TONH
WaBE2LHERBEEDN, T, KPFFETIL,
Mt T — 2 N—A | LA—D#dksEiTs] (%
73 HEARED & & OB BIERSMICHE D
LWOREDTT, YIal—FMIHWAT—X%
RAESHTNE720, 5Hck s AT OMEOEE)IC
D HRIROMEE BT HRESN 21T - 720
B Zb S 87 EOEREBOLEEIL DS L, K
e CHE L 72106 R O BRI, o#ck ik
OIS BREOZE LT NI VWL D EE 2
BNz TOEIE, AV I 2 V—FTHRDY LIS
ML T —2N—2 | #HW/2Hoy I 2V —F
Db HREE, —BERZH e BEL /2D & LT
WL EMZUTHLT amBEL TW5EEZ
bk, ikl EBRICRKIEINS T — X OshHdt
GEATIND 2T — A N—A | L RE Bix- 7
EMZROBHOEE, B5ENHAEOEVTF—&
DNFIATTRETH ABEICIE, TEZ2TF— 2 X— 2]
FEESHWMZTCY/IalV—1F+5T ERAETHY,
MAREVWLD L E 2 L,

S EIOWIET, BMIEAEDEROFHHEOE(LIC
O BHRROB B L2, Bl 52WE
HEOBEFRIANOHEBIZHOWTIE, EPEE BMI (r=
0.881), @ A\ IZZEFFIMEE X HbAlc (r=0.830)
(WEFNLHM) L, EICHBEOBWRT —0
HHMAEC O W R fraFfIHL T ks e/ b
THRROBREXT-> 72, JHUT KD ERMICIET
B S FHEE A S ON/&E 2 5, LrL, C
NOHLUANDHBIZOWTZEOHEITH 1372\ D
OBMBEIEDOBERII A CEEL O LB,
A5 B mIR AT S B A DR & 2 FIH L Cewrit
BEOBEREAROBEHETEE L M THET S LI
BWRDBDHAHD, CNHICOVWTY I 2 V—XITHA
ANDZELESHEOMETD 5,

F/2, AZRY v 7YV FE—AICHED EERE
BOREROHETE D, BREBORZ E~OF M EHR
L0 D 5, EEIIRER X OBEIZ >\W T, $fE
DXBPHHEESINTWALD, TNHDOT— X%
AWTY R a V=X ICHARATIT 570 8 & 55



1052 578 BARAMRE 125

DFETH 5,

Tk, K707 5 AL SAS SEAHWTERL
ThD, HPHICITRETETH S, E/o, BfE
SRTOT/OT I ABMERFTHY, TERER
NLBOETR{ETEHTETDH 5,

VvV % A

ARZRY w7V FE—AD 5 DOZMILEEIC >
WG, VIabV—XEHREL, TOBELNL [EE
2T —% ] HWC VI V—FATF—%] %
FAEL, ARy 7y Fa— A GRECHETT
5T ERRRR TR o To, BMTEREEOEFR O—F AL
bR/ EETOFREOY I 2 — FEERIT, fERE
Mk e LI L FIHATRE & & % 72,

ABFSE T E VR R R B TR R I R O —BR
THT - Too T TR O —EIC IR 52 1l Bh 5 2 F
78 (C) (GREEF20590668) DOMBRIBIK &% 7z, %
7=, RS RER T HICH-0, IR w-B%R
BALICEL OB LR L 72\,

Zft 2009.11.20
M 2010. 8.31

X [y

1) World Health Organization (WHO). Definition,
Diagnosis and Classification of Diabetes Mellitus and its
Complications. Report of a WHO Consultation. Geneva:
World Health Organization, 1999.

2) National Cholesterol Education Program (NCEP),
National Heart, Lung, and Blood Institute (NHLBI) &
National Institutes of Health (NIH). Third report of the

(NCEP)
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (Adult Treatment
Panel ITI) final report. Circulation 2002; 106: 3143-3421.

3) Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis

and management of the metabolic syndrome: an Ameri-

National Cholesterol Education Program

can Heart Association/National Heart, Lung, and Blood
Institute Scientific Statement. Circulation 2005; 112:
2735-2752.

4) International Diabetes Federation (IDF). The IDF
Consensus Worldwide Definition of the Metabolic

20104123 15H

Syndrome. International Diabetes Federation, 2006.

5) ARV v vV - ABKEERNERS. A
2R v 7y FO—AOER EBWEE. BARPE
SFRMERE 2005; 94: 794-809.

6) JEAEGTEIEEER. FHERNRER - REfEE T 0
T A (HEERRD « BEE. Rt BASEE R,
2007.

7) Balkau B, Charles MA. Comment on the provisional
report from the WHO consultation. European Group for
the Study of Insulin Resistance (EGIR). Diabetes Med
1999; 16: 442-443.

8) Einhorn D, Reaven GM, Cobin RH, et al. American
College of Endocrinology position statement on the
insulin resistance syndrome. Endocr Pract 2003; 9:
237-252.

9) Kahn R, Buse J, Ferrannini E, et al. The metabolic
syndrome: time for a critical appraisal: joint statement
from the American Diabetes Association and the Europe-
an Association for the Study of Diabetes. Diabetes Care
2005; 28: 2289-2304.

10) Alberti KGMM, Zimmet P, Shaw J. Metabolic
syndrome — a new world-wide definition. A Consensus
Statement from the International Diabetes Federation.
Diabet Med 2006; 23: 469-480.

11) Johnson NL, Kotz S, Balakrishnan N. Continuous
Univariate Distributions Vol. 1 Second Edition. New
York: John Wiley & Sons, Inc, 1994; 210-212.

12) Niwa Y, Ishikawa S, Gotoh T, et al. Metabolic
syndrome mortality in a population-based cohort study:
Jichi Medical School (JMS) Cohort Study. J Epidemiol
2007; 17: 203-209.

13) Wilson PW, D’Agostino RB, Parise H, et al. Meta-
bolic syndrome as a precursor of cardiovascular disease
and type 2 diabetes mellitus. Circulation 2005; 112:
3066-3072.

14) Orchard TJ, Temprosa M, Goldberg R, et al. The
effect of metformin and intensive lifestyle intervention on
the metabolic syndrome: the Diabetes Prevention Pro-
gram randomized trial. Ann Intern Med 2005; 142:
611-619.

15) Can AS, Bersot TP. Analysis of agreement among defi-
nitions of metabolic syndrome in non diabetic Turkish
adults: a methodological study. BMC Public Health
2007; 7: 353.




20104£12 4 15H 578 BARAMRE 125 1053

Development of a statistical metabolic syndrome simulator

Makoto ZUsHI*, Kazue YAMAOKA?*, Mariko WATANABE?* and Toshiro TANGO?*

Key words : metabolic syndrome, diagnostic criteria, simulator, prevalence, prediction

Objective The metabolic syndrome (Mets) is a clustering of cardiovascular disease risk factors: visceral

Methods

Results

obesity, hyperglycemia, hypertension and dyslipidemia. However, the criteria and definitions of
Mets vary among countries, and medical evaluation is not unified as yet. The aim of the present
study was to develop a Mets simulator as a tool for health policies, calculating prevalence correspond-
ing to several diagnostic criteria based on checkup results for a group.

1) The data for construction of the simulator: To investigate the characteristic of each diagnosis

criterion component (abdominal waist circumference, BMI, triglycerides, HDL cholesterol, blood
pressure, fasting blood sugar, and HbAlc) actual checkup data were applied to examine for a suita-
ble normal transformation method. Next, variance-covariance matrices were obtained using trans-
formed variables.
2) Construction of the simulator: multivariate normal random values were generated using e mean
values input by the user and the variance-covariance matrices calculated from the above process.
Next, Mets was diagnosed according to the five diagnostic criteria (NCEP-ATPIII, AHA/NHLBI,
IDF, Japan, and Ministry of Health, Labor and Welfare) to obtain the prevalence for each criterion.
By repeating the process, average and variance values for prevalence were calculated for each.

The Mets simulator was constructed using checkup data in Tokyo and performance assessment
and sensitivity analyses were accomplished. Next, two examples referred from the studies in Japan
and America, both including missing diagnostic criterion components, were examined using the
simulator. Mean and variance values of the prevalence, and missing values, were estimated using the
simulator. Change in prevalence with change of values for diagnosis criterion components was calcu-
lated. The result clarified a part of the features of the diagnostic criteria such as similarities in those

applied in Japan and IDF.

Conclusion A simulator corresponding to the five diagnostic criteria of the Mets could be developed by

generating multivariate random values, allowing assessment of Mets prevalence. Using the simula-
tor, changes in prevalence according to changes in values of components of the diagnostic criteria
were examiend. Th simulator may bring useful information for health policies to prevent lifestyle

related diseases.
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