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Yasunori Ushida!, Ryuji Kato!, Daisuke Tanimura?, Hideo Izawa?, Kenji Yasui**, Tomokazu
Takase®, Yasuko Yoshida®®, Mitsuo Kawase’, Tsutomu Yoshida’, Toyoaki Murohara?, and
Hiroyuki Honda!%* (School of Engineering, Nagoya University, Furocho, Chikusa-ku, Nagoya 464-
8603 '; Nagoya University School of Medicine, Turumaicho, Showa-ku, Nagoya 466-8550% NGK
Health Insurance Society, Sudacho, Mizuho-ku, Nagoya 467-85303; Aoyama Clinic, Sakae 3-7-13,
Naka-ku, Nagoya 460-0008*; NGK Insulators, Ltd., Sudacho, Mizuho-ku, Nagoya 467-85305 MEXT
Innovative Research Center for Preventative Medical Engineering, Furocho, Chikusa-ku, Nagoya 464-
86015; Faculty of Pharmacy, Meijo University, Yagotoyama 150, Tenpaku-ku, Nagoya 468-85037)
Seibutsu-kogaku 88: 562-569, 2010.

Metabolic syndrome or lifestyle-related diseases develop as a result of the interaction between various
genetic factors and environmental factors. Based on the health check-up data collected during a long-
term follow-up (at least 7 years), we categorized a large sample population (n = 2061 subjects; men =
87%) into 3 groups (case: subjects who developed metabolic syndrome during follow-up; supercontrol:
subjects free of lifestyle-related risk components; control: subjects with clinical components similar to
those observed in the case subjects before follow-up). A bioinformatics approach was employed to
determine the combinational genetic and environmental factors. Two types of prediction datasets were
constructed to determine the predictive risk factors to discriminate between (1) case and supercontrol and
between (2) case and control groups. By using logistic regression analysis, we found 25 novel risk factor
combinations including 66 single nucleotide polymorphisms (SNPs) and 6 environmental factors.
Moreover, to search risk factor combinations with high prediction accuracy, we used our Criterion of
Detecting Personal Group (CDPG) in this study. We found that the combination of ADIPORI (rs1539355)
with an environment factor (smoking) was the most significant predictor of metabolic syndrome. Such risk
factor combinations, and not genetic risk factors alone, could help to identify the need to modity life style
for prevention of metabolic syndrome.

[Key words: health check-up, metabolic syndrome, lifestyle-related disease, risk factor combination,
single nucleotide polymorphism ]
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X0, BEERTD 5 —HEHEL R (single nucleotide
polymorphism, SNP) (2P L T3 EiEEHRKPIHD Y 2
RIS L FES TS, JH SO (35EE 72 IR
DIEFI908 G, fHH 149561 T X7 « v 7 [l #r
24T\, INSIG2 (1s7566605) &5 SNP3 A v XH1.61
THAADIEMEB# T 2 Z L 2FE L. ZbH D[
IO ClE, BEFOBEEEDOAZERL TS, L
L722h3 5, MetS DEINCIZ, BIZER & BRIEER O]
DEMREERT 2 EbHEDTRDEEZLND.
AHFFETIE, BRI A 15 BB P 66SNPs & B, ik
W7 & 6 BRGEN T OMEIERMHIC, a2 A7 ¢ v 71k
b3 d, & L UEE 5 AP L 72 Criterion of Detecting
Personal Group (CDPG) 9 ZH\y, S [EEH L { MetS (i<
B § 2 B (RN & RN 2 RN [ A & D Y R
T2ILET, VAZERNOBRZHIEL. INET,
VA7 EROERITIZ, & DHFRT MetS 1T L T
DRFEZM L TR WEFOKR BB ERN F 2 i 57 —
A e ar b B—)UFSEBSEIATONT WA, KiF5E
T, BEEOERRMRHGPERE T 51K B 2061 4 D
ETHEL BT D REZKT — 2 BT CTE 2 F v >~
R ARtz RfEHT T — 21, NGK Study (NCT00408824)
& LT, Clinicaltrials.gov 7 ([ZFRIRBIFEEER N TE Y,
RADEPEIT 272 2SNPT — X D AF %2 E D1 FENE
STV L. SNPT — X AT T HE 2 KBBR8 P e
R T — X DL, BRSO THFIOR NS DT
Hd. ) AZERERICBNT, BERFEFZELLZY
FRTH 27205l L3\, BREERF3AEIFA X A
WRERTENLPTWI2D, IEMUEZFHES 5 2 &
WH#Th 2 EPHEEIN TV, LrL, EifED
BEFRAIC L > Tak— M OBEFEREDORE (nr) &
MetSE% Y4 D H WA & 2, BIEER ST Th L BR

HHERICBE L THIEMICFHECTZ 2 LB A 54, @D
Bm ERRTIEI TR TH o 72, BIPIMGR OBREE R
DINA T A HBRIZANT:, D EHWY 27 HR %
RETEDLEADLNT. ZOXSRBlEN,L, B
IRy S BRRE TIRFD MetS B4 DMz E 8 L 72 2k —
N REEAT o THTA R 2 R L, IR BN & BRI EA,
W DM AGDLEITL ) A7 ERNOHEER, 8L U MetS
DFIITEIZMICEE R ) A7 HRZHER LT,

R A

BRE—L  BTETVEEAF - LDMER
Fig. 1 IZ/RT. ARWJETIZ, HARN A > DEEZKZ2
(206141, ik 180341, Lot : 25841) DRILEHH
T — R BRIt s Uiz, &9, 1999 ELLRTA 5 2006
FE ¥ THREZWGED D DKL 1458 Fl 2 HhH L f#lr o
R— b & L7 1998 4ELIRT ORERBREIA H 1212, KIBfE
LA RONZDT, WKRERETH DENHEEICZSD
IR (19994F) » HERIKIRATH D H 22 H 2%
E L7 ak— D, 19994 LLRiT DB HEIEE & 2006
O GEMFBRMEIE BMD) | IMUE(E, MUBEE, ik
f&RA, HDL 2L A7 0 — )L D EG K B A I H % 3 &
T2 LT, BB MetS Tlx7e <, BERHEF
WZH 721 MetS [T Y T 2 &gl S L fER 78 B
(Case), BEFFHIREIF, Zh5 OEEKRBKREREHEHIER T
HY, MetS ITIFF o7 YL EYE 188 fl
(Supercontrol), BFRBHIARE S Tld Case & 245 DERIK
BEEBEAELIL 7288, BFRHE T MetS (2354 L
R E W X 4L EER] 76 61 (Control) % 3 DD E L
T#EK L7z, MetS BH#EY X7 BERDEETIE, Case &
Supercontrol DIHEL (f#Hr*F4 1), Case & Control Dt
B (T 22) LW 20Dt R A REEL, ) R

A large sample population of 2061 subjects (men: 1803 samples; women: 258 samples)
This study included analysis of health check-up data collected during a follow-up period of
<15 years

v

The subjects who underwent health check-ups for at least 7 years (1458 samples )

N4

Analysis dataset 1

Case: a subject who developed
metabolic syndrome over follow-up
78 samples

VS.

Supercontrol: the sample free from
lifestyle-related risk over follow-up
188 samples

Analysis dataset 2
Case: the sample that fell
metabolic syndrome over follow-up
76 samples (except female, diabetes)
Vvs.

Control : the control sample similar to
MetS in clinical component®
before follow-up study
76 samples

Fig. 1. Analysis model of metabolic syndrome. # Clinical test components: age, BMI, systolic blood pressure, diastolic blood pressure,

total cholesterol, triglycerides, HDL cholesterol, glucose.
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BER AR U7, R RIS RHUE 2 KRB et a2 W
T =X &AW TIERE 4, SNPD Y X7 HK % T C
XD, INEFTLEEIHETELRWIEHEELRRRTH 5.
WRIERE oY ATy ZRESITIE, YAV E
ROHEE & LT, AIEEER & BEHE D H 5 66SNPs,
BLUMREE, SO, SRR, BERRREY, SR IiE
M, SIRRIMAERZ S D 6 BEEIK T 2 iz, SNP I
major (AA), hetero (Aa), minor (aa) &\5 32D
TLIWE A 7%, dominant (AA vs. Aa + aa), recessive
(AA + Aavs.aa) (T - T#EJIL 7. CDPG f#fh Tl
66SNPs & B, FRGY, 5 IRIRIMUAER 24 D 3 BREEIN 1% )
ZZHERNEHE L., 20 3RERTIX, SIE R
W, Bl IAE & 1308, MetS DYWL T ERES Y L
Rz, BN 2 7 ERTHIUL, WEEPEZ D L
Wole kST, U AZERNERBRINGEITT FNA

AABERIHH TH .
BRfTFE &I, Case, Supercontrol (or Control)

VS 2BET NIV EGEEAR, ISNP RN AHE Licn
PAT 4y ZEIESHIC LY, Pvalue < 0.05 DILHET
MetS B SNP 2B L7z, ki, ThE TOMMNTIE
T2 > 72 SNP & BREL KT D M8 A & o it
Zirofe. £9, ISNP + I BRERF2M 2 HE L, 5t
792 0 (66SNPs x 2 (dominant or recessive) X 6 38
BRTF) OfAELEITH L THEENICOS AT v 7
mIF M 24T, SNP, BREEAF & b P value < 0.05 &
7% MetS ICB# T2 Y X7 BERZFER L. £ LTk
&I, ISNP + I BREENF 2 M 2% & L, CDPGIT & -
T, 713968 Y (66SNPs X 2 (dominant or recessive) X
SERERT) OFH 5, MetSDFHENTLERY) A7 FHK
ZRR LT, CDPG (&, X (1) TERbEH, HHEDY
AV RS, BEOHEEICHELRY X7 BROAZE
RIDHEETH Y. RKFETIE, o X7 1 v 70l
M GHENZZARL 0 ISNP+1BREERF) THRE Y R
JERP D, BENY AT7EHREFL, @EENY R
BERZF L OWERZIERRICHER L 7.

N/ N .
CDPG = max Case Control it: (1)
N N

Case Control

Ney :CaseDFEBIEL N, : Control DAEHIEL
N&, - mfED ) 27 ZRD 5 BH1-OLL EIZEZ Y T 5 CaseliE i3
NZ o s 0fED U 2 7 BEK D 5 H1-2LL EIZ3%24 7 % Control iEBIL

CDPG ZRIERMEDBE TR D0 HET 2 HED T
ETHY, HERIERMEDERL 2 A7 ER AT
Bhoteh, BEEHEL, UTEFE2)AVERY
RIEEREHTET D, —J, WIhD) 27 ERICH Y
TR ORWVEE, lEE EHET 52 EWAfEICR 5.

PDEokoiz, aox7 ¢y Z0ESH RISIAER
ISNP+ 1 EBIERF) & COPG#T 2 A GhbE 5 Z LI
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L0, TNF TOMNTldfroNeh -7 SNP & IREER
F O AGDOE T 2 ER L, VX7 BREPHEER
L.

L S

£ 07k — b OFEMm FTEEDSIX, £aF— MEH
RAATHICEIi S 2 2 & T, frar— b ELTDHEY
PEZMEE L 72, R 15 F IR S — R EEORBEZKY2
& (206141, itk 180341, M 258%1) D5 H, i
ETED EOBWREDD DRHN145841T, ZD5H
BIFE (2006 ) MetS &2 WX Al 151 61 CPHE
¥44.55%), ZDEIE1310.4% (=15141/145841) TH -
7. AT B 2004 - AR « SREFE DO ITED
L&, BARIZBIT 2 MetS DFERAIE & 1F, 130K T4.0
%, 40%fAT10.83%, 50/&fNT14.2% (FLDF5ME) |
THY, Kak— T —=XIZET 3 MetS DEIE 10.4%
&, 40D EEFEH10.3% EZERBETH- 7. &
72, 1999 £ LIHT D BEFBHIARE & 2006 FDEFK R ETE H
B2 5, THL DO BHFAHFICH 7212 MetSITiEH4 L 72
ZREILT8H, 5.3% (=78H%1/1458%1) Tho7:. £H
FEITBNT D, 7 — X OB & LU 72 30 5%
XA 5 40 %A D 10 FEH DFEFZ(L T MetS G503 6.3%
(301t 4.0%—405%1% 10.3%) HINL Tk 0, BRI
D MetS BN & b 2EVFH ERBETH -7z Dk
DT EPDHRMN AR — ML, NA T XD 2
K= THBEVZ D,

MR — M EEM EEHEDIL, £aR—bT—XF
7 5 Case vs. Supercontrol D542, Case vs. Control
DT R2EIR L. 2L C, VAV ERZEHEET S
BIZ, 206 Dt gn 4 B O RIEHFAET — X O
FETHEINA T AR/ A XDV T —RTH b,
B A PAARF OREIR AT H 2 MGt L7z (Table 1) .
Case vs. Supercontrol DL (M5 1) T, BIH,
PERIE, FREE ZBRWT, BTSRRI EN R SN
(P value < 0.05). —75, Case vs. Control DI (FRHT
X5 2) TiE, mIIMAEZERWT, M REICET R
bz ofe. TDI &b, Case vs. Supercontrol &
WIS RS, MetS & WS FERZ L O IEfEICZET 27
WD) ZAVHAZHERT2DICEHTH Y, Casevs.
Control & W5 MR EEL, MetSZTHIT 570DV X7
BERE2RERTI2OCHFATDHD LV 5.

AYRT ¢y VARG RILZEH  ISNP) i i
X421, 1) A2 ¥R Case vs. Supercontrol 3 £ U, fEHT%
2, Case vs. Control D HESHREIT B W T, EIEEER &
DEE N RIZ 2 1% B EA (66SNPs) (B L T, 1SNP
TORMYERE LI:O P AT ¢y Z RS 21T 272
fEfrxi 4 1 Tld, 66SNPs 1 7SNPs T, x4 2 T,
5SNPs TMetS & DHE A BEM:A 5172 (Table 2a).
fEHTR 2 1 ClE, 1 TH ADIPORI (rs1539355) dominant
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Table 1. Clinical characteristics of the case, supercontrol and control groups (Characteristics before the follow-up study).

Analysis dataset 1

Analysis dataset 2

Case (N=78) Supercontrol (N=188) Case (N=76) Control (N=76)

N % N % P value? N % N % P value?
Sex, Male 77 98.72 152 80.85 <0.001 76 100.00 76 100.00 1
Smoking 52 66.67 82 43.62 <0.001 50 65.79 44 57.89 0.241
Drinking 64 82.05 146 77.66 0.405 62 81.58 55 72.37 0.173
Hypertension 17 21.79 0 0.00 <0.001 17 22.37 12 15.79 0.409
Diabetes 1 1.28 0 0.00 0.293 0 0.00 0 0.00 1
Hyperlipemia 25 32.05 0 0.00 <0.001 23 30.26 36 47.37 0.045
Hyperuricemia 10 12.82 2 1.06 <0.001 10 13.16 9 11.84 1

Analysis dataset 1 Analysis dataset 2
Case (N=78) Supercontrol (N=188) Case (N=76) Control (N=76)
Mean SD Mean SD P value® Mean SD Mean SD P value®

Age (year) 31.5 7.5 30.1 4.7 0.156 31.3 7.6 33.1 4.7 0.084
Height (cm) 171.8 5.8 168.7 7.1 <0.001 172.2 5.4 170.6 5.9 0.098
Weight (kg) 68.0 5.9 57.9 7.3 <0.001 68.2 5.8 66.6 6.5 0.115
BMI (kg/m?) 23.0 1.4 20.3 1.9 <0.001 23.0 1.4 22.8 1.5 0.538
Systolic blood pressure (mmHg) 129.9 12.4 115.8 10.9 <0.001 130.0 12.5 127.5 11.2 0.203
Diastolic blood pressure (mmHg) 78.3 9.2 69.3 6.8 <0.001 78.5 9.3 76.2 5.8 0.064
Total cholesterol (mg/dl) 188.7 29.7 164.9 21.3 <0.001 187.0 28.5 192.6 33.2 0.302
Triglycerides (mg/dl) 147.9 74.7 72.0 34.2 <0.001 148.1 75.9 138.0 66.1 0.428
HDL cholesterol (mg/dl) 48.5 11.5 57.8 9.7 <0.001 48.2 11.0 50.7 7.7 0.154
Glucose (mg/dl) 92.2 9.7 87.9 7.9 0.006 92.1 9.8 94.6 7.7 0.132

4 P values were analyzed using Fisher’s exact probability test.
b P values were analyzed using Welch’s ¢ test.

CBWTRLABRRZEEIRENT: (v X = 2.65,
Pvalue = 0.007). # v XHil, ) A7 ERICEY T 256
I, MetSIZREMT 2 ) A7 DMAIfEHEINS % 2 7R L7z fa e
Tdhb. £72APOAI (rs11216158), APOC3 (rs2854117)

&, RS, 205 CTHEERBENS T RI N, ZD
RMTRERE, N E COMT CIIAEETH o7z, KR
o EEIMEREZH T — % 2 HWTIER E 172, LY

BEEOEWRITERTH 5.

OYRT 1y 7EFESH (BIIZEH  ISNP+1IRER
F) WIZ, ZNFE TORNCldirhbiiah - 72 SNP
ERER T DM AS DY R 217 > 7. ISNP+ 1
BRERF 2N AR E L, MENCaY AT ¢ v 7[Eg
I RITo7 8 T Ah, %1 T2 DMAEDLENY
A7 HER E L TEIRZI N7z (Table 2b). Table 2b, SNP
RISK i&, ¥R 7 ¢ v 7ElkgEotr (R Z% : 1SNP)
XD SNPHY X7 TH o260 % v XM, environ-
mental factor RISK I, ©@ AT « v 7 [allgsthr (JEST
B 1IRERT) KXORERTN) A7 ThHhoTe
BEEDT v XH, SNP & environmental factor RISK (3,
TP AT 1y 7 EESHT NS - ISNP+ 1 BREER T
I2X U SNP EBERFOWH & N X7 ThH o7
BDF y A AT . LEPR (rs1137110) (%, &SI0HEH
W EIEIMAERZ Y, SRERIMAE M, BE - O 4 {lAs
DB FEIR X A7z ADIPORI (rs1539355), APOAI
(rs11216158), APOC3 (rs2854117) (%, miMEz%4,
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ERBRIMAERS Y, B & D3 A B DO IERZI N, &F
72, TS 2 T8 WT, HAGDE ) A7 BERITER
TNahoie.

CDPGERAW-MetSOFER  K&IZ, LikiD2o0D
AT BB L C CDPG 2 V% 2 & T, MetS DT
Zh B ) R ERZBER LT

R 1 TlE, aP 2T ¢y ZEESH RS2
B ISNPH1REER ) TERZINHABEDLEY XY
BRIZHA LT, CDPG @2 T->72& 25, ADIPORI
(rs1539355), AADY = / XA 7 L RO A EGHED
MetS DHEEIZHELRME—D ) A7 HK & L TRIRS 4,
DN A7HERZHDAZCase & LTHZEL, Blkw
A% Supercontrol & U CTHERE L 72356, IEEHRIZ 70.34
% T o7 (Fig.2). ADIPORI (rs1539355) & WD
HHEDYRAVHEREZRET 27)V—T (A) &Z0nU
HNDOTN—T (B) ZHFEE, AlZB XY H MetSIiC
FMT2YRY (Fv X)) 1F421f5L &L, 2OV R
7R E OB EMEDOBH NIE, AREKEE. =253 x 10
(=0.05/66SNPs/3 Bi5ifRT), Case & Supercontrol D4
> 7OV K AR & [FRE, Case 7661, Supercontrol 187
BlE Liesit, #MHiNIE93.23% Th - 72,

F 72, MRHTAIE 11238 W TADIPORI (rs1539355)
EWED Y X7 BRRA L BT, BEE D BMIA
{LDOBRZFE L 72 (Fig. 3). ADIPORI (rs1539355),
BUEDM &b ) X7 BREZRET 27V —7 (SNP &
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Table 2. The selected risk factors with logistic regression analysis.

(a) Follow-up study results for 66 SNPs (includes all signals with P < 0.05).

Analysis dataset 1 RISK frequency(%) Logistic regression analysis

. . RISK NO RISK Case Supercontrol Odds ratio
SNP identifier Gene Model genotype genotype (N=78) (N=188) (95%CI) P value
rs1539355 ADIPORI dominant AA AG + GG 86 70 2.65 (1.30-5.39) 0.007
187539542 ADIPORI dominant GG CG + CC 74 61 1.84 (1.02-3.31) 0.042
rs11216158 APOAI dominant CT+TT CC 42 28 1.87 (1.08-3.24) 0.026
rs662799 APOAS5 dominant AG + GG AA 62 48 1.74 (1.02-2.99) 0.043
rs662799 APOA5 recessive GG AA + AG 17 8 2.31 (1.04-5.11) 0.039
rs2854117 APOC3 recessive CC +CT TT 86 72 2.39 (1.17-4.88) 0.016
rs7965413 VWF dominant CT+TT CC 74 62 1.80 (1.00-3.24) 0.050
rs1137100 LEPR dominant GG AG + AA 72 55 2.18 (1.21-3.91) 0.009
Analysis dataset 2 RISK frequency (%) Logistic regression analysis
. . RISK NO RISK Case Control Odds ratio
SNP identifier Gene Model genotype genotype (N=76) (N=76) (95%CI) P value
rs388915 AGTRI dominant AA AG + GG 89 76 2.64 (1.07-6.51) 0.035
rs5186 AGTRI1 dominant AC + CC AA 26 13 2.36 (1.02-5.45) 0.045
rs11216158 APOAI dominant CT+TT CC 42 25 2.18 (1.09-4.35) 0.027
rs2854117 APOC3 recessive CC+CT TT 86 70 2.56 (1.15-5.73) 0.022
rs12953 PECAMI dominant CC CT+TT 28 11 3.25 (1.33-7.89) 0.009

(b) Follow-up study results for combinations of 66 SNPs with 6 environmental factors (includes all signals with SNP P < 0.05 and environmental factor P
< 0.05).

Analysis dataset 1 Odds ratio (95%CI)

rs1539355 ADIPORI1 AA AG + GG Hypertension 2.65 (1.30-5.39) 13.3 (4.29-41.0) 35.8 (5.3-241)
rs662799 APOAS GG AA + AG Hypertension 2.31 (1.04-5.11) 13.3 (4.29-41.0) 33.0 (4.6-238.7)
rs6141 THPO CT+TT CcC Hypertension 1.53 (0.85-2.77) 13.3 (4.29-41.0) 34.5 (5.5-218.8)
rs7539542 ADIPORI GG GC + CC Hypertension 1.84 (1.02-3. 31) 13.3 (4.29-41.0) 32.6 (5.4-198.4)
rs11216158 APOAI CT+TT CcC Hypertension 1.87 (1.08-3.24) 13.3 (4.29-41.0) 30.8 (5.4-174.7)
rs2854117 APOC3 CC + CT TT Hypertension 2.39 (1.17-4. 88) 13.3 (4.29-41.0) 38.2 (5.5-264.7)
rs1137100 LEPR GG GA + AA Hypertension 2.18 (1.21-3.91) 13.3 (4.29-41.0) 29.0 (4.9-174)
rs1255998 ESR2 GG GC + CC Hyperlipemia 1.55 (0.88-2.71) 26.4 (9.28-75.3) 120 (16-898)
rs1799983 NOS3 GT +TT GG Hyperlipemia 0.83 (0.39-1.75) 26.4 (9.28-75.3) 96.0 (10.7-858.7)
rs1799883 FABP2 CT+TT CC Hyperlipemia 1.26 (0.74-2.17) 26.4 (9.28-75.3) 92.5 (11.8-724.1)
rs1137100 LEPR GG GA + AA Hyperlipemia 2.18 (1.21-3.91) 26.4 (9.28-75.3) 67.0 (9.0-500.5)
rs1539355 ADIPORI AA AG + GG Hyperuricemia 2.65 (1.30-5.39) 13.7 (2.92-64.0) 30.3 (3.1-295.2)
rs662799 APOAS5 AG + GG AA Hyperuricemia 1.74 (1.02-2.99) 13.7 (2.92-64.0) 30.0 (3.6-251.8)
rs11216158 APOAI CT+TT CcC Hyperuricemia 1.87 (1.08-3.24) 13.7 (2.92-64.0) 27.8 (3.3-232.2)
rs2854117 APOC3 CC+CT TT Hyperuricemia 2.39 (1.17-4.88) 13.7 (2.92-64.0) 32.9 (3.3-327.2)
rs7965413 VWF CT+TT CC Hyperuricemia 1.80 (1.00-3.24) 13.7 (2.92-64.0) 26.7 (3.1-233.2)
rs1137100 LEPR GG GA + AA Hyperuricemia 2.18 (1.21-8.91) 13.7 (2.92-64.0) 47.9 (3.3-703.9)
rs1539355 ADIPORI AA AG + GG Smoking 2.65 (1.30-5.39) 2.77 (1.58-4.87) 11.5 (3.0-43.2)
rs662799 APOAS5 GG AA + AG Smoking 2.31 (1.04-5.11) 2.77 (1.58-4.87) 7.11 (1.72-29.35)
rs1255998 ESR2 GG CG + CC Smoking 1.55 (0.88-2.71) 2.77 (1.58-4.87) 5.64 (1.76-18.10)
rs1255998 ESR2 GG + CG CC Smoking 2.08 (0.99-4.38) 2.77 (1.58-4.87) 6.24 (1.65-23.64)
rs7539542 ADIPORI1 GG CG + CC Smoking 1.84 (1.02-3.31) 2.77 (1.58-4.87) 6.38 (1.95-20.94)
rs11216158 APOAI CT+TT cC Smoking 1.87 (1.08-3.24) 2.77 (1.58-4.87) 6.08 (1.93-19.16)
rs2854117 APOC3 CC+CT TT Smoking 2.39 (1.17-4.88) 2.77 (1.58-4.87) 6.05 (1.61-22.66)
rs1137100 LEPR GG AG + AA Smoking 2.18 (1.21-3.91) 2.77 (1.58-4.87) 5.67 (1.73-18.52)
Smoking RISK) &, SNP DAD Y R 7 EREZHRET 3 [kg/m?], EPREBMIFHME = 23.41 [kg/m?], P value =
7 )v—"7 (SNPRISK), BHEDAD ") A7 ERZRET 3.24 X 107).

%7 )V—7 (Smoking RISK), ) A7 ER %% o724 b7z
W7 —"7 (NO RISK) &HAT, BEHi%ETH LD
7 BMI O EADHE SN GEFRET BMI V5 = 21.84

—J5, M52 TIX, g AT 1y ZElEotr Ok
MAEB D ISNP+HIEREIR ) & FRR, MetS O I A
7 A7 BRIERI i o 7.
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Fig. 2. Results of the CDPG combination analysis (analysis dataset 1). (a) Risk factor combinations selected by CDPG. (b) Accuracy of the
prediction of metabolic syndrome by using CDPG. The prediction accuracy in analysis dataset 1 was 70.34%. Prediction accuracy is
the percentage of correctly predicted numbers (MetS numbers: samples that have assigned to more than 1 risk factor by CDPG; Non-
MetS numbers: samples that have not been assigned to any risk factor) in the total sample numbers.
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Fig. 3. Comparison of BMI variation in each risk group (analy-

sis dataset 1). P values were analyzed using Welch’s ¢ test.
The error bar indicates SEM.

BfEROFT LD A ROENIN A Fig. 4 (TR
T, INE TOMTCTIEIATTETH 72, SNPT—X %
BUORBUE L RIEPMERZE T — 2 2 AW T, 347
BERAZISNPELTHY AT « v 7@t 2475 Z & T,
MetSIZHIZ B3 5 SNP & L TADIPORI (rs1539355),
APOAI1 (rs11216158) , APOC3 (rs2854117) HSHEIR X
7z (Stage 1). &KIZ, THF TOMM TlIATbNAH >
72, SNP L BREIR F2#@ENICHAGDE T Y X
Ty ZEROHRTY LIk, g1 525
DA G L) A7 R ZE N L 72 (Stage 2). E&IT,
CDPG @t #4725 T & T, ADIPORI (rs1539355) & "2
FEDOMABDLED MetS DB TR O FRAZY X7 ERA
&L TEIRE N7 (Stage 3).

Sample

Analysis dataset 1  Case: 78 samples
Analysis dataset 2 Case: 76 samples

Vs.
Vs.

Supercontrol: 188 samples
Supercontrol: 76 samples

Stage. 1 Logistic regression analysis
Independent variable: 1 SNP

Three SNPs (ADIPORI [rs1539355], APOAI [rs11216158], APOC3 [rs2854117])
were strongly associated with MetS.

Stage. 2 Multiple logistic regression analysis

Independent variable: 1 SNP and 1 environmental factor

Novel 25 combinations of risk factor were selected (analysis dataset 1).

Stage.3 CDPG analysis

The combination of ADIPORI (rs1539355) with environment factor (smoking)
was selected as a most significant predictor of metabolic syndrome (analysis dataset 1).

Fig. 4. Summary of the analysis results.
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Apolipoprotein BZFDHEE AW EO 1 P X
T 4y ZIE A HT RSZZEE  1SNP) I28 W T, APOAL
(Apolipoprotein A-1, rs11216158), APOC3 (Apolipoprotein
C-111, rs2854117) 7%, fRHTRIZ 1, M52 D)y
5 MetS DEHH SNP & U TR 472, APOAL/C3/A4/A5
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