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[ Abstract] Objective  To investigate the association between ten single nucleotide
polymorphisms (SNPs) in the peroxisome proliferator-activated receptors and pulse pressure (PP) as
well as the relationships between gene-gene interaction between PPAR o/d/y genes and PP . Methods
A total of 820 subjects, with 550 females and 270 males, were recruited from a cohort study of
“Prevention of Metabolic Syndrome and Multi-metabolic Disorders in Jiangsu Province of China
Study (PMMJS)”. Ten SNPs of PPAR o/5/y genes were selected. GMDR software (version 1.0.1) was
used to evaluate the gene-gene interactions among PPARs SNPs associated with PP. Results The
mean levels of PP in people with mutant genotype of rs1805192 in PPARYy genes (PA + AA) showed a
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significant increase by 1.341 mmHg (95%CI: 0.431-2.252 mmHg) when compared to the persons with
wild genotype (PP). In the subgroup of subjects with more than 30 mmHg levels of PP, a six-locus
model comprised rs135539 of PPARa, 152016520 of PPAR S, 1510865710, rs1805192, rs709158 and
rs3856806 of PPARy showed a highest level of prediction accuracy (0.577) and displayed a better
cross-validation consistency (10/10). In the subgroup of subjects with less than 40 mmHg levels of PP,
a two-locus model was statistically associated with PP with 0.628 of prediction accuracy and 10/10 of
cross-validation consistency. Conclusion PPARY rs1805192 was associated with the occurrence of
PP. Gene-gene interactions among rs135539 of PPARa, 152016520 of PPARS, rs10865710, rs1805192,
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rs709158 and rs3856806 of PPARy were all significantly related to PP.
[Key words] Pulse pressure; Peroxisome proliferator-activated receptors; Generalized multifactor

dimensionality reduction; Interaction
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M 22 2 S Ik R - L R 22 HAE X PP B2

M&EEFE

1. BFFEXT G2 B T VLA AR e G AR R 2 AR
S LA BB BESE (PMMIS) BAIIBF5E %R . 78
2009 4F 10 H B3 4 083 141 rhr , HE [ e 26 3 A it
AT R DRI (289 5] ) 0o 0 1L 595 (36 151 ) . BMI<<
18.5 kg/m* (27 5 ) 45 J , e Fet B i I AL 41 A il B
820 191 (L 550 451 A1 53 270 f51] ) 2R £ £ 1fi b A
FEHUDNA, 31847 PPAR #9 3 /1~ 28 SNP /Gl . 7
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B B R KR TG S5 A PR 2R R ] 1 22 S ¥ e e i
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2. WFFE 7 vE O A B 5 5 B SNP Y S T Sy
(D SNP {37 5 T 75 X 38k T e sk AR D e, sfvr T3 R 3y
AEIX ; @3 AN 5 1l R 3 AR A 5 s Qdse/ N7
FEH =5% 09303 . BTk ry 10 4~ SNP: rs1800206
154253778 Fl rs4253778 i T PPAR o 3 [H , H.
151800206 1 T45 5 #MiF 1,55 1 N & FA9rs135539;

1s4253778 i T2 7 W % F 5 12016520 F1 rs9794
fii T PPARS N |, Horp 19794 i1 T56 9 4b
F,1s2016520 i T %6 4 48 B F b ; rs10865710,
151805192, 154684847 . rs709158 Fil rs3856806 fii T
PPARYy#:[H I, Bl PPARY2 4 T B L1 rs1805192,
rs10865710 13 T PPARY3 #Mi F A2 ) i, 25 3 N
T F 11 rs4684847, 5 6 A 119 rs385680, 1709158
MiFH 2 NETF L.

16 ] QIAGEN it 7] & (12 5] Qiagen 23 w) ) 42 HX
DNA. & JHBIE A I FL vk i 4600 DNA Jit i, 47
JEOCEE I DNAMREE . 545 Bl S oy BRI
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rs4253778 i 5 ; Taqman &SGR ET VA HAth 9 4>
P28 . 52 LL ABI Prism7000 %14 Allelic
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3. fEE X' . PP=SBP—DBP; PP {Hid /M
71 ) B 0007657 P e 5 D 1 P DA |, PP 5 e T g
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M <100 3 #H I AWAH . @RI R iEL: =1 4 H 5
HK =50 ml FIB S 220 . ©TC>6.22 mmol/L
(240 mg/dl) .,TG>2.26 mmol/L(200 mg/d]) .LDL-C>
4.14 mmol/L (160 mg/dl) . HDL-C<<1.04 mmol/L
(40 mg/d1)4 351 1350 K DL bS5 50 UG S o

4. 853t 2 4 B« Lh ABI Prism7000 %% 14 #Y
Allelic Discrimination F£ 3 # 17 & [H 43 . R H
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TE 7 A% U R SO TR 22 AV AL R P TA D B
1 SR B ORI S AV RS2 DR JE R S5 48 1 2 B

2 AT H i )% (PP=30 mmHg #1 PP<<40 mmHg) 43
SHEAT LR PE [ 9437 . PP=30 mmHg (19 55 20 By
5K, 109~ SNP 1, 5 HFAE RUEL R #H7 (CC) A
HEA L , 1A 1s10865710 1) G A543 PR #5747 (CG +
GG) NHER PP 7K 1945 22 B (95% CI) 2h 2.220
(0.549 ~ 3.891) mmHg, {H & 22 4F %\ BMI [l [ | 1.
fg 5% b E , 2R G E L (P=0.051)
PP<<40 mmHg [ KA 45 21 W, 5 0 AR LI
HEHF (PP) AFEAH L, 1V rs1805192 FY A 2540 ik [R 48545
(PA+AA) NBERY PP K F- 191 34 228 (95%C1) Hy
1.349 (0.462 ~ 2.235) mmHg, {H i % 4E % . BMI , &
BB LG S35 L MUBE IS L s 1805192 FY) P 45 {37 5k [R5 47
(PA + AA) N HF PP /K F- 1 34 22 (0 (95% CI) R
1.341 (0.431 ~2.252) mmHg, 2 % H G it % = X
(P=0.004), W.3%2.3,

4. SNP [H] 5L K - LR A2 B AR5 PP G &R« LASE
£ I} PP {H (PP=30 mmHg) /F W45 J5 28 &, %5 10 4
SNP — 244 A GMDR #RUAE Ry 43 A1 R, [R] B 4
1% EFE  BMI, LR 5 | UOBE AR S 322 g0 AR
R E A7 8 8% g5 R 1R 1135539 | 152016520 |

F1 820 AT NFEHEANR PP AL FAE 43 A

FEE SONHE ik PP4L 1EH# PP4H PP PE
AR ) 50.05+9.41 47.30+9.25 47.42+7.89 52.61+9.95 <0.001
BMI(kg/m?)* 22.95+3.12 22.17+2.95 22.76+3.12 23.20+3.13 0.040
[l (cm)* 77.62+9.05 74.74£8.06 76.96+8.92 78.48+9.17 0.008
LDL-C(mmol/L)" 3.24+1.23 2.66+0.79 327+1.24 327+1.25 0.008
HDL-C(mmol/L)* 1.2940.30 1.20+0.23 1.27+0.31 1.314+0.28 0.021
TC(mmol/L)’ 491+1.12 4.48+0.83 486+1.13 4.99+1.12 0.012
TG(mmol/L)" 1.27(1.01 ~ 1.62) 1.19(0.93 ~ 1.54) 1.26(1.00 ~ 1.60) 1.29(1.04 ~ 1.65) 0.167
I HE(mmol/L) 5.01+0.75 4.92+0.72 49140.65 5.1040.82 0.001
WA ¢ 207(25.24) 1(2.50) 91(25.00) 20(4.81) 0.555
el'N 205(25.00) 7(1.75) 91(25.00) 10(2.40) 0.518
Bk 270(32.93) 1(2.50) 115(31.59) 14(3.37) 0.680
PP(mmHg)' 43.96+12.25 26.46+2.62 36.32+3.58 52.33+11.55 <0.001
MAP(mmHg)* 92.41+11.49 88.02+8.69 87.75+8.44 96.91+12.25 <0.001
SBP(mmHg)' 121.72+17.61 105.66+8.91 111.97+9.29 131.80+17.86 <0.001
DBP(mmHg)* 77.76+9.65 79.20+8.72 75.65+8.24 79.47410.50 <0.001

TE s MARIERSM SR A RS DU CEEURIBE R « W IR M50 UK (LU, %) 37 5 PP KIS 22 5 MAP - F-Bg)i ik
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rs10865710 ., rs1805192 rs709158 . rs3856806 7~ 4~
SNP Z [0 58 HAE 0 22 7 A Git 2 & L (P=
0.001) , 38 SLEGIE — F5 M 10710, - 24746 56 o1 i
70577, ik Bl F AR (K 4) o DLIEZ T PP A
(PP<40 mmHg) /£ R 45 R A8 it , 4% 10 4~ SNP — i
Y5\ GMDR AR 534 K7, [a] P A7 1 R
BMI. Ifil fi§ 5% . MBEAE by 3 A5 £ 94 AR R 47 8
#% 2R 15135539 151805192 1%~ SNP 22 1] (1)
L HAEHI 2258 G247 X (P=0.001) , 38 X5
UE—F501: R 10/10, ~F- Y46 55 ERf 20 0.628, 35 51| i
FERER (6 5),

o

S SCXT PPAR KL K (9 SNP 37 5 5 PP 1Y JC 1 43

Mrah B 5 DR 5T A 58 42— %, Wang Fil Liu*' 119
Meta 5 87 8 7~ , 75 W N BF A8 I R A XU
rs1805192 FEH Z 8 MHA . HA K T 151805192
ORISR 45 AL, T rs10865710 45457 Jik [A] 5 1 A= 7Y
AH LRI X PP (g XU BN, , (H R 38 2 IR BE AR i
J BN 2K , 5 Ding 25X} rs10865710 Al 5T 45
TR — 3 . BR 19794, rs135539. 1510865710,
151805192 5 PP {7 7F i & GRS, Hofth 6 1~ SNP ¥ Ky
R 45 5, 55 Tang 25X} 1s2016520 5 i fiLFE A IR
W REMRAERA -3, RHEN, &R T
N B3 F% S B AN R 3007 T PPAR (1) SNP [
S SRIEPEANTA], NI G | DD e b 25 55 — = nT hE

T PP A5 WA AR B8t A% Ty Stk b e 2~ BE A
Horh Z RN, 3005 PP A5 e R AU 14 G

F2 bR T I B 32 A (PPAR ) B K RN A5057 BE PR 53 A (42 PP IR 4341

FENEL R IEH PP

1= PP 4 KPP 41

SLIHFISNP i (n=390) (n=416) Pl (n=40) PE
PPARa
rs1800206 LL/LV-VV 268 96 317 99 0.407 37 3 0.008
\% 100(13.74) 102(12.26) 0.386 3(3.75) 0.011
PPARy
rs1805192 PP/PA-AA 190 174 240 176 0.124 29 11 0.014
A 204(28.02) 217(26.08) 0.389 13(16.25) 0.024
rs709158 AA/AG-GG 166 198 225 191 0.018 19 21 0.819
G 231(31.73) 229(27.52) 0.069 26(32.50) 0.888
rs3856806 CC/CT-TT 171 193 223 193 0.065 24 16 0.118
T 232(31.87) 227(27.28) 0.047 19(23.75) 0.136
T 85 A AR, 455 B AR (%) s PP ORIk 2% SNP Rl i 22850
F3 A EALYIEEASE YIS A2 14 (PPAR) 9 101 SNP 55 PP /K- (1 51 4
p HPA . Ml M2
TR SNP AR SEHIEAE(95%CI) P{H FHEEAHO5%CI) P{E
PPARy
PP=30 mmHg rs10865710 C/C 0.00 0.009 0.00 0.051
C/G-G/G 2.22(0.549 ~ 3.891) 1.542(-0.005 ~ 3.090)
PP<40 mmHg rs1805192 P/P 0.00 0.003 0.00 0.004
P/A-A/A 1.349(0.462 ~ 2.235) 1.341(0.431 ~ 2.252)
PP AR 2 ; SNP O STFIR 225 s MI R BAIRZR 40T ; M2 £ M1 Al b 3E— 25 BAR I BMI R | LIRS+ Ui
F4 PPARM 10~ SNPAZHAEHS PP E A AU GMDR(PP=30 mmHg)

g S AR P AT
s AR T4 Toil pyg LR
2 154684847, 1s709158 0.499 0.377 7/10
3 1510865710, rs4684847, rs709158 0.519 0.377 7/10
4 1s135539, rs2016520, rs1805192, rs3856806 0.548 0.055 9/10
5 15135539, 152016520, rs1805192, rs709158, rs3856806 0.527 0.172 5/10
6 15135539, 152016520, rs10865710, rs1805192, rs709158, rs3856806 0.577 0.001 10/10
7 18135539, rs4253778, rs2016520, rs10865710, rs1805192, rs709158, rs3856806 0.527 0.377 6/10
8 15135539, rs4253778, 152016520, rs9794, rs10865710, rs1805192, rs709158, rs3856806 0.543 0.377 7/10
9 15135539, rs4253778, rs2016520, rs9794, rs10865710, rs1805192, rs4684847, rs709158, rs3856806 0.546 0.377 10/10

—_
(=)

rs135539, 151800206, rs4253778, 152016520, rs9794, rs10865710, rs1805192, rs4684847, rs709158, 1s3856806  0.482 0.945 10/10

TE:PPAIKEDE ; SNP N IR Z A ; PPAR i ULy B A ST B2 1A GMDR ) L IR T Rietfirk
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5 PPARM 104> SNP3ZHAEM S PP E &1 GMDR(PP<40 mmHg)

iy ST AR S 5 T
o i frrieey
2 15135539, 152016520 0.628  0.001  10/10
3 15135539, 152016520, rs1805192, 0.588  0.055 8/10
4 15135539, 152016520, 1s1805192, rs3856806 0.488  0.828 4/10
5 15135539, 154253778, rs10865710, rs1805192, rs709158 0.483  0.377 3/10
6 15135539, 152016520, rs10865710, rs4684847, 1s709158, 1s3856806 0.480  0.945 6/10
7 15135539, 152016520, rs10865710, rs1805192, rs4684847, rs709158, rs3856806 0.478  0.623  10/10
8 15135539, 152016520, rs9794, rs10865710, rs1805192, rs4684847, rs709158, rs3856806 0.437  0.828 6/10
9 15135539, 154253778, 152016520, 159794, 1510865710, rs1805192, 154684847, rs709158, rs3856806 0.369  0.989 6/10
10 15135539, rs1800206, 14253778, 152016520, 159794, rs10865710, rs1805192, rs4684847, rs709158, rs3856806 - 0.989  10/10

TE PP IR 2 5 SNP BRI IRZ A5 5 PPAR ik ALY BHASE I R Z M s GMDR ) L2 A Tk

TE SNP [ S SCHR A M A RE B & PR a5 il o . 3
PR — & PR A2 HAE FH AT mT LA & B B RS i 20 A
2 (A RS R PR b B 0 8 R PR 5 2 A0 3
) G ] R S5OV o 4 T M A R S PP G AR 2

T I RO i 0L 5 S R 4 R I TR I AR A
HHRR-FERZE BAEH R 2 AR 128 BAE T
ORI A3 B B AR DA A B 7 Ll B DGR 3B 3% 4
AHTEIMA R, GMDR AMEREMS /M HT S48 &
ENG =20 220 WG X = W NTITE o 7] % =R e L O
1o THUIN P AR BE B SR T AR BT A logistic [R]H 46
T BB E T Y R, A gl
GMDR & L T XS B B 8 52 ‘B A F %) PP (PP =
30 mmHg ) FI Y = By 155 74 22 H {E H X} PP (PP <
40 mmHg) A W50, T PPAR/S/y =M AIZE
P[RR A e PR AR AR AE B N S 8N 1 245
57 TH P AIF T #IE 52 PPAR oU/8/y 22 6] 7716 A0 B A ]
(RIATRE ", NHRRIRR T R K HLAT A= 9 )& PPARo/S/
y = AT (R R S DY R PR L 4 PPARoFT PPARY
XU s AT L3 i L[R]30 PPAR oA PPAR Yy i 1 il
IFN-y . IL-1B . TNF-a 554 4 K197 A= | 1 2% 3 ik
s RERE 1L ; FLAT PPARadil sl 77 B 94115 i 2 A PPARYy
PR B84 T I 12 2R U B XCERLAE D, AT LA i PPAR o
(R 2 1 5 43~ ik A FH T #6314 PPARY 1% i 5 A i/
FH; GW2433 J& A2 PPARSIH i 2 AT 4, J& PPARS
FIPPAR W EE I B 71 o

AHIFEIR K B PP Y 3 [H - JE N 22 HAEFH Z 4h,
W R B PPAR o) 15135539 137 pi Fiby 2 73 5 45 437 [A]
PP XM 25 gt & X, {05 PPARYIH
151805192 137 1, 5878 AU 25 v Je [H— k2 HH BRI, B PP
JKAF 52 AH 5 5 PPAR o Y rs135539. PPAR & HY
rs2016520 F1 PPARy [ rs10865710 . rs1805192 .
1$709158 .rs3856806 137 i [ 5748 I v FE [ 15 PP ¢

) 22 I TG T2 X H K B SR B A A3f
B B, e 5 AR PP KA DG . Rl AE R
7N, BT LR - PR 52 B AR AT, R R S 32
RN 22 8] 422 B FH AT et e 4 3 =00 s AR
FH, HHLHI AT HE T 221> SNP & A IR AN [F] A
ARSI R AE PP & A R v B A, B AR A3
PR 119 320 2 5L AR /0N, H AT B sz ke ) 58 i 1) i PR A [
Y, PRIk 3 % PPAR 5215 22407 o5 A 52 HL A
R AT A B S PPIIRE R, BT
PPAR 1) 35 A -3 [R5 B A 5 v IS LA S 55
FRIHRIE B %2 PR < 152016520 F11 rs9794 Xif 5 I JEAF7E ik
LR - LR A2 AR (BB ) 5 11800206
152016520 . 153856806 Fl1 rs1805192 {37 1, 2 [A| /- 7E 55
B TG Il AE A 56 BE 9 = By 4 %1 175 PPAR o ff)
1s4253778 H1 PPARy ¥ rs10865710 . rs3856806 .
1s709158 F1 rs4684847 [H] £ 1¥ 3¢ H.1E H 5k HDL-C
I E A B9 LB AR 5 15135539 151800206
152016520, 1510865710, 153856806, 15709158,
151805192, 154684847 /\ A~ SNP 2 [a] i) 3¢ H.AE HI X}
JE 51 & PR R LAP K- BoAg B 352 m . h5iia
HIGMDR &3 T 5 PP A 5 By {83 [l rs135539
152016520, rs10865710., rs1805192, rs709158 il
1s3856806, 5 L AT B Y SCHRAH LE , ASBiF9E L B T
v A< DL 42 38 1 5 0 A O I AR A (12016520
rs709158) .
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