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Relationship between osteoprotegerin and in-stent restenosis in patients with coronary

heart disease complicated with diabetes after percutaneous coronary intervention
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[ ABSTRACT ] Aim To investigate the relationship between serum osteoprotegerin (OPG) and in-stent restenosis

(ISR) in patients with coronary heart disease complicated with diabetes after percutaneous coronary intervention ( PCI).
Methods From 1 652 diabetes patients undergoing PCI and follow-up angiography at approximately one year, 135 pa-

tients were diagnosed with ISR, while 85 patients without ISR were randomly included as controls. ~ Serum OPG levels and

biochemical indexes were examined.  General clinical data of the study subjects were collected. ~ Multivariable Logistic

regression was used to analyze the independent risk factors of ISR. Results Serum OPG levels were significantly high-

er in patients with ISR than those without ISR (P<0.001). Patients with ISR had higher rates of smoking, higher values

of serum creatinine, total cholesterol, low density lipoprotein cholesterol (LDLC) and high sensitivity C-reactive protein

(hs-CRP) , lower values of glomerular filtration rate (GFR) , more involved vessels, more severe lesions in coronary arter-

ies, less treatment of dual antiplatelet therapy, diabetes control drugs and statins, and smaller stent diameter as compared

with patients without ISR (all P<0.05). The patients were further divided based upon the tertile distribution of OPG.

Multivariable Logistic regression analysis showed that OPG level was an independent determinant of ISR with an odds ratio

of 5.349(95% CI. 2.049 ~13.967, P=0.001) and 2. 711 (95% CI. 1. 095 ~6.710, P=0.031) for tertile 3 and 2 com-
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pared with tertile 1 after correction of possible confounding factors.

Conclusion Serum OPG level is associated with

the presence of ISR, and it is an independent risk factor of ISR in diabetes patients.

22 7 55 4R B kA AR IT (percutaneous coronary
intervention , PCI) JF- 81 T35 7 76 IR 3Jy ik 52 95 19 37
o B2, PCL AR J5 W] & A 48 N FE AR 78 (in-stent
restenosis, ISR) "2 | R 54 R LML, 259
Ve SZ 22 ((drug-eluting stent, DES) 42 A i 35 B#EAIC T
ISR (IR & £ % H ISR A5 0 611 3% ~20%
FEIBT B R AR RE fa R R (RS
HBEIRAR ) A A DES Fymi

HIR-PEK (osteoprotegerin, OPG ) J&— Ffi i] i P
SRR, AT «B SZARTE AL FBC A (receptor
activator for nuclear factor-kB ligand , RANKL) AR
TG RN AZ A T T4 RANKL S H: 240 i 2% 1
ZARKZIHF kB A2 AT AL F (receptor activator for
nuclear factor-xB, RANK) 9 A ./ Fi*), OPG/
RANKL/RANK F e i1 4 i 5 S B A QI i) 90155 (R
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PIR IS4 Y 4] OPG nl e 3 B ik afi 45 -
1 WLZM M ( vascular smooth muscle cells, VSMC) 17
T S LA S 0 i FL A B B 00 494 S i 2 bk S v
LA AR TR RS FERE 1 I RIS 2R B AR ER
Hr OPG KV Tt i 5 2l bk ok A B 1 174 28 g 38 1™
PRI DL SO B I O o R ) R R A R
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OPG 5 PCIJ& ISR KR AN, AMF 588 s 1
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1.1 ME3H

F2010 41 A—2015 %7 A% LiER#E A F
E¥RMERALERITPCIAEL 1 ERETEK®S
FRER AN 1652 Bl RmAEH+ , H kg 18
M A 9B (S B <45% ) R R IR A
o B A S R R B0 AR B, H 135
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1.2 77k

ARWELE , ERRFHEY ZWRENA
B AW AR A, 7 Hitachi 912 24T 50 E AR I i 4% |
mRERE KR EEEE REEKEEAKE
[ B2 (low density lipoprotein cholesterol , LDLC) | % %
J& fig % & BB [E B (high density lipoprotein cholesterol ,
HDLC) & A (a) #Hfk A A H/E& A B H
W ER(F KB/ F , Mannheim, /& E ), #F b i
41 A ( glycosylated hemoglobin, HbAlc) ¥ & i 3¢
5 JF B F 24 8 RURAE & 3 U Bio-Rad & S 1 4T
8 & % 45 (Bio-Rad Laboratories, Hercules, CA
USA) #ATR 30,  7 AL OPG, MK R, bl
1500 g B2 15 min, & 5 Wi % 2 & T-80 Cuk
M A, R ELISA 7 & ( B %5 DY805,R&D
Systems , ¥ &, # 3k M, £ [E ) M| & M 7 OPG A -F,
1.3 FHiFESH
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AR FEL,HEA SN EEXE, £HE Lo-
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56 ISR 4 AH HE, ISR 21 £8 35 1) W AR & A SR o
e, ML WLISE S IE R | = 8 C SO 25 1 (high sen-
sitivity C-reactive protein, hs-CRP) .LDLC 5 OPG 7K
S-S fHH RERE 25 W a7 B T D SR Bl ko AR
W, BNMAE 2 B /NERDE i (glomerular
filtration rate, GFR) | Ifil. /& HDLC 7K FHEAK, 242
BH/N(P ¥1<0.05) , WALTEME M A K4
B Hs | g I RE GO ILRE BE L i s A AR AR
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ventricular ejection fraction, LVEF) fifi F XUE $¢ 1fi./)>
WRIBTT X AT 2R 259097 AT B 32 A4 B R IA
7 T i A5 K 5K 2R % 5 A 1 1) (angiotensin con-
verting enzyme inhibitor, ACEI) /il & & 7K & 2 1K $5
#7177 ( angiotensin receptor blocker, ARB) J&¥7 .PCI K
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HI IR B KA AR T | S AN BRI S R K Dy I
BTGB L (P ¥>0.05;3% 1),

x1. MABRERNELE

Table 1. Baseline characteristics in patients with and
without ISR

i H JCISR(n=85) ISR(n=135) P1i
B[ B(%) ] 57(67.1) 97(71.8)  0.272
i 66.13+8.89  66.15+£9.51 0.984
KR (kg/m®)  25.97+3.25  25.90+3.25 0.890
AR/ [ (% ) ] 25(29.4) 62(45.9)  0.016
LR/ [B(% ) ] 71(83.5) 102(75.6)  0.179
e i/ mmHg 137.34+19.24 139.08+20.97 0.537
&7k ./ mmHg 75.90£10.28 75.87+12.36 0.984
FRIMAE/[B1(% )] 23(12) 40(19.9)  0.760
E}gﬂﬁiﬁfw 27(27.1) 40(29.6)  0.765
M7 ILEF/ (mol/L)  78.78+18.28 90.73+20.87 <0.001
GFR/[ mL/ (min *
173 m?) ] 94.65220.20 79.86+18.06 <0.001
HbAlc/% 7.34x1.30  7.44x1.46  0.604
I/ (mmol/L)  7.02+2.27  7.08+2.75  0.870
Hil =M/ (mmol/L) 1.64+1.06  1.68+1.39  0.800
MARREIEE/ (mmol/L)  3.4320.98  3.90+1.49  0.011
HDLC/ ( mmol/L) 1.0620.33  1.00£0.24  0.111
LDLC/ ( mmol/L) 1.98+0.73  2.22+0.90  0.033
1.4 )
hs-CRP/(mg/L) 55 _5.48) (1.42 f;.zo) <0.001
2.64 .91
OPG/(pe/L) (1.92 ~63.52) (2.5? ~96.96) <0.001
LVEF/% 62.92+7.52  61.72+8.80 0.298
IRIT/ [ B1(% ) ]
SEHM/IMIETT  83(97.6) 124(91.9)  0.086
ACEI/ARB 55(64.7) 94(69.6)  0.462
B A2 A BEL 73(85.9) 116(85.9)  0.993
fiT2:254 82(96.5) 121(89.6)  0.073
R IMUHHE 24590 71(83.5) 96(71.1)  0.037
FEAR BRI AE/ [ (% ) ]
LEEF 2(2.4) 9(6.7) 0.210
EHTRE S 67(78.8) 106(78.5)  0.957
ZE Il =2 41(48.2) 79(58.5)  0.165
A AR Bl ik 44(51.8) 79(58.5)  0.333
T AR/ [ % ) ]
1 3R 36(42.4) 48(35.6)  0.264
2 STIRAS 31(36.5) 45(33.3)  0.664
3 AR 18(21.2) 42(31.1)  0.122
£ AR 49(57.6) 87(64.4)  0.322
FEEAR B K B R/ [ (% ) ]
B2/C Hyg7g 47(55.3) 101(74.8)  <0.003

A T ISR(n=85) ISR(n=135) P1i
I3 X7 20(23.5) 44(32.6)  0.171
18 1 0 2 A FE R AR 8(9.4) 25(18.5)  0.081
%C/ﬂéfgfjj]m%& 88.30+7.78  89.98+7.20 0.104
S ANEL 1.93+0. 81 1.82+0.72  0.308
Y HA/ mm 3.05£0.51  2.87+0.45 0.008
F R/ mm 41.16£7.40  42.71£7.25 0.660

2.2 Logistic B4 #7

OPG KP4 = A i B 41 FE RS OE T PR 51 AR
LEIREN R T RINY 5B [N RS N o 7/ K L < T
GFR \LVEF 251697 eIk 3l ks 28 7™ FE i ok
ARG AS i SR B AR | SCAR K B AR ] BB Y TR
ARG, MG OPG /KP4 KA ISR 1y KUK 21K
KB 5. 349 %5 (95% CI M 2.049 ~13.967,P =
0.001) , Hr/K -2 % A= ISR Ay XU J2 % 7K SF- 41 1y
2.711 1%(95% CI 2~ 1.095 ~6.710,P=0.031) , it
W] OPG J2& ISR Myl 37 fG ks R & | 1L OPG /KK 5
ISR & AAHSE, & GFR (hs-CRP A HIHH IR 2
Z5YNAYT B2/ C B A A8 S 4 P FE 0 AR AN
S ZR E AR ISR A fafe IR (% 2) .

3 i i

OPG 11 9 A 5 25 15 i 9g SR A6 IR 1 32 1R 5 ik
() — 5, Hof AR A A I AUk A7 BF 5T, ok BT
DASHL b8 F5 200 i 43 A 0 i 412 1 15 6 T B R T B 1
JREAN . AR ST KB, OPG 7E N 43 Wb AR 8T
i gRE | o LA B E 8 RE IR 38 A I B A
FHUOT e B R A O I A DA B A 8 A E U, I 3
OPG K- Fh i & B e ob 3 i s A | i 4 1 1k S
TR KRB A AN R A T RgR R,
SEEIR B o A5 U RIS OPG /KF-FH S T, #8 R
OPG TETEIR h ik ol A s A 1 & Ak J v R 3 E 2L
YEH, R &3 OPG 7Kt 151 5 e 00 0 114 7™ B
JEB ST A OE 2 AR ML B e BEOIR SR 1fi
DT JRE R IR , OPG 3 15 7K A 0 1M 45 255
TR, HER OPG 7 I 45 B Y8 M v & 4 o B4
o PCI ARG rf 52 22568 1 A8 1 B4 407, 51 il 4
r 21 i L2 L ) ot 2 N R E RS 2 PCI RS &R
ISR A Z RN W58 3 0, I 48 20 2 4 ) v i
JE AN OPG Rk T F 5, s kM
WH PRI B8 25 oy A S ko RE A Ak, AT 5 | A 2 22
REODMAEHEE BERIGTER PCT ARG &4 ISR
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% 2. ISR BI% [E 3 Logistic BJ3 447

Table 2. Multivariable Logistic regression analysis for in-stent restenosis

AL 1 (AL E OPG)

AL 2 ({15 OPG)

i OR {H(95% CI) P14 OR {H(95% CI) P1{H
1i.3% OPG /K3 <0.001
7K S 4H — — 1(ref. ) —

HK 20 — — 2.711(1.095 ~6.710) 0.031

K4 — — 5.349(2.049 ~13.967) 0.001
3 1.056(0.441 ~2.529) 0.902 1.019(0.976 ~1.064) 0.390
AEIS 1.014(0.973 ~1.057) 0.500 1.149(0.454 ~2.905) 0.770
[NER 1.020(0.912 ~1.142) 0.725 1.009(0.896 ~1.136) 0. 880
I 0.663(0.260 ~1.694) 0.391 0.662(0.253 ~1.735) 0.401
1= B IR 0.882(0.375 ~2.076) 0.774 0.869(0.362 ~2.085) 0.753
% AR 1.384(0.557 ~3.438) 0.484 0.984(0.369 ~2.624) 0.974
L AT AT s 1.253(0.556 ~2.826) 0.586 1.218(0.519 ~2.861) 0.650
HbAlc 1.097(0. 844 ~1.426) 0.488 1.069(0.814 ~1.403) 0.632
JJIH [ B2/ HDLC 1.187(0.885 ~1.592) 0.252 1.190(0. 860 ~ 1.645) 0.293
GFR 0.956(0.937 ~0.977) <0.001 0.954(0.933 ~0.975) <0.001
hs-CRP 1.120(1.032 ~1.215) 0.006 1.139(1.041 ~1.247) 0.005
LVEF 0.983(0.939 ~1.029) 0.463 0.989(0.944 ~1.037) 0.646
P/ MRIARYT 0.303(0.044 ~2.079) 0.224 0.368(0.051 ~2.667) 0.323
WiTE AT 0.580(0.116 ~2.895) 0.506 0.405(0.069 ~2.390) 0.319
WEIRIR 2 6TT 0.439(0.185 ~1.042) 0.062 0.357(0.143 ~0.889) 0.027
Z MR 1.277(0.613 ~2.663) 0.513 1.265(0.587 ~2.730) 0.548
B2/C K57 3.796(1.715 ~8.401) 0.001 3.658(1.605 ~8.335) 0.002
12 P 5 2 P 2E R AR 2.647(0.897 ~7.816) 0.078 3.224(1.063 ~9.775) 0.039
I SR AR 1.333(0.616 ~2.886) 0. 466 1.305(0.580 ~2.935) 0.520
THER 0.343(0.162 ~0.728) 0.005 0.454(0.209 ~0.985) 0.046
SR 0.982(0.934 ~1.031) 0.461 0.988(0.939 ~1.040) 0.648

T —" R AR

REBEMERIRHEZ —, A5 R 2 BB R &R
H I OPG Fik K- T, JF H 5 s Bk f B | 48
JiE SN S O, T 2 5 145 5 98 1 o B A B 0
P WA R BT OPG /KT vl LUt 3
HETIORE PR BB O A SE TR ARSI AR
LD B A PR R 3 R TSR AL IMLTE OPG /K7 i
FE TJC ISR 41, Bl OPG 7KV 5 ISR & AR M6
A L HET OPG /& ISR AT fa I &, SR, I 2%
OPG /K- ik 5 1% LA &2 HbALe J& 754 FH 561 2L
KA 2FE R AR DG % AS B, 75 Lk — 2B TR Ak o
Br SHF5E, il RS T 2248408

OPG 5 ISR 2 &A HIEH R IL R, HXT ISR &
AR F I 12 FIOBLTED 1 AT A8 #E 20 1) B 1R 3
W5EH , 0PG =& i+ OPG/RANKL/RANK &4k
R, BFSE R EE OPG DL TRAIL 1) )7 2042
PRI A1 B R P R 40 R 3 A Pk BB A 5 4
RY T OPG MIRER S M H G T IZHE T

kB FCIRFN TRAIL 75 15 32 14 1 32 1R s I 1Y A
R R B TR 5 6 R 88 R & i A B4R
FH o SCHRE AT IS 1 05, 50N P 40 e PR T
TP A L 3R A 7 AR R E N, i HE VSMC R AR
P WS040 2 780 [ 43 0h 6 U Ak, DTG (i VSMC 346 4 1
R OPG 1E Ry nl ¥ P 26 1 M IR BB IR F 2 R K
BRI — B3, FE o 8 RE U Kk 1 L A T B AR
F RIS B 405 05 7= A 0 RV, 25 148 B 9 i
FE, WFFER, OPG RT {28 fili 0 ok e AL 2 it 14 384
BRI RS S 350U 20 ik v e ) & 2 A RT DA o g
ML A& PN B 40 MY 3 B R0 G A Ok R 45 I
A1 R OPG W F R AR A R %
& avB3 Al avB5 15 T 1 F Ui ERK 34 B 306 A
S W, =N OPG Al fE A E 2K avp3
IO ST LA LR B8 RN XS B R AR 1E ISR A kA= (H
S T B SRS OPG Sl i fa] Fh ik 42
RIEVER, LA K OPG X ISR HIVE IR 215 5 4 il
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AN

N R o= N Ul = I v N )
FUFHXF RN REAS f B R FH R 48 i 152 o 1 PR A
AT fiE 2R WA e 0 5 T PR JR 3 OPG 55 ISR
(R AE G, AEAS BB G 115 A7 AU T 5 Lk, (L AE 85
B4 % F0PE 01 DC AR B9 A ISR OB HR RS I T ML 3
OPG 7K, i AR 76 122 BA B o % i A A 1SR A 25 3k
T OPG A, PRt T vk HEBR ZE TR ISR A8 34 1l i
OPG Far I3z T A A 1 A 75 1) ] BB P, AR F
FERFEAT B S AR T OPG X0 & Ak B B VI HL
il JE SR T B — 25 R B RS i R PR A 52 S IR
S OPG 5500 BAH A Bty IAURG: A Pl A0
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