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Study on the effect of PCSKY9 inhibitor combined with atorvastatin on carotid
atherosclerosis and its anti-inflammatory effect in patients with

hypertension complicated with type 2 diabetes mellitus”
XIONG Xiaoying' sQIAO Wei* ,ZHONG Weibing' ,TU Fei' ;WU Fang',
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[Abstract] Objective To explore the effect of PCSK9 inhibitor combined with atorvastatin on carotid
atherosclerosis and its anti-inflammatory effect in patients with hypertension complicated with type 2 diabetes
mellitus. Methods A total of 100 patients with hypertension complicated with type 2 diabetes mellitus who
were treated in Nanchang Third Hospital from October 2022 to August 2023 were selected as the research
subjects. They were divided into the control group and the study group by the random number table method,
with 50 cases in each group. Both groups of patients received conventional antihypertensive, hypoglycemic,and
antiplatelet therapy. The control group took 20 mg of atorvastatin calcium tablets orally,once a night. On the
basis of the control group,the study group was additionally given 150 mg of evolocumab injection (a PCSK9
inhibitor) by subcutaneous injection,once every two weeks. Both groups of patients were followed up for 24
weeks. The levels of blood lipids, blood glucose, inflammatory cytokines, carotid intima-media thickness
(IMT) ,atherosclerotic plaque score and adverse reactions of the patients in the two groups before and after
treatment were detected and compared. Results The levels of TC, TG and LDL-C in the study group after
treatment were lower than those before treatment and those in the control group at the same period,and the
differences were statistically significant (P <C0. 05). The levels of 1L-1,11.-6 , TNF-a, hs-CRP,as well as the ca-

rotid IMT and atherosclerotic plaque score in the study group after treatment were lower than those before

ESTIE V0054 T A REZRRH R H (202311257,202311276) 5 5 & 17 B 7 T A 51 S HERHEHRITTH (2023YLWS035), & @f&
{E#& ,E-mail :526054580@qq. com,



1162

FTREF 2025 F5 A% 54 6% 58

treatment and those in the control group at the same period,and the differences were statistically significant

(P<C0. 05). During the treatment period,there was no significant difference in the occurrence of adverse reac-

tions between the two groups (P>>0. 05). Conclusion The combination of PCSK9 inhibitor and atorvastatin

can effectively regulate the blood lipid levels of patients with hypertension complicated and type 2 diabetes

mellitus,alleviate the inflammatory response, and improve the degree of carotid atherosclerosis in these pa-

tients.

[Key words] hypertension;type 2 diabetes mellitus;carotid atherosclerosis; PCSK9 inhibitor

HAT, O ST iy e E B S Jn R BFETiE
BLJFANY R OB PR R A 4 BRI A R R
8 fe 6 PR 2R JHE A R I A R A A I 1 3 4 8 4R
T3 SR e 1045 I8 DR s 2 B S o e 6 0 1l 5 %
AR B AN RS & B RS S Bon . I
A3 0 PR O R R B 18 %61 e IR 1M A = 1
T B h & A R R N A 4 A
W, 6 I G R PR AR R AT B A R iR 9T B
A SRR S, 0 LA e 1 T 2 3 A O 3 ik
o0 R B A T 8L X 5 i B S R A7 AE B T RN L AR
25 B2 g 25 (H-JH [F B (low density lipoprotein-choles-
terol, LDL-C) 1\ iy J2& 3y Jok 045 5 5 Ak I 1 B & g it
B EEARNE . EAB IR IREE 9
( proprotein convertase subtilisin/kexin type 9,
PCSKO) 41 il 51 52 — Bl e A% A [5] B £ 7 20§00 i) 24
Py AL AR LDL-C K P 0 1 /O B 1L A 5%
f e =D LR A I 2 BOBE PR R R R S R
iE A0 LR 7 1 2 5 A 0 KO Y R E R 28 2 S BUX
B MR 5 H g — T E R, PCSKY 1) 4l 57 fig
A BEAR LDL-C, AH H 2 75 BE 7 AR AH G Bt R AE
A8 5 38 2 A= W A 2 0 R AT ORI, AH O BIF 9T AH X8R 2D
FET e ASHIFFE L8 PCSKY 41 46 0 156 2 Bl 46 fe At 7T
Xof e IR I 2 AU e A8 A I AR L 353 ik N
JEh 2 B (intima-media thickness, IMT) Z& {1 5 ]
K HGIREN  BREWT .

1 B{HEFE
1.1 —f5H

e 2022 4F 10 A & 2023 4 8 A TR B4 =
BB sti2 19 100 B i i s 45 JF 2 B IR - 1R
WEFEXRT G, R T Bl LB 5 6 0 43 Sy X B R F 52 4
BE2H 50 B, MAH BB E — OB IL B, 22 S S it
B (P>0.05), W3k 1. AgEhriE. (1) HE%Z A
15 [F) 2245 5 (2) 12 W o D 2 M v il s (2 2% (b [ e
JEBiiGHE ™ 2018 AFAETIT ML) » [ B 5 JF 2 AUBE R 9
(S (hE 2 BB R PG48 F 2017 M) « B Ak il
#1451 (glycosylated hemoglobin, HbAlc)<(10. 0% ;
(S H (i IE i B 45 B4R B (2023 4F)), 2 W7o Il B
S s (4) SR S8 Ik R (4 22 3% ) 75 G A TR SE AR A
U5 Ik ok A B AL BE B, SLE ik IMT =0, 8 mm; (5) A
AATE MR BT FE R AT 45 7 4 LD b HEBR A5 i

(1) 8 ffi H 3k PCSKO # 4l 71, 5% & 41 % 31X 2 25 9y 3
B0 () AR AE BT FE AR AT /Y 28 S iF s (3) WA #2322 3 7k
YIHIFIAIT o B A I AT s (O B IRIF 525 9
BT HBLL T WA R ALT 8 AST & F 2 X IE
W FFR{E Cupper limit of normal, ULN) , JJL & i B /=
F 3X ULN; (5 £ 55 /N BR 38 53 % (estimated glo-

merular filtration rate, eGFR)<{30 mL * min ' *

(1.73 m®) "5 (6) A T A4 il 1 FROIR R ) 1 ol 3R s
ARIEDIRETCHE, 78 3 AN H W & A0 WU FE L AS o o0
O A I bR L RO AR R L4k R M
FE 1 TOME PR FORS Mg 45, AMFRC Bt m AT
O =R B Ae B ZE B AL ME (R LS. KY2021065) , 3

14917 ) 7
x1 WHEBEE—BAMILE
T it HAZH mﬁi%ﬂ /s P
(n=50) (n=50)

YES G/ 3/ 20 26/ 24 28/22 0.161  0.688
R @ Es, %) 58. 088, 94 60.6248.26 —1.475 0,143
BMI(x +5 ,kg/m”) 24,3343, 14 25.0243.31 —0.677  0.502
W AR ) 22 20 0.164  0.685
R () 10 12 0.233  0.629
FMERFE (e s, 4F)  7.7243.56 6.9643.10 1137 0.258
BRI (5. 48)  6.7243.91 7.6643.15 —1.323  0.189

1.2 Fi&%
1.2.1 %H#Hir

P2 BB 1 5 R AT R AR YT - (D) X R AT
i R A R s 8 ik 3R U e B A R B s (2O X H H
REHITE OB EUGE R B (O REH
IRFFE A A B WA 02 3l s () ARSI T B L R
Prim /MRS 25, IR H AR 20 mg Bl 6 A& b
TS B (35 B OME I il 25 A BR A A, B 2
H20051408) , B 1 WK ; WF 92 20 A6 % A 56l 1, 05 45
T PCSKO 1 il 35 B 1 75 It 58470 v 5 W O [ 9 45 S
254 B2 /L 1 WHIES S20190042)150 mg 2 F IF
SRR 1R, WALREIRIT 24 .
1.2.2 548 X 3547420

P2 SR R 28 RIS (5 £ 10 h) SR AR Rk . 4
mL, bR ARTEE IR R # & 20 min, A 3 000 r/min & .0



FTHREF 202555 A% 5455 5H

20 min, 4 B¥EW . R Cobas 8000 4= A s 4= 4k 4
B (F [E Roche 23 wl) K AH N fic 4 8 7] A6 0 g A
i (total cholesterol, TC) . H il = g (triglyceride,
TG) . 5% 1 HE 5 A -lH [# % Chigh density lipoprotein-
cholesterol, HDL-C) \LDL-C  J§ 2 1 a %5 Ifil fi5 #H 5 15
FRIKF
1.2.3 S #E48 X 3474

PR e RS VB TS 2 h RAEFRIK I
4 mL, R 1. 2.2 oA [A) 4 3RS BR BT WL R
Cobas 8000 4x I 3l 4= AL 73 #r AX ($8 [ Roche 23 7)) M
AH W Bic 2 32 7 R I 25 BB Il B¥ (fasting blood glucose,
FBG) &% )5 2 h M4 (2-hour postprandial blood glu-
cose, 2hPG) 7K. T 41 B8 5 7E 25 IE AR S O R 46 N
ki 4 mL, 285 & A 25, R H = 80 A 6% D-10
S A CGEEA SR "D R HbAle K,
1.2.4 Xy’ -4

W40 BB 3 I TE 25 IR S R SR /R Ik il 4 mL, SR
W1, 2.2 Ho [ Ak B S AR IRCE 3 W 48 ELISA it
) LI g A S0 A BR 2 W) ™ A% 42 B U B 45 1
B b BRHEAT ELISA X5, 4600 1 20 2 4 3 (interleu-
kin, IL)-1.1L-6 . & PR HE [ T-o (tumor necrosis fac-
tor-a» TNF-) M i C Jz i 2 F1 Chypersensitive C
reactive protein,hs-CRP) /K-,
1.2.5  F#hBAL B A

K ACUSONX S2000 # 74 £ 7 (7 [ 75 ] 7
DN S K A BB TN 3 B Bk B AL L SIS
G J RS BE ) JEE B3 RO RE BE R A I . EAE
it 5 WA WO BE AR Bl bk IMT, IMT 2y 0. 8~
1.2 mm B Y BEHEJE, IMT > 1. 2 mm # BB,
K2 8 7 I B s A BE B Y R S AR, S
e R R 2 30 B ok B B €8 22 3 Wl RS 4 BT
PP SE 56 RE A AL BE e LAY R BEH 3T 0 s 1
ABEH HBFE BT R B <<2 mm FiT 1 205 L 2 4b
SRR BB (AR BE <<2 mm., S{UA 1 4b Kk A= o BE B

*x2 MHEEBERT

1163

BIEFE>2 mm FHH0H 2 70 M 2 ke BEE H
Ho 1A JEE >2 mm &3t 3 205 I 2 &b R L FJE
BE>2 mm P EEBE T 4 41,
1.2.6 ZRFH

PR CE FEIR YT RIS AR 4 LR vk R A e ik
SR FH R 75 22 5 0y A6 A 31 80 Jik TMUT Az 00 - b 4 4% T 45
b AR VAR BN & A A L
1.3 %itsam

KM SPSS24. 0 B AF AT R b 3, 1 BB DA
xEs R, AL AR A S FEAS ¢ K5, VR T T
Ja LR BEXT ¢ K50, THECTE R DL B s A b
Fon AR R X ¥ 5 o Fisher #5# K56 . LU
P<0.05 NERAGIH#FE X,
2 % g
2.1 PAABFEITAE mE | E R AT LA

RITHT. M4l TC. TG, HDL-C, LDL-C, Ji§ &
H a.FBG.2hPG.HbAlc /K 4, 22 G H =
X(P>0.05) ;097 - Rt 4l TC. TG K& LDL-C /K
SERRYT RN I R TR, Z R A ST E X
(P<<0.05), L% 2,
2.2 WMUABFHLETWE LEME T ILE

JRITHT. B4 11L-1,1L-6 , TNF-a, hs-CRP 7K - kb
B.ER TSI ¥ E X (P>0.05) ;87 5. o4
IL-1.1L-6 . TNF-a, hs-CRP /K% 34 J7 1 A [ 40 x5 B
T, 25051228 X (P<<0.05), L& 3,
2.3 WAE X LT HIEH I IMT F= 385 4F 58 3 R
2

AT P4 30 30 ik IMT i Rf B B FR 4% Lh &t
ZRTG 2 L (P >>0.05) 31897 )5 » BIF 5% 20 # 3) Jik
IMT Uit B B B AR 43 836 97 5T A [A) 3 % B2 2 F 1%
ZERA G FE X (P<<0.05), L 4,
2.4 MHABFRRR PR ALK

BRI AR AN BN KA L8R, 22 R T
Gt X (P>0.05), 135,

BIEMAS I AEFS AR EL B2 (2 £ 5)

Xt HR4 (n=50)

WEFE 4 (2 =50)

o YRYT R BT e TR A WBITIE
TC(mmol/L) 5.08-£0. 98 4.96+0.76 4.7440.83 2.94=40.59"
TG(mmol/L) 2.11£1.02 2.0540. 83 2.03+0. 83 1.18+0.42%
HDL-C(mmol/L) 1.5040. 43 1.5240. 40 1.5140. 42 1.4740. 29
LDL-C(mmol/L) 3.19-0.47 2.99-0. 34 3.20+0. 36 1. 18240, 42
JEE 1 a(mg/L) 210.10+165. 10 201.30-£141. 55 212.10+111. 05 204.80+105. 59
FBG (mmol/L) 6.62+1.47 6.46+1.08 6.48+0. 93 6.28=0.58
2hPG (mmol/L) 11.27+2.87 10.64=1. 36 10.35+1. 93 9.93+1.32
HbAlc( %) 6.72-0.95 6.6540.91 6.8140. 65 6.60-£0.53

“.P<C0. 05, SIS AT AT HLA ;" . P<C0. 05, 5 % B 4H 387 )5 HL .



1164 FEREF 202555 A% 5455 5M
x3 MASEBRTHEREMABMEFILE (2 +5)
X IR (n=50) W4 (n=50)
i H
JRYT T WRIT A bERIRi] RIT A
1L.-1(ng/L) 144.724+13.77 141.28+11. 14 144.78+11.10 111. 3010, 25%
1L-6(ng/L) 25.62+2.15 24.5942.95 25.14+2.71 17.33+2. 36

TNF-a(ng/L) 378.49431. 28

hs-CRP(mg/L) 8.47+1.11

372.86132.68

8.1940.93

384.30+22. 31 321.80+35.99™

8.53+0.91 5.2240.96

*.P<C0. 01, ST IR IT T LA 5 " P<C0. 01,5 % B4 387 )5 [ .

x4 FHEBERITE IMT RBHERRBIEER (2 £5)
XF B4 (n=150) WIS (n=50)
i H
JRYT T BTG YRITHT RITIE
sk IMT (mm) 1.5040.12 1.4940.08 1.5240.20 0.8840.17*
WREBEH AR 3 (4 2.9040. 74 2.80+0.63 2.8040.79 2.0040. 67"

" P<20. 01, SWFFLAAIF T HLE ;" P<<0. 01, 5 0 AR YT G He ik,

x5 WAEEFARREEZEBERLE2(%)]
RgE| X BRZH (n =50) 5T (n=50)
N 2 1(2.0) 4(8.0)
L R R 5(10.0) 6(12.0)
JH By e 4 b - 2(4.0) 3(6.0)
0 WLBGHE b3 T 25 2(4.0) 2(4.0)
&t 10(20. 0) 15(30. 0)°

" XP=1.333,P=0.356, 5% B4 L4 .

3 it it

Wil 5 +E 25 M ST B RS KR AT AR 3% K- B
TR R A I 2 BB R R R H 2 1
2 . WEDRIG O L8 P Y S5 A E T e I e & O b
VR S8 1A O TG I A O A AR R B T
IS SRy AT B I 387 0 e A 3R B N R R T
It F& K W% PRI o

e I FHOBE PR 995 BE 15 I 3 ik P B 1) 5 B vk e B
IM3E H Y LDL-C AT RLig i 2004 P 2 T 3 Ak
JNE 3 AR L I L LDL-C Ay R S5 A% O 19 3l ik o R B
Bt MTT 25 W R AR I 7 LDL-C K. k2> 3
Tk S R A S IR IR 0 ) % AR RV LRI IR
AR Z BEERAAMIT A YRYT T . LDL-C 1548
REEREF H AR K F, PCSKO & —Fh 22 % i & 11 15 , )&
I %% B B A 1 32 AR 10 L AR, AB Gl O T o i B o L A2
HE P 20 A T 5 B sh kR B RE Ak i & AN PC-
SK9 # #il # i F 9 PCSKO Ay 2 1k . M i s /D 1% %5 1
g & A2 R B M. f KB K LDL-C K SFH7,
LORENZATTI " 58 45 B4R B E e 7T 224
Wy FE 1 BE A F PCSKO 4011 57 J5 AE B L P I 1
i LDL-C 7KF, JF H AN e 8 3 0 1 g% K oA 8%
B 4e 4P, NICHOLLS ™ B 5y 45 B WoR , B %
W AR 8% I BRSBTS W R T 25 25 W3R 97 18 4

H . TC.LDL-C /K- 344 Fr T B, 30 ok s A 6 1k 78 B2
W T P AT 2R R T W R DL B AOR . %
F7e 45 Sk — 2 R W PCSKO 4146 7 B Al 7T 2 25 9
TR IT X RRARR BB B Il B B 03 B ik ks AR A Ak 5L AT 4
WAER . ARBFSE 3B 100 1 & I R & 5 2 AU IR
e (BRI B S i1 s D A S R e I g
24 A e, R B E TC. TG & LDL-C K- #i
Bk IMT Kok 6 B B R 43 34918 T X B4, 3 B B )
VUG SPUIE A BT FE A AR 7T 85 F iR 97 5 RE A R0 3 =
LA I 2 RUBE R 9 58 35 19 I g 7K S RIS 350 8h ik
IMT K4 /N85 sl ok 5 B, 3 5 A DG 98 45 R — 3.

PAE N FERE PRI &R AL h &R 4 T AR,
TR R 5 1 9 R RE RN AR = IR A O 2 AU BE IR
EE KRR N R —. PRk,
PCSKO il 370 7] 38 4 [ A% 2 4 2 W L BH W Toll # 52
A 4/ % R -k B A7 538 [ >k 4 4 2 Bk ok A B £k, Ik
S PCSK9 1] 88 /2 JE 1% o)) ik s B B A (%) 5 22 R P A
FEEY L Ml PCSKY (4 15 v 5 E T R 48 A 41 i R T
IL-1.11-6 J¢ TNF-o B985 ARBE5E 45 3R 5w .
WMot B Z B Y7 )5 IL-1.1L-6, TNF-a, hs-CRP /K *F
T XF PR, $2 75 PCSKY 40 ] 5770 B¢ 2 Bl 4 4% 77 45
FIRIT REHE — 25 FRAK & 1 R A JF 2 BB IR R E 1
Bl Ik 9 0E SN 2l B T .

FEAS R J7 T, £8 AR LB BiR T R A
A R B 4 i 3ol DL 32, HA R IF M %4
PEPET RS R BN WS AR T W R 4 ) R
TR B RPN B 9% (6 ) BB R A 0 B K
RBBRMLT UL AT & A7 3 Bl 3 & A T ) g
Tebn Tt 2 B R A O WUR 2 B T e, I 2B U Bk &
EH

25 ik , PCSKO 1 il 370 A7 4% 735 g 1l R A5 9F 2
TUWE PRI 3 1 il i 7K S, 980 3l Ik R E BN . B AR



FTREF 2025 %5 A% 54 5% 5 M

Ak IMT K 45 /N3 a0 ik Bt e

2% Uk

[1]

[2]

[3]

[6]

7]

[8]

[9]

[10]

o RO I {5 9 4 A S 2. (b LG il
RS P30 RS 2020 )8R [T, 0 i
JIFFE ,2021,19(7) :582-590.

KANG S H,LEE M,KIM M Y,et al. The lon-
gitudinal outcomes of applying non-selective
beta-blockers in portal hypertension: real-world
multicenter study[J]. Hepatol Int,2021,15(2):
424-436.

QIN P, LIU D, WU X, et al. Fried-food con-
sumption and risk of overweight/obesity, type
2 diabetes mellitus,and hypertension in adults:
a meta-analysis of observational studies[ ] ].
Crit Rev Food Sci Nutr, 2022, 62 (24); 6809-
6820.

KE R T8 . & RS IF 2 BB R &
R AE o A2 1 5 el R A A e LT L
AR EE24,2020,27(28) :43-46.

KATSIKI N,DIMITRIADIS G, HAHALIS G,
et al. Sodium-glucose co-transporter-2 inhibi-
tors (SGLT2i) use and risk of amputation: an
expert panel overview of the evidence[ ]J]. Me-
tabolism,2019,96:92-100.

WEBER C,NOELS H. Atherosclerosis: current
pathogenesis and therapeutic options [ J]. Nat
Med,2011,17(11):1410-1422.

JACOBSON T A,ITO M K,MAKI K C,et al.
National lipid association recommendations for
patient-centered management of dyslipidemia:
part 1: full report[J]. J Clin Lipidol, 2015, 9
(2):129-169.

TIBOLLA G,NORATA G D, ARTALI R, et al.
Proprotein convertase subtilisin/kexin type 9 (PC-
SK9) : from structure-function relation to therapeu-
tic inhibition[ J ]. Nutr Metab Cardiovasc Dis, 2011,
21(11) :835-843.

MARAIS D A,BLOM D J,PETRIDES F,et al.
Proprotein convertase subtilisin/kexin type 9
inhibition[ J]. Curr Opin Lipidol,2012,23(6):
511-517.

ZHANG D W, LAGACE T A.GARUTI R, et
al. Binding of proprotein convertase subtilisin/
kexin type 9 to epidermal growth factor-like re-
peat A of low density lipoprotein receptor de-

creases receptor recycling and increases degra-

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

1165

dation[J]. J Biol Chem,2007,282(25):18602-
18612.

ROSENSON R S,HEGELE R A,FAZIO S, et
al. The evolving future of PCSKY9 inhibitors
[J].] Am Coll Cardiol ,2018.72(3) :314-329.
YAMASAKI Y,KODAMA M,NISHIZAWA H,
et al. Carotid intima-media thickness in Japa-
nese type 2 diabetic subjects:predictors of pro-
gression and relationship with incident coro-
nary heart disease[ ] ]. Diabetes Care, 2000, 23
(9):1310-1315.

BOH = BAAS. mE g 51 B H OSUONE R Bk 2 AR
PR B8 35 250 2y Jok B B 1) e R AE 5 [T 0. i IR Y R
Z47,2020,37(4) :307-308.

ANDERSON T J,UEHATA A,GERHARD M
D, et al. Close relation of endothelial function in
the human coronary and peripheral circulations
[J]. ] Am Coll Cardiol, 1995, 26 (5): 1235-
1241.

CATAPANO A L,GRAHAM I,DE BACKER
G,et al. 2016 ESC/EAS guidelines for the man-
agement of dyslipidaemias [ ] ]. Eur Heart J,
2016,37(39):2999-3058.

LI J, LIANG X, WANG Y, et al. Investigation of
highly expressed PCSK9 in atherosclerotic plaques
and ox-LDIL-induced endothelial cell apoptosis] J].
Mol Med Rep,2017,16(2) :1817-1825.

ZHANG Y,EIGENBROT C,ZHOU L,et al. I-
dentification of a small peptide that inhibits
PCSK9 protein binding to the low density lipo-
protein receptor[J]. J Biol Chem,2014,289(2);
942-955.

WONG N D,ROSENBLIT P D, GREENFIELD R
S. Advances in dyslipidemia management for pre-
vention of atherosclerosis: PCSK9 monoclonal anti-
body therapy and beyond[ ] . Cardiovasc Diagn T-
her,2017,7(Suppl. 1) :11-20.

LORENZATTI A J, ELIASCHEWITZ F G,
CHEN Y,et al. Rationale and design of a ran-
domized study to assess the efficacy and safety
of evolocumab in patients with diabetes and
dyslipidemia; the BERSON clinical trial [ J].
Clin Cardiol,2018,41(9):1117-1122.
NICHOLLS S J, PURI R, ANDERSON T, et
al. Effect of evolocumab on progression of cor-
onary disease in statin-treated patients: the
GLAGOV randomized clinical trial[ J]. JAMA,
2016,316(22) :2373-2384. CRFESE 1171 1)



