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[Abstract] Statins are 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, commonly used for the prevention
of cardiovascular diseases associated with dyslipidemia. The main adverse reaction of statins is muscle toxicity, which may induce
skeletal muscle-related symptoms, including mild myalgia and severe rhabdomyolysis. This paper summarizes the advances in the
studies of statin-induced muscle symptoms based on recent literature on epidemiology, clinical features, mechanism of action, and
treatment of statin-associated muscle symptoms, so as to provide evidence for clinical safety and further studies of statins.
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Table 1 Definitions for statin-associated muscle symptoms
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B R R A VLI F iz Z Ik (organic anion
transporting polypeptides, OATPs) 1 f) OATP1B1

1:
@E

PPS
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FEWEH2 (farnesyl pyrophosphate, FPP) BT AL ( L
B1) o BB AT T ) U B 2 4 7 40
A5, AT AT S A A T L2 b ) PO R 5 B o
s, iR R B LT HMG-CoAR,
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Figure 1 Biosynthesis pathway of cholesterol
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RIE SR RE & . DFIT W, PSZARABTT | SRy T .
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FCREDOES % TR N 113 € i S 7 W R I 25757
BB AT T YR BB L 2B, 4ok DNA | ZHf
OFRAEGT 1. PP T 1 RIKFEIL, DRk
KIFHE L5 Ak, ROS B9, 18 A AL ) AL

('superoxide dismutase, SOD ) Flif J5 #4531 Ak
s Mz 2 AT LA FE ROS,  FEARL 35 7E
FENEBENLEFSerh, SF AR TT AT 858 Ca™ YR,
X5 Ca® i i 2ok A 5 P 4 fL. (- mitochondrial
permeability transition pore, mPTP) #l Na'-Ca’ 3¢
it (Na'-Ca™ exchange, NCE) il i B it £ 5¢;
GGPP. FPP., W32 %R 5 SOD 4Ll 4 AN RE il <
AT 55 1 Ca® B4, X W] mPTP Al NCE i
TE 18 T TSR B A B R A7 AT R LR AR A R 2 A
5k ¥,

Zi Bk, fiTel 56 I mIssE, i
YRR LB aE, FEIL ATP FIZORLRBE R AL, If
B ROS 74z W TZbL A RS s A6 1 B AIK, mPTP
FINCE IEFT ¥, Ca™ MLy [k, MLgnpaH
ATP 178 /> 1] fiE 52 i ATP 45 & & % % (MDRI1 Al
BCRP ) MR iz 8 G, AR T TT SR 2
WL4ap
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3.3 {REt4AARIA =
b 7T AT 38 gk R A 5 A ] Ras [] 5

EZE GG A (Ras homolog gene family member A,
RhoA ) / % 1 # i B ( protein kinase B, AKT ) 2
BN 2 AL S A g T fan, AT AT
BRI RE R AL, fTJF mPTP #E, (4
K C L A 5 ) B R R B LA T B, S S
Caspase 9 Fll Caspase 3, FFiMiiAs S MIIHT: ™,
RS o A R I B LN i E i i I S =R A A IR &
fie 1, FhiE Bax/Bel-2 UAH, 34/ Caspase 3 Wik,
PRI AN T 7 722 Rt I T /N BRALIA
H1, RhoA Hl AKT BRI, A IRl 6 T2 1k
(387% , Caspase 9 £l Caspase 3 (15T ] dgd i .
TE C2C12 VB, T3 i B i 2 AR A P 1-1

(insulin-like growth factor-1, IGF-1) FH 1F AKT
T308 WMt VRN IGF-1 R0 LA 25 46 R4 At o
T, fRHEER A
34 BBZR-EOBURSE

CARENYITRFRY, B A EHES R A AL

WEA RS iz R - F A R4 (ubiquitin-
proteasome system, UPS) " Al [ W BV 3% 7% 5 &
(2R 1 BT R i, 7R LT B A SR LR ZE 4
AL A 24tk 48 FE R 1 (- muscle-specific ring-finger 1,
MuRFI1) A1 HL N 25 45 & F % [A (muscle atrophy
F-Box, MAFbx/atrogin-1) {3150 & 7HE P2,
LA B A K B 25 4 R e T W R TR UL 3- Bl

( phosphoinositide 3-kinase, PI3K ) -AKT- I§iFLsh4)
TEAR ZHHE M (mammalian target of rapamycin,
mTOR ) 1 53l % 9 I £ ™. fE )L v, PI3K-
AKT {55 %5 18 i 30 X 3k & 8 H (FoxO, forkhead
box protein ) %5k K FoRAEHEE H BT R, #5iH A
W AR P Y 2% 1k B, PIBK-AKT-mTOR 3 i 23 %
1 2 A1 ) AR 1 B ) O 32 A y SRS B - La

( peroxisome proliferator-activated receptor-y cofactor
lo, PGC-la) , SEHELALIAR A1 5 A ARt
SR, TEJLN 2245 B8], PI3BK-AKT-mTOR {5 5 1%
F, PRI S b AT FoxO3 B,
i & UPS A WS R AR (KA B 2R 1T A
I LK AR 1 B s/ g 5 B AL IR 22 46 1 32 2
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PRI, 1A (] 2 280 4 JUIL PR I AR S S 38 2of FoxO /12 1Yy
JUL PA) 25 455 AH 5 3 R A9 34075 A1 PIBK-AK T-mTOR 3 4%
5L T X R — iR R

WFE R, A TT Ay e K BRNLIE v il 1R
1k () AKT. FoxOl F1 FoxO3, Jf 1 fin #% 41 5 vh
() FoxO1 Fl FoxO3 3 ik; [w] i, 155 T MAFbx
MuRF-1 mRNA 11 % 35 75, JILEF 45 5 58 F I3
CK T ™. e C2C12 WU b, W RMbT. ¥4k
il VT %5 RE #% W (% AKT 1 FoxO3 Ser253 i iz 1k,
W4 MAFbx 3235, SFMES NN 246, 0t =ik
() PGC-1a 1T B 11 3 R Ath 7T 375 5 14 UL 1A 25 455 1),
= ARA T W] LR R A B T IR ATP Y
WEE, BT O e AL RS AMP R Y 2R 1
fi ( adenosine 5'-monophosphate -activated protein
kinase, AMPK ) , %5 FoxO3a Ser588 Wil fk, 1%
TR, 3R atrogin-1 WFEIk B,

gi bprak, T nr L A ek 2> AKT 6 AL A
FoxO3 Ser253 Wi g4k, o & #4558 AMPK Thr172 il
FoxO3 Ser588 Wi ft.. FoxO3 Ser588 (M L, 7
F MAFbx Fll MuRF-1 {3kt , s BIE .
3.5 Hih

EIEH FEIWRE LT, EZMWITRITERE
ST A T H SRR (statin-induced
autoimmune myopathy, SIAM) . SIAM & = X i
2~3 1% 10 JT 4 3, 50 % DL b o KU 4%
i B BRI B R AE SR X BRI s LG AT, L
PR3 A5 B R D L4 B IR 3 LA . HMG-CoAR 1 H &
Pk ™, HMG-CoAR [ B Ha i & J& (1 v 7 ML 1
ANEFE, HETAH — LR 1) 1128 HLA %7
B DRB1*11:01 5 T HMG-CoAR [ & Hi 14 ) &
JRFVIMC, HATRBAAAENFI2ZS, FAEE AR
NEBETERZAMMITE, A SRt 51EF &
DRB1*11:01 /9 Lb{H E 43 51 R 25 5759025 2) ok
LB LU HMG-CoAR iRk, (H 485 T1b
TTEE, LA A A 2 59 () 4 il HMG-CoAR 1) 335
2 E RN 3) PR LA e R 1) HMG-
CoAR Z [ 2 1E & AN Ak T b ©9, ik, 78
WL G B F T, TS HMG-CoAR & 3Rk ]
AES AT X HMG-CoAR 1Y [ 5 et Ui .
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4 fiTHXAAEERRIBYEH &

7T LA EE M B VA 7 S8 s eloAE 2 3%
Fegmtlal, MR (BH LIRECYRRE 21k
CE AR R AR, ARG T E TR E
#hFTIRTT

PGx & — AN AH X 37 9 AF 5% U, B 7R B
AR 1 5 DR A B 55 25 ) B 0 =2 ) A DG R, R A il
FH R A% 1 I8 T00I0 245 ) 2 0y AT 25 AN B R
Ni. SLCOIBI F£[H Y PGx A& v LA A Ath 7T 3697 51
o A HR LI PR T, I PR 24 4 35 8] A 2 S it B
"3 ( The Clinical Pharmacogenetics Implementation
Consortium, CPIC) % X} SLCOIBI 3R £ & 1,
XS AR A TT ) 45 25 50 B B R AR WA AE
SLCOIBI WIEH IAEME (TT) , @ LLEH L7
WG TERAMTT; SR E B SLCOIBI 4k
KT RERE (TC 8 CC) , NEEIHE B R E A
TS AR R AT 7, B, R SLCOI1BI
FEDR A3 AT LS By e AR e BB AR Al T fe il B R .
Xof T PR R P A T 1 2 200 i I A WA 25 174 R
BRUL, YRS B B 22 R RS R
Fl s AR M T B2,

—IRFFE AT 10 180 Bl , FEHLE LS T
BEBTFEARAMTT (50% ) FIZidil (50% ) , APk
FEARABTTIRT T LN I 4 SAMS FYAE & A= R JG
i 22 57 1298 ] (2.03% ) ] vs 283 f4] (2.00% ) ]; J2
MAEARBENLAR B BB, 4R HE A O IEZE M A
TTEE, AV TIBTTLL SAMS BIAF &A= %A FH a1,
5 SET RE A BR R R X AT T LR B R 4 £ TR B 2
A5 IR RN . T3 4h, R IR 2 Rl
2Rt G B DR S S 2 AR A A 2
MERHEWUAER A (5) CK FFEnt, TRk
) B AR T T AR, L bR ™ i DU 20
1525, MAURIERZE M IF B CK B fbnd, L%
SR AR AT — WAL HE 107 835 (& Y BF5E
BR, REBEH (922%) 14 1E—FMbiT RS
J& AT AR 52 0T i sl T R s AT T, AT
ZEA 124 CUESE T YT AL R T
Wi, RS A A 2 5 5 T AR T T /5
WU B T LB W 2 A . AR SEfg LT, Ul

$F A 2020ta masn Ham




Pt A 2020mran  Haat gam

AT TR AT, A IX 2 Fh TR AR
g IR [E B (low density lipoprotein, LDL ) J5
MR 25, (HJE &4 SAMS B E R L C 2 3k
o BRI SZAE AT (7T A £ 25 ATl AR K DL

(5) MHIHRRE A FE B ). Wk LDL /K-
AW HGE, T LIE I A R A
I 2% 9 & (proprotein convertase subtilisin/kexin type
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