Advances in Clinical Medicine Ifi/REE23£3E /&, 2025, 15(10), 363-378 Hans XM
Published Online October 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15102766

FRRA BT AME7T S 86 MLAERY 20 -
ETMKMeta D thFZ T EEER
BEHLILE

i]] %)L, —i ﬁ*, %l%: % ﬁ%:, )ﬁn%ﬁ, ;ﬁ]‘ ﬁ
PR E B s M mEE Be RE Bkt P

Wk H . 20254F8 H26H; A HEM: 20254F9H19H; &A7 HIH: 20254F9H29H

HE

B WA FAITREYNETT 5 I8 MR T A NEA BRI M. TEE: RRBIABREMER T
PRMeta 7 T A1 222 B i B/RBENUALHT T T i, XHEREF AT PUFEiRfbyT ARfbyT. FRAMIT, 4
P T IREGHI6 T R AR MR G AT R B A RRBSDIEARIAT T 04T 455 ZETIRREIRKI MR Meta
AFBAER: O H7TBEERE(TCITHERF: WEFRMIT > MIBMRMT > FRMIT > ERmIT;
@ ¥RITIRE A E OB E R (LDL-C)T AHEFF: ERaFAbyT > FUHEMRMIT > HRMIT > FRAMTs

® W HWEME(TCYTHHEF: FEFRMIT > FFRRMIT > TRMT > FHMIT: @ wireEE
P62 5 RE B BE (HDL-C)JT 2CHE 7 : BaFARMYT > PUiBARfteiT > #0ftiT > BftiT . BT ERALE
K2R BRI REYMT L ER: © RifE: BTEMiiTAA 8N R B E XK, HRMIT5 L
ERREFEEA R, HEZFWHNE; HREFRMITSRILERXSREEER, FRMm7TIER SR mE
IR AR, BREEMER. @ BRMK: FHERMATT. WP RAMIT SRR RS FEEER, B
fbyT SR RBEHREIE NG R, EEEWIAE; FRMTSHRBHIXRENER, BEEHEX. G
BREFAABTT . BTEARMRTT . EAMBTT . ERATT SER R INE R, HEERGAR. St T
BAt TR TR EFE R REOEER. HWm=0k. EEE. =% EKEE RS MITREY
FTREA, HERITREARME . FERE . RN B SRR AT RE B A At VT R 2R -

XA
%Hgmﬁr @?T’ WJ’lﬁMeta’ﬁ'ﬁ; Eﬁ%fﬁl‘ﬁm%ﬂﬁ

CHERERE

ﬁrﬂ]%}'&iﬁfu /J\E@]‘M{E)%n[u I V@%l&? 2025 15(10) 363-378. DOI 10. 12677/acm 2025 15102766


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15102766
https://doi.org/10.12677/acm.2025.15102766
https://www.hanspub.org/

PUEIE

Exploring the Effects of Different Statins
in the Treatment of Hyperlipidemia:

A Reticular Meta-Analysis and
Multivariate Mendelian

Randomization Study

Kai Liu, Lei Wang®, Yulin Yang, Yan Wu, Anyong Cheng, Fu Sun

Department of Orthopedics, The First Affiliated Hospital of Xi’an Medical University, Xi’an Shaanxi

Received: August 26, 2025; accepted: September 19, 2025; published: September 29, 2025

Abstract

Objective: To explore the efficacy of different statins in the treatment of hyperlipidemia and their ef-
fects on adverse reactions in humans. Methods: This study combined with reticular meta-analysis and
multivariable Mendelian randomization research method to study and analyze the clinical efficacy
and adverse reaction symptoms of rosuvastatin, atorvastatin, pravastatin, simvastatin, and four
statins in the treatment of hyperlipidemia and their symptoms. Results: A reticular meta-analysis
study based on clinical data showed that: (1) The efficacy ranking of total cholesterol (TC) treatment:
rosuvastatin > atorvastatin > simvastatin > pravastatin; (2) The efficacy ranking of low-density lipo-
protein cholesterol (LDL-C) treatment: rosuvastatin > atorvastatin > pravastatin > simvastatin; (3)
The efficacy ranking of triglycerides (TG) treatment: rosuvastatin > atorvastatin > pravastatin >
simvastatin; (4) The efficacy ranking of high-density lipoprotein cholesterol (HDL-C) treatment: rosu-
vastatin > atorvastatin > simvastatin > pravastatin. Multivariable Mendelian randomization study
based on genomic data shows: (1) Hypertension: atorvastatin has the potential risk of increasing hy-
pertension, and pravastatin is related to the reduced risk of hypertension, but the significance is not
high; rosuvastatin is related to the reduced risk of hypertension, and the use of simvastatin is related
to the increased risk of hypertension, and it is significantly related. (2) Diabetes: Atorvastatin and
rosuvastatin are related to the reduced risk of diabetes, and pravastatin is related to the increased
risk of diabetes, but the significance is not high; simvastatin is related to the increased risk of diabetes,
and is significantly related. @ Rosuvastatin, atorvastatin, simvastatin, and pravastatin are associated
with an increased risk of constipation, but their significance is not high. Conclusions: Rosuvastatin is
the most effective in regulating low-density lipoprotein cholesterol, triglycerides, cholesterol and
high-density lipoprotein cholesterol in plasma, and the risk of adverse reactions of hypertension, di-
abetes, and constipation during treatment is lower than that of other statins.
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1. 5l8

= I MLAE (hyperlipidemia) AR = MAE,  $8& F2 L3 H K25 B2 G 25 I [ RE(LDL-C) . H il —B8(TG). JH
I BE(CH) K T i, e B I A BT B (HDL-C) K BEAIR [ 1] o e i MLE PT35S S KR RE AL A5G 0
LB 0 IR P T R 28« 8 o frled 1) S XURS: 550 22 i, P L A NSl e AT AR A7 I & 2]-[4] -
TEWGIR b, v g IURE 2= A P 25 b AT R I RR YR YT, AT RZGE IR b — M AR 2459, 78 R0 i
BRI O AR, T AR E T T, B R EIT R AR B KR AR A T R [5] . AR TR
HRHMAR Meta 40415 G /RBENUALEF T T50%,  INZYERE S AN [E T T 2R 25907697 & e e A ook A
PRIIEZI . IR Meta 73BT & 25 TEHE AR TS IR AT T, AT DB 22 ARy #5  f 2 E i FLiEAT B
Py (A4 IRETRIT BN R LA 6], 278 & i /R BE A LA 70 A2 25 T4 55 DR 2H DG IEAJ #i (genome-wide as-
sociation study, GWAS), i i (538 By TIHAR &, X2 G5 AN 25 J EAT ORIV A0 A it 5, A Rk S At St i
TR TR AR, e H AT LLVPAS 2 A3 58 X 45 J5) S8R 7] o BEIRAE T, 0 ) 5T 11 PR 5040 %o i
EPARARTT . BUFEARAT T HFARARTT . SEARAMTT, 4 ARTT SR I IR T RO AT B AR TRERYT AR
RRIR Meta 20 HTd7 00 P A% Fses 6126 DR ZH 3500 oAtV T 28 24590 5 SCIRARGE BIAS R BEEAREAT R SRS &R 1)
KRR FL, A5 B AT LN RER AR VAT SR MUAE SR 2, FEIE PRy T 2R R S 51K

2. B4R Meta 554
AU 7T CAE RGP M3 PROSPERO 7 & 52 M, M %% 5 v CRD420251014123.
2.1. EFHE

KRPEAM . 7. PEEES RS 295 OVID. PubMed. Embase. Cochrane Library-.
Web of Science Z M 4¥E i, Fu N IRZ 2025 452 H 21 H. A 38005 B hid g & 1) 07 08 R 5 &7
Mty T BTFEAATT  HARABTT « SEARAMYT IR TT 0 i HUAE [ Bl AL BEATE 75 o AR 2R SR me LA 77 5803 e o],
TR (AR E or w A B MAE or /=y H il = ER IfAE) and 8. (BTHFEARARTT or WA AhyT or BhdF kAT
or SEA%AMYT) and = (AL RIS or BEALXT FESELS or FEHLXT AT 7T or BEMLXTHR).

2.2. XHERANSHEBR R AE

PINFRUE: (1) BFCGGONRIRIER B (2) JRITHREMONEREF AT . BTFE AT M ARAR YT .
SEARARIT s (3) ZAWNiRIT FIEAUN 10 mg, JRIT AN 8 ;s (4) WHFASRALABEHLG AT T

HeBbrite: (1) BEESCHER. SIS TE . 288, RGN Meta 2041 [EUEIPERFFT; (2) ARAbyTE
2RI I EE 258 (3) ARBEHLY HRET T SEL s (4) BAEMEH HAR ik A . E 2 A AR DU SR
HAbYA i f5 25903697 -

2.3. HRTHIE R Bz E

(1) ARSIk 5 N E] Endnote 20 SCRRE BLAME; (2) IRIBAIN K HEBR bR e, T8I PR, T
B SCHRYID T s (3) WAL IR SR, TR # A SC B, SREURE A AR T 7T I STk (4) s SCRik R
2 LW BT T IR, IRIT R X, BIARGE—, MISRBNES 3 7L F A Lk
2.4. SCERAS IR BT XUBE T4

K Cochrane B 4 F) i for KUBS: A T8, PN N SCHREEAT R4, B04% 6 NT71i: O BELIMC
W77k @ SRR ETREB: @ BEMMAI(EE . BT TEHE UL RERNNEE): @ 498%
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25. GitFEAE

2.5.1. BB

N R AR 4.4.0), fE—8M. A—BERRBAL R, M HBEYLSON AR T 0T, SRH
R 7245 L1 ) (deviance information criteria, DIC) X #5288 45 Jilb A7 b . AB g, Frad NG 4 T
Z5J54RbR, DIC ZRIJTES AN, ZERE/N. Wl F— SO 8 o 1 B AL SR AR Y BEAT 0 2 20 H7

2.5.2. PR Meta 534k

fH R E 1 GeMTC F2P6, 18 DU HiAE 2L N gE4T IR Meta 7047, FH0E A B /R BHREE - Zéde <2
WA, KB EEE 20,000 YONTRIEACIREL, 50,000 YOEARIREL BB N 1, B AR g A
T (potential scale reduction factor, PSRF), FUEATHE 1, WA VIR S 25 i = . AR AL 4 548 hn
RESEMAS B, WMCR F Y802 (mean difference, MD) & 95%n {5 [X 1] (confidence interval, C1)3& 7R, 95% CI
0 MR ZE A R . B B0 s RN A gk 1 7 N2 8. 5 4h, i/ ggplot2 2
0 2] ZARHEF AR I, MR B HEA i 28 R 1H B (surface under the cumulative ranking curve, SUCRA)
HEHATHEFF, SUCRA {HRITE HI A 0%~100%, k50T 100%, 2 HIIEI7 T Hiliif[8].

2.5.3. A—HEHRm
AN—FOHEAG G, Y B AT T, YRR IR R — S, #5 P 1H > 0.05, MR E
FEREGITHEEN, 2z, MR,
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Figure 1. Reticular meta-analysis screening process diagram
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it o A PR Ao 2R SCRRIE 10,496 J, WD ik SCHR A 6887 Ji . FHELDG I FURAL BT M. A
REGRARPREN BRI, REMNFFERR Meta 72047 SCHR DY 10 . IFctit A2 &I LA 1.

2.6.2. PNEREYE A HFE

RSN 10 5 SCHR, Hoh 7 R SOCER, 3 RSSOk, By BENLN BT ST, IR iR E
RSP ARAMIT o BIFEARARTT . B ARARTT . FARARTT 4 PG T R MURE I PRYT 2. AN SCHRFE AR AE
% 1o

Table 1. Basic characteristics of inclusion in literature

=L ANCEREARAFE

. LI ; N . _
o kfg'm BT mERIE EEER) TR SR
e [9] 2000 BEHLAIRAF T 52 VS 53 18~75 ATOR VS SIM 0000
HIE[10] 2006 FEHLGHERAF A 53 VS 53 58.6 +8.5 ATORVSPRAV QO2B®
. 62.30 + 11.81 VS

A ] +HERIT 57
Y [11] 2018 BENLAIRAF ST 50 VS 50 6289 + 11 58 ROS VS SIM O@QBG®@®
HHAN R [12] 2013 BENLA RS 16 VS 15 18~75 ROSVSATOR Q@@
SR EEHE[13] 2010 BENLXTHEF AT 110 VS 104 18~75 ROSVSATOR QO@@®
JEBK[14] 2013 BENL IR 23 VS 22 18~70 ROSVSATOR QO@B@®@
IR [15] 2016 BPLAIEEE  30vs30 Ao E3VS o posvssim 0@e@
Hai Yan Qu [16] 2009 BENLGTREIFSEL 35 VS 34 59.2+9.3 ROSVSATOR (DO@E®

VS57.7+11.1

suman Lata[17] 2017  BEHLXTEREISC 40 VS 40 555;‘;76;—' 121'277\6’3 ROSVSATOR D@O@®

Chau Chung Wu

[18] 2002 BENLXTIEAFST 79 VS 78 18~80 ATOR VS SIM OE0)

VE: BRETRAMRYT: ROS; FHEARAtyT: ATOR; EA/MBIT: SIM; HERfthiT: PRAV.

2.7. RN RE TN

TEANNIRT 10 35 SCRRBF 70, BEALABC 59207 Tl 10 &5 SCRREF 70 2 R A BEH LA 736« BEHL 2 Bl SR AL
TIHENE A o RS s 700 75 SEFSRT THT = 9 i 2 BC 5 SRRk 22 7o W Wk R IA i SORJn i ey DAL, 1 e
TR F2 1 23 T R BRI B 8 D i o XS s VR T 1D = 4 T e S8 AR YT AR o VP Ak R 23 A
HE BT R R, 6 RS RIEEST TAER . PPN AEUE 7 5 VA TC B A 4 SRR N
D 2 AUz s 10 e SCHRZE REHE ) B A 58 B . Tl SRR i i e R e oAt g (2 RV E SO i ey
P o ZNNBIEFE RS o Al o ML 2.
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Table 2. Risk bias assessment of included literatures

' 2. AR R AT R

i £ U2 A7 350 H

&

e ¢py BB R RERMET  WEEEAECE  AORNOE ERMR U

B R TEEEE SAWEEE Bt H4 Thfes
i T 2000 1 2 2 2 1 1 1

Hk 2006 2 1 1

A 2018 1 2 2 2 1 1 1
AR BE 2013 1 2 1 1 1 1 1
REIR 2010 1 2 1 1 1 1 1
JE B 2013 1 2 1 1 1 1 1
R 2016 1 2 2 2 1 1 1
Hai Yan Qu 2009 1 2 2 2 1 1 1
Suman Lata 2017 1 2 2 2 1 1 1
Chau Chung Wu 2002 1 1 1 1 1 1 1

Vi 1 ARG fo UK s 2 ARFR A i ey DAL 3 AR v Bl 2 XU

28. GiRtEIEMEXRE

Stata 15.0 FAFZA PR Meta 0T INES I, 2% TRs s KNSR T IR AR A B, S5 201N
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Figure 2. Network relationship diagram
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2.9. IR Meta SR

SUREEE(TC)YT 200 e gNR 10 FaSCik 4, 394k 1 B e B B BE AT S Va7 AT b, L
955 {5, AP EGEFAAMTT 275 . BTHRARARTT 422 4] A AT 53 451 SE AR AT 205 . I7 RCHE T (AR
B 5) NG EF AT (SUCRA = 99.35%) > B FEA VT (SUCRA = 66.55%) > “F{& VT (SUCRA = 21.47%) >
WARABTT(SUCRA = 12.61%). AT 2549 BT, WK 3.
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Figure 3. Ascending rank plot of total cholesterol efficacy of different statins
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Figure 4. Ascending rank plot of efficacy of different statins on low-density lipoprotein cholesterol
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G2 5 i 25 U IE [ B (LDL-C)J7 80 b 9N 10 f STk, 394Rkes 173 LDL-C RiJEiR T4
b, 3L J 3% 955 i, HrhEmET A ARyT 275 1 BIFEAARTT 422 5]\ AR AT 53 1\ A AT 205 .
I7 RHE (AR 21 95) J9 B 47 A 7T (SUCRA = 93.73%) > Fil #5477 (SUCRA = 62.84%) > ¥ f% Al iT
(SUCRA =30.64%) > EffliT(SUCRA = 12.77%). A[EABITZE254) TR, WIE 4.
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Figure 5. Ascending rank plot of triglyceride efficacy for different statins
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Figure 6. Ascending rank plot of the efficacy of different statins on high-density lipoprotein cholesterol
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H =ER(TG) T RO GINT 10 FisCik b, ki T 88 TG uijaiayr b, L & 3% 955
B, AR AT 275 Bl BTFRARARYT 422 B, HARABTT 53 Bl EARAtyT 205 Bl I7 RCHE T (L E]
P N ET A AT (SUCRA = 83.32%) > [ fL4%4th7T(SUCRA = 73.13%) > 4k fl17T (SUCRA = 33%) > ¥,
fi7T(SUCRA = 10.53%). A[FfliTR25%) RZEHE B, W 5.

T 5 R 2R A BE [E B2 (HDL-C)y 7 oht b 4N 10 A5 ek, ¥3R45 7 % HDL-C Wi s 1697 4
b, JLpb 2 955 5, PR ST AR YT 275 il FFEAAhiT 422 5]\ AT 53 6. S fdyT 205 1.
7 RCHEFE (AR 31 45) 4 B & R Ath 7T (SUCRA = 93.27%) > Bl FE4% 7T (SUCRA = 49.59%) > ¥ %At 7T
(SUCRA = 36.14%) > 4% 7T (SUCRA = 20.98%). A[FEMhiT254 2RRHFEE, WA 6.

2.10. ZRmEEMN

7 R 18 2 10 netmeta FLF6L, AT R Meta 404700 R P 44 Egger Kl P E IR /NT
(T R . 25 P <005, MIBHIGN AT L 12 1 — it (R s S MREAROBE: 2, P>0.05
A7 £ % 2 s IR A

M Eqger K P {1 5755, AR [EUALST 250367 1 J6 ILRE £5 R H6 A 5 L S 2% 10 Egger K36 P = 0,444
R T T 25036 7 5 L 4 A 655 2 i 5 14 B9 24000 Egger 1o P=0.12; IR TR 2500397
T I L A 9 = 67 200 Egger Kol P = 0,99 AR IT 25 7 6 MG ML 4 P G 26 A
[ERES AL Egger il P=0.45. 4 1, %5 RHEHHIN P IR T 005, MURAAERFEHR B/ NREA R

3. HfE/RMEHNILIAR
3.1. #Et

R STRRBIE FUAR B A YT SR 25 W36 vei MR IRUAE ARS8 AT R I« PR (A XU 1R D 45 J= [ 18] -[22]» fik
M FEAE R BEN AT TR A VAL 25 Wi T I A AN BB KU (5. WL 7.
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e | B REHE L
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Figure 7. Mendel’s research design chart
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PR EF AT PUFEARARTT B ARARTT . FARABTT 4 R iT R E N B ER R, SCHRITE T iE
T SRER T I A L B . RN RN S RIR R, 70 mlEAT PIAEA J 2 A8 iR
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BEHLLEE T . o, T RASE SNP FIMEFER 2 2 3 KRix[23]:
(1) RIBAEMRBL: R TRAE S Bk R R AR RK R,
(2) FALPEARBL: THACE S “ 2%k - 4557 BRRERL XK.
(3) HefthPhARBL: THRACE HAgild REENLE R, AN REIE T H Al PR30 25 5 7 2R f i

3.2. BiERKIR

A VRHIT T B BE M 1IEU Open GWAS %45 2, M https://gwas.mrcieu.ac.uk/ [ st iy 22 3R BUAS [\ A 7T 2%
2y A S 23S RS O, LA AR OGAE B 3.

Table 3. Summary of exposure-outcome data information used in Mendelian randomization studies
=3 RERMBIHUMRTrARETEREEERLE

FHIE AR GWAS ID FEAE (1) SNP H&/1 GR
FEFRE BB AT ukb-b-10008 462,933 9,851,867 2018
FEER R F AT ukb-b-3380 462,933 9,851,867 2018
FERR Fis EFARART ukb-b-13664 462,933 9,851,867 2018
e NN FARAMIT ukh-b-11268 462,933 9,851,867 2018

45 =) g 1M ebi-a-GCST90038604 484,598 9,587,836 2021

455 W PR ehi-a-GCST90038599 484,598 9,587,836 2021

2R fERL ebi-a-GCST90018829 411,623 24,176,599 2021

Hodr, EREPARABIT . BTFRARAMBIT . HARARTT . SEARARTT 4 Rty T 2R 2590 GWAS Hdli ks 95 [El A5
R MRC 56 AT = BAL(MRC-IEV), JLEEFEAR N 9,851,867 f7l; 45 W%l miii k. B
PRIG, AL REAS 484,598 i, (ML S REA 411,623 B BF S AR RIE T A HAE 1, IF HAHRN KR
T IR 2R B MR, AR BN

3.3. TETENIFE

i R #E 5 1 TwoSampleMR 2541, 75 2 3 KRB LAl 1) i T2 AR Sk AT M 4% 1 i ik
M IEU Open GWAS H# Fg o 4 B 22 5 A 45 J A 5 AH G PE R SNP. B T 8 M E R E N P <5 x 1078
i, HAl3RAA /D B T HASE W o, ol B R E A P <1x 105, DIIREUE £ ik
& T BA 2 5 R LGB (1) 0 ATt 72 [24] [25] - FF 15 B HAhAH S 2248 r2 = 0.001, kb = 10,000, it Clump
BRBCIAT BN AT A%, R R IEHE T B AR S A ST 1 [26]

FAN, i T HAT BT R, SBR[ SC SNP R R MR SSALRE, IR T AR F 1H,
HIFRGS T BARE F<10[27], FAEIFEAR: F=/%exposure/SE2exposure, it g %5 SNP & {7 It K%k
RifE, SE & 8% SNP HIRER[28]. iBiL MR-PRESSO FEFE A A & B BEAE , WA H 5 (25 1% SNP 51
B, 8 KT 28, A SNP I HEAT 5 4 & A R BEN LAL BT 72 [29]

3.4. MR G&it934F

SERATPIREA SR BEN LA, 8 3305 Z N AU (inverse variance-weighted, IVW). MR-Egger. JlAL
437 2025 (weighted median, WM).  IIAUEL Y (weighted mode) F1 ] B A5 24 (simple mode) 73 1 3F-4i% 2 75 5 45 )5
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[F8ORE, Fort IVW O E BT eit 72, @il A TRAR S BT ZINAUS &9, VRS LR 508 &
[30]-[32]. SJsitAGMIAEFH Cochran’s Q Ziil & VEAh i, P>0.05, #RAFAEFME, R, WAFTE
St . {#F Egger-intercept K36k 2 2tk , Eid MR-Egger 51732 W 8245 PR T -Aik /& 75 AR LE KT 2 2%
P, MR R, JEH P >0.05, IERAFIEAKTFZME, ke, WAFLE33].

T WA SR )G, #E— DT 2R 8 R E/REENLIT 7T, amETAhyT . BIFEfk
MBYT HARARTT . SEARARTT 2RI A FIRE A R BRI R, A g R o . BRI . (AR A
VTHZIIAS R N SCRRAROE , R 70 BB HOT (0 R SRR o [ g G L 2R P I L, BIH B2 4
FRFAHOCH SNP = E S, (FH TwoSampleMR 277 1) mv_lasso_feature_selection #HGar 4, 2Bk
NI/ E SN

ST P < 0.05 AR A Gt L, OR {#(Odds ratio) > 1 F/n 28 545 B2 [\ IEAHE, OR<
1 ARFEAAHZL, OR (95% CILFE (S X [ [34].

35 &R
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P<0.05 was considered statistically significant 0 1 2 3 4

protective factor risk factor

Figure 8. Forest plot of the results from the Mendelian randomization analysis of the outcomes of different statins for
hypertension
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Figure 9. Forest plot of Mendelian randomization analysis results for different statin drugs on the outcome of diabetes
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Figure 10. Forest plot of the results from the Mendelian randomization analysis of the outcome of constipation for
different statins
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