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Population pharmacokinetics of atorvastatin in patients with hypercholesterolemia
based on SLCO1B1 genetic polymorphism
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Abstract: Objective To analyze the atorvastatin blood concentration in patients with hypercholesterolemia, establish a population
pharmacokinetic model for atorvastatin, and investigate the influence of SLCOIBI gene polymorphism. Methods Patients with
hypercholesterolemia admitted to Lu’an People's Hospital from January 2023 to June 2024 were selected as the study subjects. They
were po administered with Atorvastatin Calcium Tablets at an initial dose of 20 mg, once daily. The blood concentration of atorvastatin
was determined by HPLC-MS/MS method. The ¢.521T > C polymorphism of the SLCOIB1 gene was identified using PCR method. A
population pharmacokinetic model was constructed to calculate the atorvastatin clearance rate for patients and analyzed its correlation
with the mean creatine kinase levels and the difference in low-density lipoprotein during follow-up. Results The trough concentration
range of atorvastatin in 136 patients was 0.29 — 2.12 ng/mL, and the peak concentration range was 1.12 — 12.27 ng/mL. The gene
frequency distribution had good population representativeness. The apparent clearance rate of atorvastatin was significantly negatively
correlated with the difference in creatine kinase and low-density lipoprotein difference. Conclusion The ¢.521T > C polymorphism
of SLCO1BI gene is an important factor affecting the clearance of atorvastatin, which is closely related to the lipid-lowering effect and
medication safety risk in patients.

Key words: atorvastatin; hypercholesterolemia; population pharmacokinetics; SLCO1B1 gene; creatine kinase; low-density lipoprotein

e P ] B AT RE A2 DA XL 3 1 2 P i B A R ] M BRI EEEREZR, LSEUEE SR O
T N E BRI AR R ACH ZEL 5, & F RO A ZE I LE AT ik 72.5% 6.35%U1-2), 98B,

WIS HEA: 2025-03-10

ESWE : FHE A REHAEES TN H (82300841); 2 Mk HAAEHENE I H (KJ2021A0342) s 2RI RLR 2 RFHIFRE 670 H (2020xkj231);
ANLEHRHEGOTRIBE (20221akj013)

TEEEN: fFE (1993—), 5, EEHIM, Wid, Hh e 2%, E-mail: m18255367542_4@163.com

*BIEEE: LEM (1982—), 5, 2RUGEN, BIFAEANNG, fid, W55 mNIGRZ S, IR, E-mail: wafacai305@163.com



EA40BE10H 202510 5 RS E LY 3

Drugs & Clinic

Vol. 40 No. 10 October 2025 - 2499 -

FEUR P o i v o7 T S 25 PRI 0 il T35 A R R
AR, o R TS B BRI TR A
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o, AN ERE TAILE B IR ORI A BSOS R AR IRt
BT BRI MEZ 7B, TSN, B TRk
THREZAEHIAE FHEIZZ K 1B1 (OATPIB1) &
1 AE N JHE S R F0 ) R T e A ps R - T i
OATP1BI1 & I 5ERA ARG LI B T #5128 2 Ik
1B1 (SLCOIB1) HELRAR 5 v] s i % s A 1 %
ZgE e, T BT FE AR A VT 1) 24 3 2 FE e AR AR
b, X ATRESE T BB T AEAN [F) 8 25 a) R BT
R A 22 S R R R 2 100, A 70 i B R
AENE T IE R BT SLCOIBI F[H 2 35X
FEARAMYT 258 E R 2580 1, DLBA IR R ) 52
BTFEARA T AMAI LS 2577 RIS
1 ARXER

PREL 2023 4E 1 H—2024 4F 6 A/NZm ARE
B WAL TE 4D v L e oo S8 2 A I T e RN
B 136 9, HA 5 5761, 796, —RilEIRE
ENZE 1. AFALEN DTN RIEREFAC B EZ
REMHERE (S SERH 2021159).
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Table 1 Clinical characteristics of enrolled patients

T H HALAE Ju

R 61 23~90

E R =85 (kg €m2) 25.12 21.64~27.39
I35 WL/ (umol L71) 82.36 71.29~108.87
R ARV L) 31.28 16.49~38.19
REHRE AR L) 27.94 18.33~40.72
S IH [ B2/ (mmol 471) 7.26 6.93~9.36
R NG E A/(mmol L) 5.72 4.98~7.27
A EAEE A (mmol L) 112 0.33~1.87
=L H/(mmol L) 2.47 1.89~5.37

GINFRE: (1D B IR ERF S (K%
P e UL ] 2 IR 7 #5429 P B L LR T
FRHRME, BIQEE EREZERRZYIRIT T LG
KR EMN (LDL-C) =4.7mmol/L; @Jk. &
L WA & e 5 A2 - vk gn

M, ek 45 2 DU B HBUENEA
M5, @BHE —HoREA SR B AAE . O U8R
S G I s DA R BRI e . R A
W 2 TiEk 2 1 LA RIATS W v R AR . A B
FEARABIT A R E SAIE; (2) FER =18 A%, BaAh
R (3) BFARMES, BRIz MRRTE A iT4A 277
FIRIT

HeBgprdE: (D RIS AL, (2) &
HAEMICARMITIAIT2ERAE; (3) JRITRT & A AT
et BV B B8 RGN 5%
2 FAEEHR
2.1 HBHHR

T R 1) D IRBAT AR T 45 v [ & 2 Gig
) BIRAT, ¥k 20 mg/Fr], #EIAFIE 20 mg,
1k, T2 4. 8 FME MIGHWRE (F—IRGZ
BT 30 min). JRYT HAAIE B R EE AT T 45
A S EE R, WF4A26)E 1.5 h S Ree
A 52 BTFEARARTT I35 VR
2.2 HPLC-MS/MS &M E FIFEMR 5T 2Kk E B
221 BEIEFM %R Zorbax SB-Cis i A
(250 mmX4.6 mm, Sum), M3NFHHN S mmol/L £
BRI (& 0.1%F IR, FEIR 40 °C, iEFERS 5 °C,
HEFEARAA 30 pL.
222 JREELM R ESIHHTE T HAI, YRR REE
550 °C, JEWTH I 5500V, B IEAR. RS
AR ASIES BN 35, 42 20 psi (1 psi=6 895
Pa). BlFGfRAthyT7E ESTJRH B FAEK [M+H]
(m/z 559.5), FHZEFAEABEEF, FATRER AR
JE T BTN m/z440.3. FIFEARALIT R RE R, 25
LR 43 A 34, 103 eV
223 XTHRSVEVR B EI S 8 B R BT AE
PRI ES AR, I 2 A2 50 mL B, BCh Rk 15.4
ng/mL Bl FEARAR YT 0T FE RIS . R VA 4% 1.23
ug/mL 4% 5155 RET B S, VRN I FRTR
2.2.4 FESTRALTE  BY 200 uL IMLREEAS, 20 HIA0N
10 uL WARIE 1 mL HFEERCT R RE. 1 mL BSER £
fig. 200 uL ZFREVE W (6 mol/L) Al 10 uL 50%H!
BV, HUBE S min, F£LL 4 000 r/min B0 5
min, THWEKHENAGEKE, HEENEERE
H1, LL1S psi 7E 40 C FEAZEMAAR TS, A
6 mol/L ZTREFIR 200 uL, JREIGHEFERENH S EP
&, FFLL 3 000 r/min 20 3 min, FHEL_EEW E
e, AT 0T
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225 MEgER  SRUEE 136 6 H FIFTFEARAL YT CL/F= 6L XEXP (m1) (1
MG EREA 325 By, Hrh ik 272 4, Uk V/E= X EXP (1)1) @)

53 4. B ALIME N 0.67 ng/mL, Yo A 0.29~
2.12 ng/mL; WEIREFAAMEN 6.12 ng/mL, JEFEH
1.12~12.27 ng/mL.

23 ZEMEBAHERXNKRN (PCR) FELXE
SLCOIBI & ¢.521T>C L5 %755MH

2.3.1 AMEIMIERZ DNA $REC SR A E E
ikIfi. 3~5mL, # & 30min, LA 3000 r/min i P
HECHEL 10 min, 775 EEME, ET EP &
H, T80 CUKFEIRAE&H . RAWIEREE, M
T AR AR AT PR A P o v e R 2 4
B 7 S BRI 3 R4 DNA 5288 B
232 5t B Chen ZBI 5T, it SLCOIBI
FHE 6 SM T HIMTH, HiFGIYIN 5°-AAGTAG
TTAAATTTGTAATAGAAATGC-3", FiE5I14%10 5°-
GTAGACAAAGGGAAAGTGATCATA3’,

233 PCR ¥ A RMY &M PCR 6K R
(50 uL): & MgCly [ 10X PCR 20113 5 uL, DNA
BEBR S uL, 5Xbuffer ZZ 4 uL, 4 X dNTP 5 pL,
TaqDNA & 0.5 0L, ETFHEIW& 1ul, F#R
4 KA E . PCR N4 1 e AR 1
94 C. 5min, #RJ54E1E 94 C. 30s, Bk 48 C.
45s, $EMH 72 °C. min, Lt 40 MER; )5 72 C
NHEZEM 6 min, 4 CIRTE.

234 HFZEMEESR E10uLSLCOIBI %
K28 6 #MEF PCR 4 3940 10 pL FRHIPEN DI
BstUI (New England Biolabs A ®]) T 60 C Tz
iR, AR 3.0%B gk EAEAL, BL5V/iem
FLYK 30 min J5 R SR RG] g2k (RIAS
AR, Xf HL vk & Rt AT $A8 IR 17 . SLCOIBI
B ¢.521T>C L 25N ER, BAadisT
TT FE#E 109 ] (80.15%), A 2848 TC AUl
HGRA CC MEH N 24 #] (17.65%) 3 H#l
(2.21%), Hardy-weinberg “FHif I, JEFA0A
oA BB REARAENE (P=0.092).

24 BAAFERGE

241 WM EELR @ IEL RS BN
B2 (NONMEM) S S5 MR B A 3 . 228 STk
FRIEL-10, I45 G A B RAE, SR S AL
A, % Ka [E 8 2.5 WLo FIFCARAYT A5
BRRTERRZAE R A AR (V/F) FIRWIERR
L (CL/F) $FEon, FEMER % SHRET .

A, foL M1 o 73 AIARRBTILRARYT CL/F
A V/F R AE, B4 308 ng/mL. L, AR
R ERSHIAN IR BEN LN S, T H A
MEEFEFIRFFEEL 0 Al 72N o? BIE

FEBOINANL | LA BYFIR A Bk 72 B R 0] Hicdis
LA ROR , EFE RS RN (AIC) B RAE R
TERRERRL . FRERRRIEWT

Yobs=Ypred+e1 (3
Yobs=Ypred X (1+¢2) 4)
Yobs=Ypred X (1+g2)+e1 (5)

A H, Yobs AR FTFEARAMIT UMK B,
Ypred RETMIKSE, &1+ e 53 FE S IR AN
BRZE, BEEHLT, XM ERFELL0A
b HZEN P HIESD .

B ZERET 3 B BN AN R L A R & Rt

HHEIAT LS, AIC EH 58 406.12. 425.764
418.39, WMUEBEIAED BAE AT LG . FEAAR
SRR, BLARMIT R CL. A= R A 2%
L AMNE BRI ATHAN S = RE BRI A 7Y
84514 508.61 L/h. 1 532.85 1.2 965.47 L. 1727.64
L/h, &SHIAHMRHER (RSE) #/8F 20%, I
* 2,
242 WWARBEBANME FHREFEN. T,
P EIRE. WRRE . RAEREEM.
FHERRR AEA SEE. M. SLCOIBI
B ¢.521T>C AL 5 2 SR BTFERARTT 25 8h % 2
sz, HAiEg A E R R (AKX 6)
FINFERASEAY, 73 2R B R FH 2R A2 5 N S At
(AR D AXREKEWT:

P=6pX (covariate/median) ®ovariate (6

P=6X (14 0covariatexcovariate ) 7

ARH P RAIFESE, & NZANFZHN
FEAR SR, i Ar B i AR B, covariate
SEhRIEAE, AR ER, covariate HUEA 0
& 1, median AEZEEPE B IIHTAAE, Oovariate
P B 1% 24 50) 2 2 A0 ) ] 58 RUUSAE -

T I [ HI 9 NI 1) S G B i S A B A
Ao RHAY RIAEZ M /D Rk R B A g AR
OB AR EL -2 i (—2LL) & SCH B AR %L
(OFV). fEWASE M AT ANTETIEIEFEH, 47 OFV
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®2 AT EMRBMRERESH T H Bootstrap JIELR

Table 2 Parameters of atorvastatin base model and final model with Bootstrap validation results

- SRR AR Bootstrap % il

flii1{5 RSE/% 95% Cl fiiH{  RSE/% 95% Cl M Qzs, Qs
a 2.5(fix) — — 2.5 (fix) — — 2.5 (fix) —
fer 508.61 16.21  466.47~550.75 512.13 14.15  405.542~618.713 513.76 412.37,618.92
& 1727.64 21.66 919.041~2536.262 153859 10.36  730.833~2346.351  1541.98 1007.89, 1956.81
&e 1532.85 29.54 106049~200521 181287 2591 1203.310~2422.430 184431 1518.47,2341.76
Ap 2965.47 2757 2377.475~3553.478 3147.16 20.86 2449.401~3844.920 3177.57 2397.65,4177.87
GoaTpiB1 — — — -0.612 9.17 —0.351~—0.873 —0.608 —0.316,0.878
ocL 0.056 15.48 0.021~0.091 0.012 17.92 0.002~0.026 0.015 0.008, 0.037
©Q 0.618 18.51 0.191~0.932 0.543 20.19 0.318~0.768 0.528 0.316, 0.815
ove 0.754 29.63 0.325~1.183 0.692 31.97 0.433~0.951 33.82 21.76,41.65
VP 0.698 20.84 0.661~0.735 0.616 28.39 0.365~0.867 0.578 0.217,0.854
Pl iR 2 1.367 14.82 1.177~1.557 1.417 15.76 1.176~1.658 1.521 1.137,1.776

TRERT 3.84, M AIZIM B EX 2302550 E
BRI (AOFV>3.84, P<<0.05), 7E[hJ55IBR1%
o R AR IR ARAE, EDY OFV KT
10.83, NPKHAREE R LB (AOFV>10.83,
P<0.001).

BT AR 70 P i IR A s 2ok B TV B
s V/F (S SORS HE BE A B 22, WU B 2 P
XTBTFEAAMYT CL/F sz, HARYE SLCOIBI H:A
c.521T>C AL 28040, CC BB/, Wl
H5 TC MEZ AT EIHHELE. MATHNIES,
SLCOIBI $:[K ¢.521T>C A1 2 B WERER
Mg A X CL A B E W, AOFV A 75l -
—18.12.—4.86.—4.32,. Wi A HI BRI FEH, (L SLCOIBI
FEH ¢.521T>C MR 2 SRR R R AR,
LRI FEARAMIT ) CLIF. Veu Vpu Q HIREAR ST
{E53 514 512.13L/h.1812.87L.3147.16 L. 1 538.59
L/h, SLCOIBI 3£ ¢.521T>C i 2 A MER T
RABYT CL 52ma i [ e SNAE Y 0.612, HBERLA
CL/F=512.13X (1—0.612XOATP1B1), A H#
B SLCOIBI FEFM N TT B, MEUE N 0, &N
TC 8% CC BUNIHUEA 1. W% 2.
243 BIRIGUE SRR APLERER (GOF).
Bootstrap. A AL M (VPC) IR T 43 A1
R Z£97; (NPDE ) X 5 28 [R5 7 14 A0 Tl 25 Be 32047 PP
Hro BZAEA GOF B ILIE 1, w] EnBafFEA AT i i
24 VA 55 R0 P 5 S R %) R A o L R A A S A
TERERN 1. BN 0 B 28PN 2 BEALEA 5] 70 A

T ULIAE AT SR TRIIAE WRES  £EAS 5] 44 50 i
A ] _EJC B R A . 1 000 IX Bootstrap 4
RS RN, BRALSAT NN 96.0%, 11 1000
VORI S B 5 i B S 5
AR EN 8, BT SH0397E Bootstrap
BSUEH) 95%IX ] (% 2). VPC WilE45 R R, 76
%57 50+ 95 B O AT I I B (R IE R
PAE B AR () L 259K E 95 % B AR X T Y, 2
UL A AR AR B B IAR A (B 2A0
NPDE 45 8%, #7 NPDE {47 QQ & (|& 2B)
AETTE (B 20 ¥ 7R iU IEZ 53 4i » H NPDE
THAEAF L2518 (& 2D) FIREFiE (& 2E)
B JC I R A o A

~ 100 10.0
550 5.0
£
éb 1.04 1.0
5 05 g 0.5
m 0 5
S 0.1 °§ 0.1
0 o 0 . o - - - -
001 0510 5.010.0 001 0510 5.0 10.0
PRED/(ng-mL™") IPRED/(ng-mL™")
2| 2 §
wn 1 1 a
2 o 0 B
= -1 -1 °8
-2/ i ) 8
-3 ° g 3 o
—4! o i -4 o
0.1 0.51.0 5.010.0 140 145 150 155 160 165
PRED/(ng-mL™") t/'h

1 PEfAR T REREE) GOF
Fig. 1 GOF plots of the final atorvastatin model
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Fig. 2 Visual predictive check and normalized prediction

distribution error validation of final model

2.5 HEEFEITEMN

FTf B2 8 FEIBEV, 4> BIAERETIEE 1.
4, 8 JERSI S s WUR G KT, THE M.
EBREE UORZARTRN LDL-C 3261, JFERETS
F8HERE, MHHZEM (ALDL-C). MRIEFFEIK
T HAR 28 PR A 8 CLF, ot S
S TV BRI VLR BB Y {1 ALDL-C [ AH 1
136 Bl BE TRV MR ARG 136 1) 5
BIFEARAMLYT CL/F A, HWH 5 BE 5 I F
WIER BB A1 LDL-C b AKFIEAT 8T, R
B E 2R AMIE (P<0.001), WA 3.
3 g

BT FEARARTT 2 I PR Hh i FH B IR 25 2 —,
A SR AL @ i) IE N HMG-CoA i 5
fitg v M & ¥ PR LDL-C 2% 1M fig /K 7 B9 4 9 .
OATPIBI1 &7 Af 75 A M i b 1) —Fh B ZL (1) % i
B, PETE KR IR i 2 A
W, 1249w OATPIBI FEIN R A RA G v] B2 5
M) JEF JE ot 25 9 %% 2 Thge ML BT B4 Ath VT /& OATP1BI

3 FREAAMITARRS FHMNERAEE. ALDL-C K918
KM
Fig. 3 Correlation analysis of atorvastatin clearance with

mean creatine kinase and ALDL-C

WEZEER R —. W5 RIM, 7€ SLCOIBI A
¢.521T>C AL iR AERA S, CC B KA NR AN
RESUYVE AR RS RS In 7 17 £, /e AR TT
RUBH T, WA TR A 2555 = M B T
RO DL B FR AR R0, Al L, ¢.521T>C fir
RS0 OATPIB1 2 (I X FT Bk th i yT 1) 5%
YR, M- FBCL253) 2 AL, ema B4k
YT IR AR T O 2522 4. BT, KT SLCOIBI
LR €.521T> C A7 5 AL BT FR A AT T 11 AR S FH 24
R TR 2, R EZ AN FE R R T A At
T2 S E &5 .

AH FLE T NONMEM #0428 57 B FEA AT
FERZ B A, AR BN, BFeffhyT
(1) CL/F\ Ve. Vps O WIRFARSILAUE S 0N 512.13
L/h. 1812.87L. 3147.16 L. 1538.59 L/h. Stillemans
ISR =B A T BT FEARAR YT B B AR 245 3
SRR, HBIRSEREOR, CL/F. Ves Vps Q HIHE
R SRR 4354 535 L/he 1960 Ly 3900 L. 1690
L/h, S5ARWFTE R —3. Langeskov S5 45
BEKW, BUFARMIT R CL/F A 620 L/h, & T AHF
FU) 51213 L/h, @ e drel s, EZ R ] e
AT R T R R B A2 AN ERIR T,
RAEZIIFEAER, FEBTFEAAIT BRI BRI .

HeAh, AREFF L RIL R, SLCOIBI A
¢.521T>C i S RAEX PHEARAMIT CL/F A RER
M, HL[E G RNAE N-0.612, BIARET TT BB,
TC I CC B EH FIFEARARTT CL/F FF% T4 61%.
SLCOIBI FERNAL T2 12 Stk s, 2HT4niu
JER—FE R A R, A SR B TE K
RGN s, HIhReRAE R 5 7] 2 2
YIS RAERRDS ., KEFFTIESE, B RAhiT &
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OATPIBI1 [ EE Y, 241% & A ThREAR L ] S 2L
BT FEA A YT A O AR M A R A B AR e D617, B
i, ©KILSLCOIBI W HRZAMEZIE 20 R
P, Hodt ¢.521T>C {7 542 B AT 72 1) 2 A 400,
HA R G S5 OATPIBI HIZThRE R, fHATE
X BTFEARARYT PSRk, 259 E T, AU
e LB T %, HLE— 2B N T F 2 e A ARSI
Pasanen Z5UNE I 258220 LR B, SLCOIBI %A
RN CC B 11y e AL ] 2 AR B8 B 2 BT e AR Ay T
IV R, AR R B AR TT BN T
144%. X AHFEELO 1 T AR SLCO1BI BEA AL &
FNRER AR LR, RI CC MEHN R EZHE
=T TC A1 TT B, LLESERIER SLCOIBI FEH
¢.521T>C P RAERAE G, W EE KRR
TN EIE, Framf2aikeE, SEOLERICET
B, T FH 24 22 At AU s B AR 9EIAA, SLCO1BI
B €.521T>C A7 pi RAF SR FEARARTT B i 2o
JLIRE U () R A e ge i A ek, Sl ph 2 5
(1) 3= 2 J5 D] AT i A 3 R ATF 5 P N A e o o
gL, WA RpEE R, HEEHMHZM
O 25, REBTFRARARTT 1) 24 3005 A 245 8y 2 5 T
WK, W37 SLCOIBI R RAN G555
(RIFZIR21-220, AKHF 3T SLCOIBI K ¢.521T>
C AL 22 AR RN 1 e L I TURE £ (TR 24 50
SRR, RS IR BN, AR E TR, HEAE
TR AE RS o JETxA 8, 5]\ SLCO1B1 FE[H
¢.521T>C B & e H A 3 CL/FAE, ¥4 3
5 RS R ALDL-C HEAT AH G 4 b7 T %0,
FIFEAMhyT CL/F SWLERB M. ALDL-C 2 E 7
FHOR, $RIRPTFEAAM YT B2 T B fa B A 259k B
T At RS I, T TR Y T 7R A P
s> F RO R AR

gk BRTR, AHFFEET NONMEM {E# T 1 &
JIE ] sz £ P BT R AR A T BRI 2 B AR, B8R
TBfEFER R A E S, SRR,
SLCOIBI FE[H ¢.521T>C A7 A2 &M 5 mif
HMITIERREER R, HS5EF RIS
GAPERB YA, NI R BT FE Ay T 14
A 25 24577 2 B B SR AR

RBFE ALY EAREEA BT R
SE 3k
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