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Analysis of factors influencing the achievement of target vancomycin plasma concentration and
construction of a predictive model in patients from high-altitude regions: a single-center retrospective study
CHANG Ya’ e, ZHAO NI, HUAN Zhilan, XU Guiqin, WU Xue, WANG Yafeng (Dept. of Pharmacy, Qinghai
Provincial People’s Hospital, Xining 810007, China)

ABSTRACT OBJECTIVE To analyze the influencing factors for achieving target plasma drug concentration (trough)
(abbreviated as “PDC”) of vancomycin in patients from high-altitude regions and establish a predictive model for PDC using single-
center data, providing references for rational clinical drug use. METHODS Inpatients with vancomycin (1 g, q12 h) administered
intravenously in our hospital from January 2021 to June 2024 were retrospectively included. Demographic data, liver and kidney
function and hematological indexes were collected. Spearman correlation analysis was used to evaluate the correlation between
vancomycin PDC and each detection index. Univariate analysis was used to evaluate the differences of each index in patients with
different PDC, and the effects of different gender, body mass index, age and underlying diseases (hypertension/diabetes) on
vancomycin PDC. Based on the results of correlation analysis and univariate analysis, multiple linear stepwise regression analysis
was used to obtain the independent predictors of vancomycin PDC and construct the prediction model. RESULTS A total of 141
patients were included, with an overall attainment rate of 46.81% for the target PDC of vancomycin. Correlation analysis showed
that the vancomycin PDC was positively correlated with age, blood urea nitrogen, uric acid (UA), serum creatinine (CRE) and B.-
microglobulin (B--MG), and negatively correlated with height, weight, creatinine clearance rate (CCR), glomerular filtration rate
(GFR) , alanine transaminase (ALT), hemoglobin (HGB) ,
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0.367, 0.169, 0.232, —0.140, —0.132; P<<0.05) were independent predictors of vancomycin PDC. The F value of the regression
equation was 34.858 (P<<0.05), the R* was 0.610, and the adjusted R’ was 0.592. CONCLUSIONS The vancomycin PDC of
patients in high-altitude regions is affected by multiple factors such as renal function, liver function and hematological indexes.
CCR, HGB and height could be used to predict vancomycin PDC negatively, while DBil, B.-MG and UA could be used to predict

vancomycin PDC positively. The variables of the established prediction model could explain 59.2% of the variation of vancomycin

PDC.
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AR R AT T B 2 PDC 59.2% AR5, v T
i e D DX R R T B R R AU . o, CCR(B=
—0.37 1)V Ay de v B ) FIN PR 5, LA O B P 5 [
WM HE — 3, FERIESE T B IR T SR
HERM FEEJCE R R . Ktk 7ESC B, % T CCR .3
R A B3, I R I LSS 7% BB R 8 R 4 45 245 77

- 202 - China Pharmacy 2026 Vol. 37 No. 2

WO UB A E R M SN AL B-MG(B=
0.169) 1] 1E [a] T J7 1 5 2 PDC, W1 AIESE T B /NED)
REX 7 il B R IE BRI SR I 1T DL XA IR0 PR
B 2 R TR B REIE SR (S & S BUR /NE iR
i), Bl 2R CRE K IE 3, I R 13 4145 7
B B 2R R R BB R K e KU A AT
PR BIRIT W M . (H AR Y2, DBil(B=
0.367) X% J3 i8¢ K PDC ¥ 1E [a] TRINAE T, 0T R S i 1 5
TR AR AR EE N IH 2L AR 5 25 3G B i 28 AL .
AR, SRR E IR A E i HIF-1a R I8 2 241t
#4§ % M 2 (multidrug resistance-associated protein 2,
MRP2) [ 3k ; IRZT 202 JIF R4 12 26 11 MRP2 (IR
HEB]SEPEM S 252 MRP2 HEHE 5 1041,
P VR A SR IR B8 AR ] 5 ) g il % e 38 1A 1) 3R 35 A
P, DT ] 42252 M 3y 5 22 A HE S [W] B, DBl A9
i AR R S A B I DR AR 35, DA S LR A R i
IR RES 3 e BT ARCHETE & A2 nT BB & 95 T L T
PHEBMIEM 2559 A B3 DBil K-35 i s = (07
3.0 pmol/L) FYFE L, 275 % 145 31 DBIl T (1 &4, i
PRIV G H7 iy 85 R I PR AR 1 0] BB TR AIC, 75 76 1 24
PP AL I R iFJR e R o . B (B=—0.132) A i1 ]
T 5t 8 R PDC, 456 4 A 25 B R B30 A 45
W BRI 258 T, IEAh , HGB(B=—0.140)F1
UA(B=0.232) 785 J7 1 8 PDC M C, AT BE S e 1 /&
Jir bl IR A ) I A R A A G i P s . R R R
i SR X R T B R AR 2R T &%
S/

ShA LRGN S UL AT 2 L, I IR R 2
G2 MR T RN E RS R & AT
CCR<80 mL/min H DBil>5 wmol/L (¥ i % , %] 4 7 &
A &R 25% ;45 HGB<110 g/L 44 A v KU A i
BEFRAE ;0 T B-MG>2.0 wg/mL (153, AT #EAT
BGOSR AL IR T 25
4 HiE

ARSI T 35 B I EE(CCR) FHIRE (DBIl) M
ML AT bR (HGB) 78 A (4 6 4 Sz F000 R 1~ , kg gt 1 —
ASEA RN RRE Y 22 4 7 1 B K PDC TS A
(% R =0.592) , Ay v J5 s XN AE 7 1l 85 5 MR
2P TR TR, BB AAAE LT R BR M A A [l
B AT , AR ST A RESRAS T A 3 5T 1 2 Yk 5
Ji VA0 T T S B e 2 I I DR 235 SR 58 5 ok, R g
AR BAE FH Bas i 2 32 AE 2 2 VR 52 M), i
Tl &R A 120 BRI N R A A Rk — 2
e,

S 3k

[1] ODA K, JONO H, NOSAKA K, et al. Reduced nephro-

hEZG B 2026 4E55 37 45 2 11



(2]

[4]

(5]

[6]

[8]

[10]

(11]

toxicity with vancomycin therapeutic drug monitoring
guided by area under the concentration-time curve against
a trough 15-20 pg/mL concentration[J]. Int J Antimicrob
Agents,2020,56(4):106109.

A, 2530, AT, A O DT R R A AR
1 (2020 SEHTRSO) M# B[] I R Z503R 97 4%k, 2021, 19
(1):12-16.

TSUTSUURA M, MORIYAMA H,KOJIMA N, et al. The
monitoring of vancomycin: a systematic review and meta-
analyses of area under the concentration-time curve-
guided dosing and trough-guided dosing[J]. BMC Infect
Dis,2021,21(1):153.

RYBAK M J,LE J,LODISE T P, et al. Therapeutic moni-
toring of vancomycin for serious methicillin-resistant
Staphylococcus aureus infections: a revised consensus
guideline and review by the American Society of Health-
System Pharmacists, the Infectious Diseases Society of
America, the Pediatric Infectious Diseases Society, and
the Society of Infectious Diseases Pharmacists[J]. Am J
Health Syst Pharm,2020,77(11):835-864.

BAIGENT C, EMBERSON J, HAYNES R, et al. Impact
of diabetes on the effects of sodium glucose co-
transporter-2 inhibitors on kidney outcomes: collaborative
meta-analysis of large placebo-controlled trials[J]. Lancet,
2022,400(10365):1788-1801.

WANG Q, LIU G Q, DUAN Y B, et al. Exploring cyto-
chrome P450 under hypoxia: potential pharmacological
significance in drug metabolism and protection against
high-altitude diseases[J]. Drug Metab Dispos, 2025, 53
(2):100026.

LIUJH,XIN Z B,HUANG Y Z, et al. Climate suitability
assessment on the Qinghai-Tibet Plateau[J]. Sci Total En-
viron, 2022,816:151653.

WANG S Y, GAO J,ZHAO J H. Effects of high altitude
on renal physiology and kidney diseases[J]. Front Physiol,
2022,13:969456.

SU X Y, MATTHEWS T, HILDRETH M, et al. Activa-
tion of sympathetic nervous system contributes to erthro-
protein gene upregulation by hypobaric hypoxia[J].
FASEB J,2022,36(S1) : fasebj.2022.36.S1.R2781.

QIU F F,SUN Y M, LI W B, et al. A review on drug-

metabolizing enzymes, transporters, and gut microbiota on

pharmacokinetics in high-altitude environment[J/OL].
Curr Drug Metab, 2025[2025-11-15]. http: pubmed. nci.
nlm.nih.gov/39931992/.

QU S Q, DAI C C, GUO H, et al. Rutin attenuates

TEZD; 2026 455 37 5 2

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

vancomycin-induced renal tubular cell apoptosis via sup-
pression of apoptosis, mitochondrial dysfunction, and oxi-
dative stress[J]. Phytother Res,2019,33(8) :2056-2063.
HOLFORD N, O’ HANLON C J, ALLEGAERT K, et al.
A physiological approach to renal clearance: from prema-
ture neonates to adults[J]. Br J Clin Pharmacol, 2024, 90
(4):1066-1080.
MURPHY M, GIRDWOOD S T, SCHEETZ M H. Cli-
nical guideline highlights for the hospitalist: therapeutic
monitoring of vancomycin[J]. J Hosp Med, 2020,15(12) :
740-742.
H—5 B, S, 55 rh PR g s = 88 Tl & R
1L 245 3¢ E 5% i D 38 3 BT ). BE 25 4R, 2022, 41 (10)
1523-1527.
WANG H, TANG C, DANG Z H, et al. Clinicopatholo-
gical characteristics of high-altitude polycythemia-related
kidney disease in Tibetan inhabitants[J]. Kidney Int, 2022,
102(1):196-206.
PULL,XUH B,WANG Z R, et al. Intermittent high alti-
tude hypoxia induced liver and kidney injury leading to
hyperuricemia[J]. Arch Biochem Biophys, 2024, 758:
110078.
VAN BOMMEL E J M, RUITER D, MUSKIET M H A,
et al. Insulin sensitivity and renal hemodynamic function
in metformin-treated adults with type 2 diabetes and pre-
served renal function[J]. Diabetes Care, 2020, 43 (1) :
228-234.
CHU Y G, ZHOU Y, LU S H, et al. Pathogenesis of
higher blood pressure and worse renal function in salt-
sensitive hypertension[J]. Kidney Blood Press Res, 2021,
46(2):236-244.
DUAN Y B, BAI X, YANG J X, et al. Exposure to high-
altitude environment is associated with drug transporters
change: microRNA-873-5p-mediated alteration of func-
tion and expression levels of drug transporters under hy-
poxia[J]. Drug Metab Dispos,2022,50(2) : 174-186.
BAI X, YANG J X, LIU G Q, et al. Regulation of
CYP450 and drug transporter mediated by gut microbiota
under high-altitude hypoxia[J]. Front Pharmacol, 2022,
13:977370.
LIU D, YU Q, LI Z B, et al. UGT1A1 dysfunction in-
creases liver burden and aggravates hepatocyte damage
caused by long-term bilirubin metabolism disorder[J]. Bio-
chem Pharmacol, 2021,190:114592.
(ks H3:2025-08-18 & [nl H:2025-12-11)
(€t S )

China Pharmacy 2026 Vol. 37 No. 2 - 203 -



