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Abstract

Objective: To investigate the causal relationship between lisinopril use and the occurrence of pneu-
monia. Methods: A total of 58 genetic variants associated with lisinopril were selected as instrumen-
tal variables from the summary statistics of genome-wide association studies (GWAS). Pneumonia
was defined as the outcome. A two-sample Mendelian randomization (MR) analysis was performed
using multiple regression models, including inverse variance weighted (IVW), MR-Egger regression,
simple mode, weighted median, and weighted mode approaches. Odds ratios (ORs) and 95% confi-
dence intervals (CIs) were calculated to assess the causal effect of lisinopril on pneumonia. Hetero-
geneity among instrumental variables was evaluated using Cochran’s Q test, horizontal pleiotropy
was examined with the MR-Egger intercept test, and the “leave-one-out” sensitivity analysis was con-
ducted to assess the robustness of the results. Results: The IVW analysis indicated a negative associ-
ation between lisinopril use and the risk of pneumonia (p = 0.002). The weighted median method
also supported a causal relationship between lisinopril and pneumonia, with an OR (95% CI) of 0.93
(0.89~0.98, p = 0.011). Other regression models did not reach statistical significance (p > 0.05). Het-
erogeneity testing revealed the presence of heterogeneity, while no substantial horizontal pleiot-
ropy was detected. The “leave-one-out” analysis confirmed the robustness of the findings. Conclusion:
This study provides evidence that lisinopril may exert a protective effect against the development of
pneumonia, offering new insights into its potential clinical benefits.
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A (Lisinopril) y I8 255K 26 B0 1) 77 (ACEN) 5254, 1 Bnmid i 1 &% - A Bk & - &
I ] 2 495 v 1) I 4 5 K B L 4 B (ACE) R /E F] . ACE Tl I 55K 35 | (Angiotensin 1, Ang 1) 4k Jy il
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W A RN 2 —, [, X —HLHEHA AT RES ACEL R 2597 BRI 98 XU Hh )8 76 F AR
Ko TR FLRIA, ACEl 28Z5WrmT Rest it 2 ik AL A R ER, (EARRIBF R4 R RS 2R
FE G SR VERIE L 25 5 52 BIVR A PR R A A (R SR OC R I sE ), 3 350HE AR P T — 38 2 I I R G &R

T8 /R BEALAL (Mendelian Randomization, MR) J5 i Al 2 R 38 R/ o T B A B, @it EH ARBENL 70 il Sk
WAL B 545 R B EIER K R, Rele A AR LS MERIE 78 b VR A% DR 3R S s e R R A s [4] . ASBIF F 3%
T ATF A R 4RI BT (GWAS)HE, S MR 7925 2 G Al i i 301 5 i 2 KU 22 [T [R SR 2% &R
N ACEI RGP 1) 2 A PEVPAS S ST E B & RORE B Lg% Ak 3

2. BRI S5HE
2.1. BIRFKIE

AHIE T TR FH B SRR T 35 [E A M FE A 2 TEU OpenGWAS Project (https:/gwas.mrcieu.ac.uk/) ¥4
J o i R (ukb-b-12095) I A4 K 1 2018 A TF R K GWAS Suit 4 REHE, FEAE N 462,933 A,
SNPs 4%/ 9,851,867 /~; fifi 4% (ebi-a-GCST90038665) [ 4 # K [ 2021 A A K GWAS it 45,
FEAE N 464,598 N\, SNPs 2%k 9,587,836 4. AT $udi ok B A FL 8 2

22. TEAZTERIXE

BRI T AR B 5 R FR R 3 A G, A FE B 1 A7 78 AN T4 R [ SC 45 M 1 A P TR
% A1 (Single Nucleotide Polymorphism, SNP). Mt & A E i b, AL T p <1 x 105 1) SNPs, Jf
B 7 AN P8 119 [X 4589 [l (kb) > 10,000, SEBEANF 47240 (r?) BB 0.001. DRy 2% k55 T H AR & ] e S 45
JRrEA i s BRERFTE SNPs (1) F {E15>10, fZILgHN 58 /> SNP A8 & AT d i /R BEALAL 04T

23. GtFERE

AR TER I RA.5.0 et B A ) TwoSample €05 Edla 2t AT AbEE 57047, JF N 2 R PTREA /R BE
BT T, IRARI B 545 R Z I BER K R it — D8 1% 28 52 158 1 B 1 v
IR PR ok PR A B R A KT 52 i 8 XURS: - JFHRRAR b T AR SRS DRLEBAS T4 T 3 B AR B SRR, A
WIE AL i PR BEALAL 7 A it b, 2B 5N DU E AL A, R SRBREISAL (o i A2 75 36 2 DR SR A S i
1T RGBT F R HT 7 iV ELE I 7 22 A% . MR-Egger [EIUA a7 BUBEARY L IRt s r B0 A b
B, FL APy ZE IRGE R 1 ) B RO 75325 ilid Cochran’s Q K3 vF A% Bk, 4 p <0.05,
YWALFESR T E s M MR-Egger BG4l 22 2, 27 p<0.05, M NAFAEZ . KA “®—1k”
P BERAREE, A0 25BR S SNP JE A& B0 2 ik 545 R L MM SC R AR . BhAh, A BhAR AR A AT AL
R IG Ry IO B R A B A 3 A% T H AR 50T % i 1 45 JR) R8O8R A2
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SR BRI G 3 R FH 247 0 G D38 A A S A 75 T 3 (1 T A DR L A s T i 6 XU, HERR R T4t
AP PN AR B OGS, AW TR A DUt A M O iR EAT VRN o o AT ade B U 5 R 2 GWAS
HH i S 25 ) = AN R LT (R AR5 5 (4 BT chrd. chrl9 AT chrl), F£LA%% lead SNP ALy, Fy%
+250 kb )L E AL IX I

TERFAN LB AL XA Y, 43 B EURE U 5 ) FH 24 5 it 98 ARG (1) GWAS i Gt 4t R T DL HTAE
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W R 256, H2 R 5l 5 KBS ARG, H3 FRom AR 43 51 B AS [ ) TR AR S 0K 5l , HA Ron

DOI: 10.12677/acm.2026.162583 1886 Il PR 2 2 3t


https://doi.org/10.12677/acm.2026.162583
https://gwas.mrcieu.ac.uk/

ERLCT GRLE

PRI A — PR AR 5
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Figure 1. Forest plot of whole basis set instrumental variables for lisinopril exposure factors
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fEH, OR=0.94 (95% CI: 0.91~0.98, p = 0.002). LtAb, MNALHRALEE 0 45 S AR S Fpdl v 1 1 78 B AT 28
KA TR E T, OR = 0.93 (95% Cl: 0.89~0.98, p = 0.011). R I At 478 7041 /5 V4E (L MR-
Egger 15, fj SR S AR AL i) 45 SRR IA B Gt 2 2 M (p > 0.05), {HFTA J7 %45 i) OR ¥<1,
HI7H5 IVW S5 R, 3R B8 A il 28 28 RS ) ORGP AR T o SR AR RN [ R e B — 2k, 18
SRS E AR AR, LA 2.

K 3 JEaR 1AL T HAR B R R RS HOR ], Horp B A3 SNP, JB R BRI 5% 387 95% C,
INAEFR TR SNP X i 2 (R8RS ARAR U 24 SNP 30 % i PR -t v 37 M ) 28Oz, I P Rt LR oR MR
AT A SR
id.exposure  id.outcome nsnp  method pval  OR(95% CI)
ukb-b-12095 ebi-a-GCST90038665 58 MR Egger 0.451 0.94(0.81t0 1.10)
ukb-b-12095 ebi-a-GCST90038665 58 Weighted median 0.011  0.93(0.89 to 0.98)
ukb-b-12095 ebi-a-GCST90038665 58 Inverse variance weighted 0.002 0.94 (0.91 to 0.98)

ukb-b-12095 ebi-a-GCST90038665 58 Simple mode 0.081 0.89(0.79to 1.01)

ukb-b-12095 ebi-a-GCST90038665 58 Weighted mode 0.137 0.91(0.81t0 1.03)
] |
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Figure 2. Forest plot of the Mendelian randomization analysis results for the association between Lisinopril and pneumonia
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Figure 3. Scatter plot of the Mendelian randomization analysis results for the association between Lisinopril and pneumonia
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3.3. HEMTER

K FH DU BT 5 67 20 AT VP A 6 08 R FH 25 AE G s AR S R B S I R RS L Z R AR o 7B HL
W R 25 GWAS i 2 35 1) =AML I8 %5 547 s (chrd . chrl9 il chrl), 1A% lead SNP Sy HC»
P +250 kb B8 A7 X 38, 7E TR =AM EAR AL, 35 A U8 21 v 5 R FH 245 15 ik 98 IXURS: 22 ] 1) 3 5 fr
TEHE, = R RAR S 5 B0 AL R (PP.HA) AR (3<2 x 1074) (W35 1). M, AN S HR v 2 ) FH 24 S 36 1)
Ja SR (PP.HL)TE P A AL s R 4508 1. S5 0E3RH,  Jvs R A 24 1Y) 32 BEa8 4% 1o DR 3R IR AN 5 il 98 XU

S B AE R R o
Table 1. Bayesian colocalization analysis results of lisinopril and pneumonia
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Figure 4. “Leave-one-out” analysis of the association between Lisinopril and pneumonia
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3.4. HRAMSHLER

AHFE R Cochran’s Q A& 56 %) T B AR & (1) 5 LA T T35 . IVW J57%) Cochran’s Q = 61.44, p =
0.320; MR-Egger [ Cochran’sQ =61.44, p=0.288, Fifh/j7iEH p {41>0.05, £ T A &R
ERZE P . B, AW T RIS IVW BRI 45 5L nT 5211

T MR-Egger #EATIG VPG T T AR/ 2300, MU0 R AR R I 2 1) 2 AU UE S (R =
—5.25x 1078, p=0.999), 1X B AR 7t Bk 1) T A% 5 3 L5055 Me 7 R PR A FH R A P T it 28 XU
AR A B, ITHE— 20 3R T BRI 45 SR 0 T Sk

NV S R IR, FRATEAT T k7 BBt E . Wil 4 Fos, TERIGIRR 58 AN T RAR &
AR —AN G, FoARAL B AR R DR S AR T 5 A5 A AR B A BRI S RS (IVW) e B — 8, B
A BGEX AT IR — M. X R ARRE T EE SR A AT A T AR E R, 455
g Hnr4E, #E—BIF T RGO R IRt .

4. 7ig

B IR BEALAE — PR B AL AR B A A B SO R 3 T AR B 57, Refs A Rusk > TR A R & F
SRR G R B FE o ASAIT U3 T AR 2 QIR 7L (GWAS) B4l e, R I RE A AR B TT i, 4R
W RS 5 i 2 R A RS B R R R o AT S RN, A R it 28 ) R A B — g R
TER . IVW FUIAL P A BOEIUESE [ IX— 4510, RENFEINEAE R ENKT FAAEZE R, HRRT
Jrla—8, HERAA—Emiafdt.

CH Z O FAR DT T ACEL 2254 5 il 98 B AR 2 TR B 06 2 o —SERFFFEIAR, 1] ACEI ZR241)
BN I R AE AR BRI, B —E R EF[6]-[10], SR, FHT-8= %18 BEALN IR, LW
SNV FU ] BRAFAE I 3T ARG, BRREAS B AS A5 5N, I PR 78 I R 3 i I ACEL SR 2 RE i 35 P 1K
Jiti 9 R A2 IR [6] [ 7]

ACEI 25450 Il (Ve P AL AN s A e, EOAARERD, BR - %7K K R4 (Renin-An-
giotensin-System, RAS) 1] ACE B Ang Il A R. 24 Ang I 7K-F-FHiiNE, 2 s 28 R s S 5 o fell it
A A[11]-[13], T ACEL B # Ang 11 FAERL, 98 T IWZHZAK 0. Ak, BEFEIERKIN, ACEl A]
T H0 I SRR RN P AR B A, B NIX LS oK [3] [14]. ZEEIKAN P W@ Rt (et A Ak . PR
PERESCIL, St fild I FASTE P A R VR o P 40 R ik S 2 4 M (L S e A ) POt 1, (i3t b s 4
R RAEEF T, HA BT ARG 4738, AT 3 5 PR IRGE 1 SR 38 B AR Be J[15]-[17];: ek, P4
JRAEHARFNGNE PR E RG22 0 AT, JUHAERRIRIE (0 4 28 41 4 o B S e [15], Hamid 3 5 i )
SEIRUERYE, ATREA B T BRI 2 A8 B4 RN il 288 1 A XSS

PEiE— 0 2R FH 4 B TR 40 2 38 Mk A i e T AR B R 45 & DU i 3R e R e AT 5, ARt 00 36 5 ) 5
it 9 PAJSSE 2 [ A8 A% SQIRIEAT T B8 R M A I HIE . &5 R 2R, 75 GWAS b BIME T, d /R BN 2 HT
FITAR 20N 7 1) 5 B M 5 AR — 30, (BGH A BB A Frikss . X —2 b v GE L GL DR R
B, 171 FF T E AR B0 AR A SN AT EE, X2 A BT I 38 T B AR S8 R I B 0 T R,
H AR R B 210 2 80t B PR o [, DU 3 67 2 A oA R IR v 5 R 2 AR DR e AR e
it ¢ PR e 2 DR AR SRR, 4R 7R T Z B AN AE PR B — L S A S EL R IR R R R L] s R
FEANTR 58 MV ) 5 8 9 RIS 2 8] P REAFALE (078 2E DR IBG, T & 3 B X SCIEE B W] i o &2 R (R st 46 440
()4 AR ) 2 e o B L S BRI ST 278K, AR 0 45 SR v 35 1) 5 it 9% RIS 2 (1) ] e A7
FE 77 7] — B H U4 58 FE A BRI I8 AL Gk, AR DR RN LHITS A e idt— 2t 70 DA B

K FAFAE—E R 5k, BTl i T HAR EHE A AR (n = 58), AT RESEMafh TR
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BIILFAF LN ARG R 2GR SRR (5 2, DR EAS e B AR 2 R 1 2L A FH 245 15

DL il 9 R A RS B TR B R R o 5 BRI, ASHIE TR P PIAE A A AR BEALAL 20 AT, E S8 ) 4
N Fa RIER Bl 9 K e 2 TAAFAE —SE I BRIR R R 30 ACEN 25T REAE M 28 HOBIT i AR ORI 1
ARRBLTT & ERHARE . 2 RERIWETE, R Bt FA W 7 O I A B IR R 2 4E AR e, 000
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