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[R5 R R 2

ST AR H (2220709 1) AR T AR GH & 00-8 6 1R H (2022020801020358) % B

E /R B (Alzheimer’s disease, AD)EREW L mEMA T RZE L7, PEMEB T HLWTHESEN
KR, FRIERRBWINANRADK R KR BE R, HHEADE T4 FAE TEH, RAFTHAX KB T2 EARAEH
HRXZR. b, KX HFF R T #E 4R F 8 /KEE AL (Mendelian randomization, MR) 2 #7. S E MR & 48 t K jE

[ # A AD, T 5 K EMR# —
ADHR R e H &, 3

R, FFERT RER
BITE R

FiEBA T 18 14 [ 2 P B %% J7 (chronic obstructive pulmonary disease, COPD)2&
EEMREGHEERAARGLEL T HTWN BT N—HN R NAEKEL, H#— PRk
HTBATIERENESHEBHEAKRERNF. EFTXER
EETFIEIFECOPDEL £ G R EADINEE S %, JADIU T RET B ENTTIR

JEE FH W FMR# — FiL 52 T COPDHAD# T 5

KR FEREAN, FRZERRE, RE, SBERRERT, THEy

VER— R EIRAT A, Bl JR K i3 BR i (Alzhei-
mer’s disease, AD)IFIHF A2 FEUEEINAGE S T4,
W2 AT RIS, R EN O 328k
#atA, T E AR EAD, SRR R K
T iR Pk,

ADRIFHLEIATE I, 177 28 5 K JEAE N AD K
R R Z R T T2 KE. MUADS ML SR 2 (8]
KACH IZHEFE, 1 H R 2 SO RFAD AT g
ALYR T4 28 JORE LA 2 b JRER). o, 8 JH % (per-
iodontal disease, PD)H 3 B8 B S 433 85 (4 AT i
Tob ot A5G 7 Bt N5 A, 4k 155 & ADY. FIRE, DLH

Ji7 T8 18 P 98 R A RFAIE 1 58 B B (Crohn’s - disease,
CD)P), 5 IR 43 18 12k BFL ZE 4 it 2299 (chronic ob-
structive pulmonary disease, COPD)!*/ A & 3% [F & & (1)
18 2. BT 2% 75 (hepatitis B virus, HBV)! &G54
INATRE2 FEAD KA. HA2, 1&500 8t 7T
D T A ELREAS NG AR MRS R JORE 5 ADFE AR (1 [
RKR, E@%ZN%%%&E H 238,

AR T MM 9T, a8 /R 14K (Mendelian ran-
domization, MR)Z T 7EIT —4Fk M) 12 H T-ADAH K
WAL, JEIEMR ST, PDIF I A% 5 A gl o 5 K 2
A 2 J5 X 38 ) 2R T AR RN JEL FE S NG 0%, IX R BPDXS K
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RARE S SE )

R IR BRI 2 B ) B O K o 55 ) 7R R IR R0 BRI TR R R 31

10 3z o 5 A A VA A S T — T 4 3 DR 4
EHIF 71 (genome-wide association study, GWAS) ¥4
FIMRZ AT 7, 7 2 B A et R T i e 2 38 N AD
0 XU, EL A P R S 2 I 3 186 ik o R O
¥ 2 FIMR 2 #1553 52 7 (colocalization) W 7T S 85 H -
A H.AE (protein-protein interaction, PPI)ff 7% %4 3
— I B MR 73 B AN RE B DT v b )l 92 5 A
FORER, SN R T 07 126 55 005 A8 (1) OB Bl 1 X P
A TIMRITFETTVEUE Y] T AR LR 8 2 AD 5 e
RIR M) OCHRER 1, ADKJE ] Beid it #2058 R 40k
1 DY N FE R RE 1) XU,

AR HM G EE KINRET RS BED
(975358 B ShEEBGAEN ", AHITF 7838 i 3 A BUMR I My
Z2 B B 28 9 RE A1 B L ARE K Fe 5 AD K I 1A
RKRR, LA 5ADRH R K R w2 ) R0E, 46Mm45
% 90E M ADFE AR (1) G B 2 1 DA S 5 sk B % )
KL & @ AR RER 7. A TAE K AADL YT it

1 MRS
L1 SRRt

NPT, AT S S T LA B 5
A J HOE (4R AR P S T RUAIMRAT, LRI
HRR S ADRRHIR R R, WA AR, e
TR SR BAR SAD KRR A I ERE R, (B
RIS 2R B ORTRHL A R IR0, Hesh, BTidE 2t

PERE S FLNT I (4 18 1 98 R P 994 8 67 0 A T AL | e A
AL, A e I ) A 9 35 1k 22 S, AT sk A EL G B R
Tt B G B[R] e R 98 5 KN TR) SRR G ke 60 T AD K s

VECI. APPSR SRR RS S % (acute periodon-
titis, AP). R i 9% 95 73 (hepatitis A virus, HAV)/E& .
4 B PE il % (bacterial pneumonia, BP)F14H 14 i 4
(bacterial enteritis, BE). 4 AH N )8 P4 48 fiE A0 16 8 4
¥ Jd % (chronic periodontitis, CP). HBV/&4:. COPD
FICD. B )5, 27 MR (multivariate MR, MVMR)43#7
B2 F T HEBR S SNP, AT AR I MR 2347 o B T
3 A ARL P FIRH OGP 7= AR VR VE RLRL. XU MR A K¢
MVMR 43 #71 3% FI A COPDZ AD 4 52 fE G K &, 4k
T 3d I 3 58 A7 S PPIAY B 07 a6 H 1 P 85 AR 1) O B £
H. fJa, 5P B % ) I B R A I AR b &
Vv AW MRS HT A, X SR AR S 2 R
iE R F 2 B A G B B, B F54UIR 28 HIE(apolipo-
protein E, APOE). F#{%-y(interferon-gamma, IFN-
v)~ B4 & -1a(interleukin-1alpha, IL-10). F 40
412 -6(interleukin-6, IL-6)F1C J ¥ & [H(C reactive pro-
tein, CRP).

FIAMR M H FH BRAZ H IR 2 A5 1 (single  nucle-
otide polymorphisms, SNP){F 4T E.2% & (instrumental
variables, 1Vs). v 7 B {RA BRI HERT, FrikiiIvs
WA 3 MR (1) IVSISZ TR ZRBEIR, (2) Ivss
FFRIRMIE, (3) IVsBUB B iR m s R fraMR
Sy AT R AF4.3. 1A [ “TwoSampleMR”,
“MVMR”F1“Mendelian randomization” =FiR A SZH.
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0 ®
q' ro'ec%wos @ GWAS Catalog S FINNGEN
" ¢ Q ¢ MVMRZMF
W[ MR 47
i 5
ERMRAHT (BIRRAE: B) < e s AD
RE | _ " AD
h HEMRAMT
) 4
AHMRO T $t E AL E PPIS ’
X AL ;‘
AT
COPD o °© ° °

B 1

BERMR TR LR AE 5 ADIA] KR R R 1 AR R B

Figure 1 Workflow of integrated MR analyses investigating the causal relationship between inflammation and AD
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1.2 HdRiE

PRt FLAD RAEFN A BAH G GWASHE T
#TFinnGen Biobank%{ /5 7 (https://www.finngen.fi/en).
GWAS Catalog%i#} %€ (https://www.ebi.ac.uk/gwas/) L IEU
OpenGWAST H ¥ £ (https://gwas.mrcieu.ac.uk/) '8,
Fris B An1 5 T M 2g hiebt % 1. T [RIADGWASEL
i 3E 47 3 5@ AL 43 A 10 I 35 H s oK H eqtl Gen % s
(https://www.eqtlgen.org/phasel.html).

1.3 IVsik$

TESRFEA RIS, 3Fh 77724 SR /2 1. 1795 T
B =AMB. 1%, AFRE T 5 R8RS VAW
SNP(P<1x107%). HIR, 5 REAERCH AT 5% 2 (3%
BT (linkage disequilibrium, LD), {{Ji37ZSNP
(kb=10000, r°<0.001)#FITENIVs. HJE, FEUT&EH
FSRATASTVS I Gt R B (F=p/se?), FEARHEAH O SCHik3R
L P10 R B0 e SURTVS 5 2 5 F &K 1045 58 A0
KA.

L4 JUAIMRASHT EMVMRS} i

AT AIMR S B XMVMR 7 M H 1 3 Ff
FIRMR I M TV FL [FRPEAL 1 ik 48 0iE 5 ADIE] Y
RKR. X3 MTEBIEY T Z NG E (inverse  var-
iance weighted, IVW). INFL A7 £ (weighted med-
ian) X MR-Eggerik. [FIRS, %4085 fd FHMR 2 201
Bk 2 F1 7 5 {E (MR pleiotropy RESidual sum and outlier,
MR-PRESSO)K iR Al 7K 2 80 57 3 {4 IE v] Re A7
TERIR L, FHA8F AR (odds ratios, OR)&95%E 15
[X [8](confidence interval, CI)Ri¥Ad 5B & AE HIFEXS
RS, Hodr, ORME KT 1 1) 25 e PR 25 (i K e Bl AR
HRBEL) ARG RERKRREAREE
BORIfER R R, BRERERS SR AKLE. ORMHE
ANT LR () 2 B R = R 2 S R I IR R 3R, R R
DRl 3% 2t 5 S i AL 01120,

YISO IAE N B FR I, ANFSRAL RORE 2
(BRI REAAAEA EAE . Ak, MVMRIHT#EH T 2Bk
HEMISNP, LUHBRLL IR MVMRA T LA
&1L RAE AR5, ADJYE ).

L5 @A R PP AT
%A B el IS H “coloc” RELEHAT 3L e 7 43 #r, VP

i 7 5AMEs: HO, SNP SRR ICHL; H1, SNP
SRR H2, SNPISHAbMERAASS, H3,
SNP5PAPEIRANSS, B ANFKIIRAL S, H4, SNP
SR PRANHR AR [F) (DR SR AR S A 0. HAR I 5 3
MEZ (posterior probability of hypothesis 4, PPH4) kT
BUEET0.90 1) B I 9 ik D9 AR i 5 ADIA) R A2 1) QB 2
221 AT SR 3L 52 50 BT 45 72 G 5 Nrs2927608
[FISNPHfiSE 1 BRI, N W 2 L K8 1 (endoplasmic
reticulum aminopeptidase 1, ERAP1), 4k 1iHidSTRING
B4 E (https://cn.string-db.org) 2 2 HUPPIM 2%, DAJiii%
L ERAP 525 AH K (1l R AT s il 2 1.

1.6  PizEMR; A

P MR 73 A1 4 R Al BT ade A= b A Ty vh
AR EEAE P SO 5 ADIE] R RN, 58— T SRR
SE RIEPI RS rh A AL B (R R SR AN AE(By), 5 — 282 it
AR B XT AD Y BEER BONAE (B,). BEAR, BUAIMR 7Y
A R R 7] 73 A 2 T IVWIE SR 1 SRS (Bo). MR
FISESCHIRPY, A BRI=B,%Ba, AT BN i LE=100%x
(Br>B2) Bo-

2 R

2.1 B SRR K R 1] AD 2 9 4 AL ) 54K

23t ik, AR TR T R SNPIE N R FRIVS.
BIVSHIFGE it BB KT 10, PR AFAEIIIVS
P £

BAMR 7> M 25 R B, AHIET 2k 980, 1814 %8
IiE IR AR AE 57 [ R AR N AD AT RE. aE2A K 1
28 R B BT LRI, A 1t 98 JE 0 2 1 AR AD ) ey XU [
Z(CPXTAD, OR=1.067, 95% CI: 1.016~1.119, P=0.013;
HBVXfAD, OR=1.036, 95% CI: 1.015~1.057, P=0.001;
COPDXfAD, OR=1.175, 95% CI: 1.134~1.216,
P=1.015x10""*; CDXfAD, OR=1.041, 95% CI:
1.016~1.065, P=0.002.). FHE T, 22858+ FIAPHI
BEKR B 5 AD RN E B A KX (APXTAD,
OR=1.031, 95% CI: 1.031~1.006, P=0.017; BEX{AD,
OR=1.030, 95% CI: 1.005~1.055, P=0.017.), MHAV A
BP Kk ELSADE A B F KR KX RHAVIAD,
OR=1.009, 95% CI: 0.991~1.058, P=0.328; BPX}AD,
OR=1.120, 95% CI: 0.999~1.240, P=0.067)( A £& ki Ff} Pl
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Figure 2 Heat map of bidirectional MR analysis depicting the causal relationship between selected inflammatory factors and AD. A, Inflammations
as exposures and AD as the outcome. B, AD as the exposure and inflammations as outcomes. *, P<0.05; **, P<0.01; ***, P<0.001

2). fE4RMENERAE Y, COPDK &2 B ADR I %
IfER R R, IX— 250 A5 2 1 HAh AT MR 7y A 45
f) 37 7 (weighted median, OR=1.140, 95% CI:
1.081~1.199, P=1.248x107°; MR Egger, OR=1.168,
95% CIL: 1.066~1.270, P=0.004) (&R, 52
AR, 30 TAIMR 34T T 2% B AD ) 955 A8 K AT B i) 48
SEMHEE. MULADNREE, AR NG MR, Fifss:
T4 RPE IR T0.05, X RFWZ TR EMEL R
(2B K I 2 hie B 1412).

2.2 COPDREADH B HE

MVMR M FH T 2 4 8 2 I SNPERY, it —
HUOAF AR I 40 R JE 1A AD R (R BA ) A I3
7N, MVMREZE R ORI KT 1, S5XAMR ST
[ 1E MR 2 AT 485 AR 7 — 3 (B4 LACOPD NAD
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fal KRN, IVWIESHT & R P<0.05, BE&51T
WEM. XRWEFTIERAEF, COPDRJEZADKIHI
K E fERG TR .

2.3 LA R PP A TS B A H

5T COPDRJE/EADKR I I & fERN R, AHF
FAT ADFIGWAS U 5 K H eqtl GenZi H5 F4 1 il 5 54
IR T e . WE4AFTR, 905 Nrs2927608(1)
SNP 2 fT i X 38 (1 Mb) P ¥ 3L [7) 0 A2 S5 A7 45
(PPH4=1), HxJ M ()8 H AERAPL. BERI &I HIPPIS;
HrPAERAPI gL, RIS T I KK I TFN-y 5
ERAP 12 Y] IR () 45 hig Ff 113).

2.4 T ORHE H PP MR
LA S8 8 1 o8 A AR K P AP MR AT it —



hER: AdBlE 20256 H 555 H4 W
RE STTE SNPs OR(95% CI) P
cP IVW 11 . —e— 1.138(1.102~1.173) 0.101
Weighted median 11 : —&— 1.145(1.101~ 1.188) 0.107
MR Egger 11 ! —e— 1.127(1.088~ 1.167) 0.324
HBV VW 26 : o 1.115(1.099 ~ 1.131) 0.283
Weighted median 26 : -~ 1.121(1.101~ 1.140) 0.153
MR Egger 26 : <~ 1.115(1.099 ~ 1.131) 0.302
COPD IVW 9 ! *  1.139(1.125~ 1.153) 0.047
Weighted median 9 ' - 1.116(1.097 ~ 1.136) 0.015
MR Egger 9 : %  1.139(1.125~ 1.153) 0.069
cb VW 14 ,  —e—  1.108(1.073~1.144) 0.856
Weighted median 14 ., —e— 1.129(1.082~1.176) 0.378
MR Egger 14 \ —e—  1.106(1.071~1.142) 0.946
08 1 12
RIPEE ERA%

Bl 3 U0 uEte i 26 5 ADIRIR SR 5% A -IMVMR 70 B AR bk B

Figure 3 Forest plot of MVMR analysis illustrating the causal relationship between chronic inflammation and AD
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Figure 4 Colocalization analysis of SNPs at the ERAP1 variant locus. Each point in the figure represents a single SNP, with the association
represented by the —logo(P) value. The purple diamond (rs2927608) denotes the lead variant of ERAP1, as identified through LD (+?) in GWAS data
for AD. A, Comparative plot illustrating the associations of the lead variant with both GWAS and eQTL data. B, Plot showing the association of the
lead variant with GWAS data. C, Plot showing the association of the lead variant with eQTL data

AIGIE T COPDR FE 2 ADRIR MR A R . AWFAR
IRPRIFN-y A1 HAth 43 Jg AH 4 4E K- (APOE, 1L-1a,
IL-6FICRP)/E N A HEAT 2P MR, BB MRIF 2 — 25

AT s R oR, COPDXYFrid CHt &R I 2R & IE
SR, A TFIVWIETHE T ORME N1.059~1.340, P
717751075 ~1.138x 107" (R & i B F=14). 55 25 Fr
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WReT 25 B R s R BEHLAR S M 3 W O e o 5 BT R SRR R0 BT TR SRR

R 5E—DuE BORRE— 3, Ik E A S5ADK
I R E A B R R Rk, BT IVWIkITHR T
ORME N1.076~1.333, PIE 91.178x10°~9x107 (F£% /i)
Bt P5).

2.5 P oesdE H A RO 4 A

FATIE I T B A A KRR R T BT DG B A E A
FCOPDK & M AD K i A8 i FE rh oTmk i Lo il AAfF
FERIFIEHIAAIMR AT 25 T S 3R AEB=0.139.
MR 2T 3 51453 3 T COPDX % 25 1 1 28 8
£1=0.057~0.293, DL J B i& & [ 4 AD 208 5
£,=0.092~0.287. LAILTH5 H 1 S A AR A H A 308 B
BIA12.6%~23.9%(FE1).

2.6 B BT

PRIE B G RIMR 43 A1 45 5L IR, AW T 5E i 1
ARG BURIE T, BFER AR Of B (Cochran’s O
test). MR-EggerfiFE {636 . MR-PRESSO4: Ja 6 56 A¢
FgiitEit5. Hr, Cochran’s QR (K PIEI KT
0.05, RMHAMRIHTI LRI 52K, MR-
EggerfllfF AT 0 7, MR HTIEARNAEAE KT 2 300
(M hie bt I, 2, 4405). FrfAMR-PRESSO%: fafar 4632
R IAT A B35 0 S 4H, IVSIIFSuit &3k T 10.

3 itig

RIER BN N TTREEAD R EH R, %
JE I S, A TCIE R T BRI SOE LLAL 14
ol WL 2R JERE L2 ARG L P8 Ik SO, X 4 JAE
N5 AD R I AE R, (R ROG R F R
AN . AT T H BT R T A MR T, IV E
W] T COPD A J& 52 AD AR s SE el R &R, IR X/

F 1 SHHATECOPD S ADPE 538 1% HH (1 A 4508 B 4

FEATEA R 8 R A AT 1R AIAE, T NiE
JT JAE KR M AD AR B2 i 1 ¥ AE I AR S W KR T

BLIFRIMR 73 #7285 R (B12) E 5 R 118 1 RAE A 2
ADREMERKFZR, matRERESADKRES
B30, LAADAE N4 R IE MR 7 #1485 1 o,
AR PE SOE W N B 5, ORMEIEFIN1.036~1.175.
M 244Rh 2k RIEME N BB, ORME TSN T 1(M
AP, FRATE SRR IS PE SORE K M AD %
(B A A RO I A SRR SOETE R
B RE NG, SRR A SORE R -, NI R
RAE, TG ITCHAEMRN BRSSP E AL, IR
A SHEITADKIRIE N I Z R8RS, DL s
0 25 R IR AR AR 2 JORE 2R 18 M JORE K R X AD K
ECR] T AR PEBE 2ERE B ARAE, 8 A4 P K 4
JERYL ] fe il I 15 3 BUE A 1 (amyloid B, AB)EE A %R
Fitauss ABEIRIL, FRERBUE NN ERENAE, IR ABFN
tau I FEAL AR, M5 & ADPOY7, X ] 2 AD &
BLH ) — . AR, JEE 1) % 22 P8 % S I 1tk s AT
FAEFTifeaPp AR 2E JONE SR8 M 2 0E H 3R B 5 AD K
B 2R B oA 3 B Tk — DA AR

[AIMR 23 7 % J5 MV MR 23 b7 )3 — 4 % 1 4
Fhvig M 2 5 HF ICOPD A R ADHINS & B IR . #E1E
MR H7H, COPDS5ADX A fH R 5% R e N B3
(COPDX}AD, OR=1.175, 95% CI: 1.134~1.216,
P=1.015x10""*). BEJ5, MVMR#E M T HE ES M
SNPs!?!, 4k 5L F-45 1E 2 B (XU MR 2 A, HEm %
] A5 COPDX B PAE/NT0.05(1&13). PRI, BTk %%
it HCOPD ) Ji& e B A g AD R B PT RE. I PR
FEFIMR I T ¥ % B, COPDH fEREADH#H FHAK &
NAT T RE BG4 A AE O BT fE I R R R0 Y
COPDfE# T, ADELJEN, OR/EIEHEMIRIE N

Table 1 Mediating proportion of five mediators in the causal pathway from COPD on AD

Pr(95% CI) HA R & E(95% CT)

A So(95% CI) B1(95% CI)
APOE 0.139(0.123~0.137) 0.293(0.190~0.395)
IFN-y 0.139(0.123~0.137) 0.172(0.108~0.235)

IL-la 0.139(0.123~0.137) 0.186(0.127~0.245)
IL-6 0.139(0.123~0.137) 0.205(0.149~0.260)
CRP 0.139(0.123~0.137) 0.057(0.046~0.068)

0.106(0.058~0.154)
0.102(0.026~0.179)
0.103(0.020~0.186)
0.092(0.020~0.163)
0.287(0.159~0.416)

23.9%(20.8%~27.0%)
13.5%(12.2%~14.8%)
14.7%(13.4%~16.0%)
14.5%(13.2%~15.8%)
12.6%(12.0%~13.3%)
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1.01~1.05% Ll E i3 ORME VU Fil i T-HRE 1, #—25
UESE T COPDK R 5 AD KR 8]+ 43 I 35 1) B ) 5 AR
RE. X TEKE, ADRIBESERITE T COPD BP0,
e, NIEREIT B S:COPD A JE [ AD A& I #4545 1)
eS; LS

T R FBICOPD K J& [ AD & s 5 48 24 rh ) 5 gt
EAH, ARIFRE T I, 4558 E/RERAPLZ
COPDAFIAD B ¥ KB 2 1 (&l4). ERAPUER T
JEZAME=REMAK, 4k ] feszm i 2B 1T PR
PR RP. JEF3AT M TR IR 2R, ERAPLA
BB AN FCOPD K JE M AD R 1) S BB (.
{B5&, ERAPJE TUIMRAE AP, TikA/E ik AR AT K
WA bREY. AW FREED DAERAPL A AH O, it
PPL4 BT 9 16 tH 1 AT A I PR AR 0 s &) I TFN-y ()
BRI, T BE4ACOPD R ADREAR SR AL BE 2 ()
TERAERR S S G IT 58 55, AHE FEARSEIFN-y 1 85 1 3
Re S AR TR 1, I iE T HAhaRh B B A TR A TUMR
3BTRS MR AT, — 7 T, TFN-y 2 I AR A I
LR JORE A 705 55— T, TFN-y Rl UVE T A Ak
(Fe)Fads Pl ookt £ (1 S kR B3, #i(Cu). Fe
FEF(Zn) SRR 5 ADRIR B AT 73, AHN. 48
FEIFFRADR JE HI SR8 Kbk, AHF R b ik 7
HAhaBh RS 5 & 8 RS T FLIG PR mT A 19 98 0 K]
¥, HIAPOE, IL-1a, IL-6fICRP. H:th, APOE R ¥ {4 i
T2 B R IR R 5 Zn M Cutl BEAE R, AIRFTCufE K
o AR R B Tl -1 —FhCush &R H, Cufiinl
B3 B R RN -6 AR Al A R
Zo AR T A b Cudk FE B 52 i CRP ) R A 1
%[43]'

BT BTk KB B O TR A AR B PP MR A3 gk
—BIGE T COPDYR B 8 RADII R A, COPDXY flTitk
ERER 1 IR R M OCHK, 4R S R I XS ADI 2
WEIER KR, X—4RE5Z A AMR ZMVMR
OIHTEE FAREE— B T XUAIMR A HTHE A 1 S N B,
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Unveiling the causal link between inflammation and Alzheimer’s
disease via integrated Mendelian randomization analysis
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With the increasing incidence and mortality rates in China, Alzheimer’s disease (AD) poses a significant challenge to sustainable
societal development. Inflammatory progression has been recognized as a pivotal factor in AD pathogenesis; however, the molecular
mechanisms driving the transition to AD remain unveiled, leaving the causal relationship between inflammation and AD inadequately
elucidated. To address this, this manuscript conducted an integrated Mendelian randomization (MR) analysis. Bidirectional MR
analysis revealed that chronic inflammation can unilaterally progress to AD, while multivariable MR further identified chronic
obstructive pulmonary disease (COPD) as a specific risk factor for AD. Colocalization and protein-protein interaction studies
pinpointed endoplasmic reticulum aminopeptidase 1 as a critical mediator between COPD and AD, leading to the identification of five
metal-associated inflammatory factors suitable for clinical detection. Two-step MR analysis based on these inflammatory factors
corroborated the high risk of COPD transitioning to AD and highlighted their potential as key markers for evaluating AD
susceptibility in COPD patients. These findings offer potential biomarkers and therapeutic targets for the diagnosis and treatment of
AD.
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