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HWE BB WOlERN—M WS 2015, 547705 (Parkinson’s disease, PD) i) & k% RAFAED I . i 5 PD
ARSI PRt OCHRIE I, AR SO TR AR . JEDIL . FE St msh P sc s s . Fik A T E Y 244 2 F 36
NHANES 45 219 177 2 PD S RO (B35 &ZHTT5 ) ;. WA MRC IEU OpenGWAS £0415 7 3 A~ 11 74~ PD [ 42 3 [
I KREEIFFY (genome-wide association study, GWAS) #(dEiE AT H 8 /KEHLIL (Mendelian randomization, MR) 43#T; YdE
GEO Ui 3 2 PD £ i BB Bl 2088 (GSE: 7621/20141/49036) 43H7 RIT2 (Ras like without CAAX 2) JEPH 55 5515
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W5 PD AR AT RE . BlJS, 3K =74~ PD GWAS B Y 21 AL MR 347, 7 2 i N 25 DR X 45 Jsy PD 1 21 IR E )
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BT 316 M 3EE, I MR AT (PD—KIE) P8I T 37/ SNP AL, BT 53 EE, U4 RIT2 B [FIET H BAE L5 MR
Bt (BRB—PD: 1528597806, rs8083110; PD—IKIH : rs4588066) . i 3 £ 1 37 Ay A ARG BB B 46 s At 2 B, RIT2
FFFEPD B F Py F % (GSE20141 array signal: 3.49+1.23 vs. 2.33+0.87, P=0.044), Zh¥yszser, A[EZHZ qPCR 45
RRH, RIT2 LR R R K 20% LK 20% M (29 8% LBE) BInl il N BOREG o RIT2 B _Fi>2 4%, i
BRI I, PIARTIZH 24 SR 3R KN B 510 96 F 4, JIESARAE A4 AT 76 SE 0 RIT2 KN EIRRY RN, BRARNT AR e
MEEH AR, JEEZEMPD, HURER (Priondis) M ZaBITHEROR S Sl . &8 A5 NIKIE S PD A9 FuAH e
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1990~2021 4F-[i1] ,  H1 [El PD A4 47 & b o £k 25 R 384
KT 89.7%, FEREPREL BRI T 167.8%
Ut SIS AN E SOl N IRSE A TS Y A R P
HAT, &M E A5 PD XS AH 1A FRid,
FFTEA R AHERI BAS b A7 T 350k 5 Wi AEE A
R, WA R BRI A T IR, B TR
B BI6YT PD AR BT I3 32 B2 & 8

AE Ry —Fss DL AR 36 7 2, A 2 BRVE
W, JCHUETE S P T i, RIS
— R E AT 2. Millwood 45 ) i, it i
PG ST O . R M A PRIIE TR U
K. Aad, HEESRH R BR B REKE (LE
100 g/J&]) sl MRS ARER AR o 24w, X
FUWMRERZ —, ET ARG REE LT
R MRS . BN, AR, BREPER
SRR AT I R R AU 1 O BEIB AU 1B
JZ 5RO IR, #HIE S PD &R
B ARG Y AN, PKIBAE PD AR R AR
FFEAE L, T2 — L . Ak,
KT 5 PD XS 1Y Z2 0 FTREYE A B AZI 58
RS, d5eTRas TN . Bk, G
KIREEZ R RE 7 14 20264F, Hemeda % 5 il
S ZEH ST (meta-analysis) HE—25 I T K 5
PD JRUBS: () AH S, AN ik — 25 AV 7 o 7 /K Bl
HL4k (Mendelian randomization, MR) Z3#HriEdE
XRF, IR 5Pl . A5 E
A JH A PD A AR IS 0L, BT — & Z Rl AH
Ktk BEJE, WAL CBASY (genome-
wide association study, GWAS) %i#E#E417 MR K53
KERIT, IR BERAEN SR A RN 5 PD
A 5 fe, dd Tt PD AR IS B0 /0N BROK M Ay e 3%
Y B B IE DG B L R ) SRR 0 . S IR X A
Tk, VIKIERFIR S PD AR KR . &
5K A PD () BRSO UESE . DA 3@ i ol
A AT U 2 0 PD R 2 1k, TR
VIgZt i

1 #M#ERE

1.1 HEFRFEENREBERAZE
IR PD B AR R, ARSCIEF LT
SHOTE T B/ IMEAR T . BBRRAE KT R 50%
(P=0.5), RVFIRZENE10% (E=0.1), EI5IX[EN
95% (Z=1.96). &5, Frigm/ MEATE N 974,
NN n=Zp (1-p) /E=1.96x0.5x (1-0.5) /

(0.1x0.1)=96.04.

ASC R BRPE L T 2022 4F 1 H 22024 4E 8 A K
T R 15 B¢ 100 91 PD SR E RO B BT, DA R
2023 45 H % 2024 4 8 H 4R M B B K24 B & B2 e
144 15 PD B # WAL BEss I, NS48 AN 0 27848
CPERI . AR . W TR0 AREARE s (R I
WEIRIE . SO . BAESE) o AHIFSY 2 RS KT
BB C P B2 2 (HLES . 2024-052) AN
ER R R ERe A AL NS (HiES.
XYFY2G23-KL266-01) f#LifE, Frf &7 i
B RFEIEE ) AIRN] . RN BB 2= B i = B
B £ 25 D1 23 A 23R IBGX 28 PD f8 35 1Y M1 [
(B2 B2 I AR BUR] 5 AN AT e sl 1)
SEBR) o

VERXTRE, TR T AR M b DN T A8 53]
FEAG RN B AE NPT R MR 2020 4R 55 L ik & F A
Pl , R B B ARy 51.53% (R
41t JRr, https://stats. tj. gov. en/tjsj_52032/tjgb/
202105/t20210521 5457266.html) , M T 5 1 5
50.41% (TRMNTEE-ER A A O E A, https:/
tjgb.hongheiku.com/11727.html) , KT T A f HE
Z2 5143 2015 4R 1) — I el o, 3 AR PR
KoK 5491% (R DAEfEEZ R 4, https:/
wsik. tj. gov. cn/XWZX6600/MTBD3030/202008/
t20200828_3581944.html) . 7 A FiE1d 900 71 14
T, 2945 513 5 BAE AR, 8 Al 52 i A
NI EE 5] 29 4 56.89%  (https://baijiahao. baidu.
com/s? 1d=1772221666501006448&wir=spider&for=
pc)o

[ [ K DA S TR A A (NATIONAL
Health and Nutrition Examination  Survey,
NHANES) 2 —A~c 5% 28 B R LR A |
I 7 R I R R £ U IR 1 T R M % (https://
www. cdc. gov/nchs/nhanes/about/index. html) . 4% 3C
(943 BT 4 T 2007 4F 2 2020 4F 7] #4549 J& 391 8080
2007~2008 4F . 2009~2010 4F . 2013~2014 4F |
2017~2018 4E L) % 2017~2020 4%, #3155 675 &1
Ko FETFALIT AR IE S (FE: NHANES/KIH 2
A PD &S, FIREAATER PD S )E 8l n g
), ZHF T EE M PD R E IR L
1.2 WEHEREVL (MR)

MREF S RERR (NMEEXREEER) M
RBIBAEAS 5, PP 25 JR) i PR AR AR
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KR OC R B MR 2 HTHESR . ARBHFTER H AL T R 2
A (single nucleotide polymorphism, SNP) 1f°H
T. B8 & (instrumental variable, IV) RIRITIX—
PRI OCHK o AR R AT 2500 PR AT, MR A8 T 3
A AR . AR R EOR TV 5 2 5 s XS

FORAE; ML PRI BEESR IV A SR ARG,
M 2 B S 45 R G AR e A s HEABE PR A 1B
BENIRLRE 1A S A RE A 2R 5 N B 4G )R, T
A AW A AR

% > Confounders
Instrumental variables > Exposure > Outcome
SNPs & Alcohol consumption g-\ Parkinson’s disease
/S-/g-/ 3 GWAS datasets < 7 GWAS datasets
i A
%

V Relevance

8 Independence

SNP selection
+ P-value <5 x 1077
+ LD clumping
° 1% <0.001
> Window size = 10 000 kb
« F-statistic > 10
» Harmonization

MR analysis Sensitivity analysis
- IVW « Cochran’s Q test
* MR egger intercept test
* MR-PRESSO

« Leave-one-out

Fig. 1 Overview of MR design of alcohol consumption and Parkinson’s disease

PR MR Z v PR HEWT A Rk, AR SCR
T A& TR . B, I GWAS L&
Gt , LRSI P<5x107 bniE, ik
& BB FERACI LA T . Hk, ##H17 Ti#
B 4 (B3 =10 000 kb; 7<0.001), LIS
Ik e FE A DG Y SNP, B O T 2 AR 5 TV 2Z [W] ik 37
M. ®JE, R TEANTHEDEN FSEITE, YOT
fl 5 ZR iR R A CHRR B, TR AT .
N-K-1 R?

K C1-r

NRFEHAR, KRRTHEEMNEGE, RPE
7N T HAS S T REAR RN 2R 88 I R A8 S Lo il . DL F &
THE>10 VR A i s T HAR & EE ", MR 3T
K H 3% 7 22 Jin AL (inverse variance-weighted,
IVW) BORIHEAT, IZBRA I T RE R A Wald LU (A,
FELVREA LU B 7 22 BIEE I BCGE SEA T IR, AT
AT I SRS T HE . P MR Z5 5, iF
AT T HUBPE RS BT PE 0. >R H Cochran’s O i 5
TEAG A THASR IV Z m ok, #45RnE (P
<0.05), WIE/RAEAETS 72 S5 508 R MR BRI
i1 MR Egger intercept K 3015 51 5 m] 2801, 45
HEEANE (P<0.05), RIS HE 1 I

F =

fFo BN MR 2205k 22 fLS (K5 (MR-
PRESSO) A I -4 1F 5 7K - Z2 80 AH 19 S8
SNP, P<0.05#ERfFEREZHE" . 5, XK
R — U5 Hr (leave-one-out), it % —5)
B B> SNP R PEAl HXT PR AL 25 R By 52w . i
A 43 M ¥ 48 H R v4.4.0 /Y TwoSampleMR v0.6.6 £1)
SERL s
1.3 GWASHE

M MRC IEU OpenGWAS %i#i& %2 (https://gwas.
mrcieu.ac.uk/) BT IE A PD 1) GWAS 4 . 3
AR EE . WA IHAE R (alcohol consumption;
ukb-b-1283), f5 112 117 4 R A~ 14 12 935 395
A~ SNP 25 AR & (alcohol drinks per week;
ukb-b-73), A F 335 394 #4 KK AMA 11 887 8654~
SNP 2 NG HE ABii % (alcohol intake frequency;
ukb-b-5779), £ 462 346 ZERINMA 9 851 8674
SNP. 7/~ PD %4 : 340 PD 5 175 788 {4 % It
12 454 181 /> SNP (ebi-a-GCST90018674) ' ;
1 713 ] PD 5 3 978 {7l X} i, 453 218 f~SNP (ieu-
a-812) 5 816 {4l PD 15 856 f5i] X &, 318 553 4~
SNP (ieu-a-818) *'; 2 162 il PD 5 216 630 15| X}
B8, 16 380 4661 SNP (finn-b-G6 PARKINSON) ;
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21626 PD 5 111 621 il Xf /&, 16 379 436 /> SNP
(finn-b-G6 PARKINSON EXMORE) ; 1 843 4| PD
5216 630 4] X} #& , 16 380 461 > SNP (finn-b-
PDSTRICT); L)% 33 674 {4 PD 5 449 056 {5 % i#
17 891 9361~ SNP (ieu-b-7) >,
14 FHRAHE

M\ GEO Hi4f 18 2 AT 483 41 PD 3 1 ki 24
YU S B . 16 1) PD 5 9 151 X6F 1 i BB Jo s it 4
(GSE7621) 2"'; 10 44 PD 5 8 {51 % & figi M Jii SNpc
M2 I 40 (GSE20141) 75 2044 PD 5 8 ] %
HeE g PR S S 2. (GSE49036) 27,
1.5 iRk

e 9 B CSTBL/6GTHEMER 12 . (1A . (26.7+
2.0) g). >KH drinking-in-the-dark yi = E 1740 #
ST/ PR LR B ] G 7 A 2 T 3
TSR, LY Hids/NEIRE, TR BTG S
2 3h, BERENIFEEYANR, A/ 2
A RO B T R R, L A R 4 he 43 3
A, 4 F/4: FHAKXTIRAL. 20% (viv) 4l
20% (viv) FPSRREAL . OB Ss dn 7 Rie s 1
MNRPRBHEFEEIFSARETEHAR
(gkg™(4h)y ™o KM PNZS . PRI S, 3 Sz RVIRUG 20
21, — o HEARRESAEY A E (dbat) i
Illunima Novaseq Xplus *F- 75 #£17 RNA I J#, 75—
T AT FEAR SRR RNA H2R FH SC B9 e R Al
HE X W (real-time quantitative polymerase chain
reaction, qPCR) Huill] HAREER 1435 KF- ABfF
5% ELRAS i 1T I B 0 B A 2% B S5 Ot v
1.6 qPCR

1t FH QuantStudio 1 Plus Real-Time PCR System
(Thermo Fisher Scientific, 3£[E) #47qPCR, Fil
R Z K H SYBR Green i, SLEGZEF R 277
A TARN R f T o T YGAE S SR T AR it 2
B, DABRIAY 38 = Wi ke v RSB AR Sy RIT2
(Ras like without CAAX 2) Hl S-actin {F N 2 %
o ZEHEG P

m-actin-F, CAGCCTTCCTTCTTGGGTATG

m-actin-R, GGCATAGAGGTCTTTACGGATG

m-rit2-F, TGTAGATACCTGACGGAACTGC

m-rit2-R, TATTTTCCAGGTCCGTCACACC
1.7 RNAURF#EHE S 7

RNA | J5 % 9% 53 #7 7€ Linux  (Ubuntu 24.04)
WEE sE il SR G I s 1 Sl FastQC #E47
JEEPEAY, it MultiQC i B il 45 9. B

J& F I Salmon v1.10.3 XV 6 A4 Xl J 54
TTh6 AR E R, K15 read count & TPM 55 £ ik (5
B FIRFERERI N GE i TTE R vA.5.2 IR 58
Ao 14 Salmon i tH 45 H T4k FE P /K ST count A
P AT TPM FER , I3 3 R AS AH DG 73 A 32 10
IR A ] AR AR SR IR, 22 RiB iR
HIDESeq2 v1.50.2 Bt 17, o ug Rk H A
(PB4 count=10 H 2/ DAATET 3 HEAH ), JFEET
I A RN 22 e ARA B . Y adjusted P<
0.1 H.[log,FoldChange|>0.58 FifiA 2553 B 3% . Bl
FIH clusterProfiler v4.18.4 JE47 I RE & &£ 04, f2
FHEFE R ARIKE (Gene Ontology) 15T # 3 K A1 %k
WAL (KEGG) @i, IF45a GSEATJT
b R SIS RSN R 27 N S €/ T Y A =
i B ggplot2 v4.0.2, pheatmap v1.0.1 Fil enrichplot
v1.30.4 PN S

2 & R

2.1 PDEEIRER

SR T PLE ST B DG R . — 4R AR
WA RE, 10065 PD B (KREER; F
36~84 % 5 BN 56%), J—4Hk AHRMERK
EMEEERE, 14461 PD BE (IRMER; Fil 43~
874 ; B 50%) . HRETE 2020 455 Lk 4
N5 dE (RGN T gt s &
), REEH AR TR E AN 2350290 1 400 )7
(S 51.53%) F1900 75 (H4E 5 50.41%) . #
TR AT R B 853000 R . R 54.91%, TR
56.89%. ML= T, PDAEERIKIER (H45 KK
HIJE PGB ) TS 2 Rk R 9% (P=3x
102°), 404 18.87% (P=3.4x107),

5 [ NHANES ¥4 = (2007~2020 4 ) 7
6 801 &4 HA PD S A i sk R (AR % -
41~80 % 5 F 17 49.04%) . o, PD & 177 41
(FF#% . 41~80 % 5 Bk & 42.94%) , TR R A
9.6%, MiHA6624 N (k. 41~80%'; HHEG
49.2%) AR 24.06% (P=8.2x10"°) ([&2).

PD fEE IR 38~ O T 585 PD &7
FEGAH SN
2.2 MRERSHi—IRKBERE{EPDRE

FIHE &R E GWAS B T T MR 08T, LA
PRITU 5 PD &R Z MRS FE R LR OCHK . 7/~ PD
WFFE B 5 3 AR BAFI 2Z [6] 32847 T 21 YR XL MR
BT TE2VIRVMRIEE N BEEN R, PDAE 4R
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China (Xuzhou city) PD patients Residents

o

China (Tianjin city) PD patients Residents

54.91%-

24.06%

)

US (NHANES) PD patients Residents

90.40%

-43.11%

~45.09%

75.94%

50.00%-, 49.59%-

PD patients N 50.00% Residents N50.41%

Alcohol drinking  Gender
M Yes
M No

[ Female
B Male

44.00%, rsa
AT Residents

PD patients \
A 51.53%
56.00%

—42.94%

50.80%~ Residents

PD patients

-49.20%
57.06%—

Fig. 2 Alcohol consumption rate in PD patients versus controls across China (Tianjin and Xuzhou) and US

(9 TE ] MR Z3HTH, H B 12 R PD XU (OR
<1) MOWAREREE (ORyw>1) BYLER . Hrp,
1A 2 25 A M, 249 AR FEAIK PD AU -
RS 8 AR (OR,=0.75, 95% H 15 X [f]

(confidence interval, CI): 0.60~0.93, P=0.010)

Outcome

PD || id:ebi-a-GCST90018674
PD || id:ebi-a-812

PD || id:ebi-a-818

PD || id:finn-b-G6_PARKINSON

Exposure

Alcohol intake frequency
Alcohol intake frequency
Alcohol intake frequency
Alcohol intake frequency
Alcohol intake frequency

Alcohol intake frequency PD, strict definition || id:finn-b-PDSTRICT

Alcohol intake frequency PD || id:ebi-b-7
Alcoholic drinks per week  PD || id:ebi-a-GCST90018674
Alcoholic drinks per week  PD || id:ebi-a-812

Alcoholic drinks per week  PD || id:ebi-a-818

Alcoholic drinks per week  PD || id:finn-b-G6_PARKINSON
Alcoholic drinks per week
Alcoholic drinks per week  PD, strict definition || id:finn-b-PDSTRICT
PD || id:ebi-b-7

PD || id:ebi-a-GCST90018674

PD || id:ebi-a-812

PD || id:ebi-a-818

PD || id:finn-b-G6_PARKINSON

Alcoholic drinks per week
Alcohol consumption
Alcohol consumption
Alcohol consumption
Alcohol consumption
Alcohol consumption
Alcohol consumption PD, strict definition || id:finn-b-PDSTRICT

Alcohol consumption PD || id:ebi-b-7

Fig. 3

T8 33 P X PD A I 1) MR 238, U 235
NPl 37 SNP, X L6 SNP B £ 316 PHRH . fm)

PD (more controls excluded) || id:finn-b-G6_PARKINSON_EXMORE

PD (more controls excluded) || id:finn-b-G6_PARKINSON_EXMORE

PD (more controls excluded) || id:finn-b-G6_PARKINSON_EXMORE

SR I FE R (ORww=0.20, 95% CI: 0.05~0.83,
P=0.026) . PRIALTHE I BN B AARDCHE, $RKk
WX PD B & A ] g B W 7R O B M AE
M (E3),

1)

Method No. of SNPs P OR (95% CI)

Inverse variance weighted 130 0.314  0.77 (0.46 to 1.31)
1.66 (0.95 to 2.91)
Inverse variance weighted 26 0243 1.06 (0.96 to 1.16)
Inverse variance weighted 147~ 0.292  0.86 (0.66 to 1.13)
Inverse variance weighted 147~ 0.377  0.87 (0.65 to 1.18)
Inverse variance weighted 147~ 0.407  0.88 (0.65 to 1.19)
Inverse variance weighted 149 0.010  0.75 (0.60 to 0.93)
Inverse variance weighted 60 0.297  1.60 (0.66 to 3.87)
Inverse variance weighted 25 0.464  0.51 (0.09 to 3.06)
1.02 (0.87 to 1.18)
1.00 (0.54 to 1.85)
Inverse variance weighted 73 0.588  1.20 (0.62 to 2.30)
Inverse variance weighted 73 0.954  0.98 (0.51 to 1.88)
1.24 (0.74 to 2.08)

Inverse variance weighted 67 0.074

R
|

1

Inverse variance weighted 13 0.838
Inverse variance weighted 73 0.998

i

Inverse variance weighted 72 0.409

Inverse variance weighted 6 0.606  0.29(0.00t0 32.78) —+——7——>
|

Inverse variance weighted 5 0.850 0.78(0.06to 10.44) ——+—F——>

Inverse variance weighted 3 0.961  1.00 (0.85to 1.19)

Inverse variance weighted 10 0.071  0.30(0.08 to 1.11)
Inverse variance weighted 10 0.107  0.32(0.08 to 1.28)
Inverse variance weighted 10 0.026  0.20 (0.05to 0.83) ++——
2.38(0.69 to 8.24)

1,

Inverse variance weighted 8 0.171

S S e e ——
0 05 1 15 2 25 3

Estimates from 21 forward MR analyses assessing the causal effect of alcohol consumption on PD risk

PD A4 4 43 B R 1) 37 4 SNP, % i 53 S HE [A]
(FS1), (HABFEEMRZ, RIT2 RN ZEME—1EIER
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(rs28597806 F11 rs8083110) Fi1 JZ [i] (rs4588066) Alcohol —B b
MR Z3 B R 3 S e AR, B AT REAE o id
FAR1T 5 PD KA (K14)
23 WIFRBSPDEFXRIT2ERMIBIEX R
230 AN B RS SR 2H 43 A ——PD & R RIT2 3
PSS

Wang 55 B0 iGE , 78 AR B 5T b RIT2 £ 3k
KA PD 1Y &I AL OC o A SClEidE 34 1 3
ZHANTRIR TR Y PD A 1 8 B i s 2 8l (1155
GSE7621/GSE20141/GSE49036), &I RIT2 KN AE

GENE: RIT2-Ras like without CAAX 2 (Chr. 18)

PD (B Ik R B R BB R TR, H Intergenic:

Gt S PO 2 LB T

(Bl 5b; ith %5 {H (array signal) : 3.49+1.23 vs. Intronic:

2.33+0.87, P=0.044), it —LUEW T RIT2 T rs4588066 RIT2

PD & ¥ B Ok & . R4 GSE7621 5 GSE49036 1) Fig.4 Overlap of genes mapped from SNPs identified in
RIT2 B R4 R EA XD B2, HXW/FES the forward and reverse MR analyses

PD % e v BE AL ka3

@ R expression (aggregated probes) (®) R expression (aggregated probes)
_ GSMS03951_C_1271p_SNe
T-test, P=0.83 e ® Tiest, P 0.044
5k GgMs03s3 C 3132 SNe
= =}
A=) GSMis43ce Be] GSM503958_PD_1364_SNc
A ] N
2 s L4+
% 6r - % GSM503950_C_1074p_SNc
o o GSM503955_C_3543 SN
=1 ° = °
E GSMI84361 | g GSM.503957,C,5210,5N° GSM503967_PI}_5476_SNc
= GSMI84360 v =
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Abstract Objective As a common lifestyle habit, alcohol consumption has a controversial association with the
onset of Parkinson’s disease (PD). To demonstrate the correlation between alcohol consumption and PD and to
identify associated genes, we integrated findings from clinical surveys, genomics, transcriptomics, and animal
experiments. Methods We investigated the alcohol consumption rates (including both before and after disease
onset) among 244 PD patients in China and 177 PD patients from the U.S. NHANES database. Mendelian
randomization (MR) analysis was performed using genome-wide association study (GWAS) data for three alcohol-
related traits and seven PD-related datasets from the MRC IEU OpenGWAS database. Transcriptomic data from
the substantia nigra of PD patients were obtained from three GEO datasets (GSE7621, GSE20141, and
GSE49036) to analyze RIT2 gene transcription. Finally, three groups of animal experiments (water/20% ethanol/
20% liquor, with 4 C57BL/6J mice per group) were conducted to examine changes in brain R/72 gene expression
and transcriptomic profiles following alcohol consumption. Results The alcohol consumption rates among PD

patients in China and the U.S. (9%-18.87%) were significantly lower than the general population rates of 15%
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—-45% in their respective regions (P<0.001), suggesting a possible negative association between alcohol
consumption and PD. Subsequently, in 21 bidirectional MR analyses using 3 alcohol-related GWAS datasets and
7 PD-related GWAS datasets, the forward MR analyses (alcohol intake as exposure, PD as outcome) yielded 12
negative associations (OR,,,<1) and 9 positive associations (OR,y>1). Among these, only two negative
associations reached statistical significance: alcohol intake frequency (OR,,,=0.75, 95% CI: 0.60-0.93, P=0.010)
and alcohol consumption (OR,,=0.20, 95% CI: 0.05-0.83, P=0.026). The forward MR analysis (alcohol intake—
PD) identified 235 SNPs, annotated to 316 genes, while the reverse MR analyses (PD—alcohol intake) identified
37 SNPs, annotated to 53 genes. Notably, only the RIT2 gene appeared in both the forward and reverse MR
analyses (alcohol intake—PD: rs28597806, rs8083110; PD—alcohol intake: rs4588066). RIT2 is selectively
expressed in the human brain (FPKM: 5.259+2.103), with low or no expression in peripheral tissues (FPKM: <1).
Analysis of three human substantia nigra transcriptomic datasets revealed a decreasing trend in RIT2 gene
expression in PD patients (GSE20141 array signal: 3.49+1.23 vs. 2.33+0.87, P=0.044). Animal experiments
demonstrated that administration of 20% ethanol or 20% liquor (approximately 8% ethanol) stimulated a >2-fold
upregulation of RIT2 gene expression in the mouse brain. Furthermore, transcriptomic sequencing revealed that
the two alcohol-treated groups exhibited 96 (20% ethanol vs. water control) and 4 (20% liquor vs. water control)
differentially expressed genes, respectively, indicating that low-dose alcohol consumption can achieve RIT2
upregulation while minimizing impact on other brain genes. In addition to its anti-infective effects, low-dose
alcohol consumption primarily influences signaling pathways related to neurodegenerative diseases such as PD
and Prion diseases. Conclusion Alcohol consumption is generally considered as a harmful lifestyle habit.
However, some studies have also shown a lower risk of mortality among individuals who consume low doses of
alcohol (100 g/week of ethanol) or drink occasionally. Currently, one of the research focuses on alcohol
consumption is whether the human body can benefit from low-dose alcohol intake. This study provides new
evidence supporting a negative association between alcohol consumption and PD, and for the first time, through
MR analysis, identifies the RIT2 gene as a potential mediator of the effect of alcohol consumption on PD. RIT2 is
selectively expressed in the human brain. Building upon existing evidence indicating downregulated R/72 gene
expression in PD pathogenesis, our experiments confirm that low-dose alcohol consumption can upregulate RI/72
expression in the brain. In brief, alcohol consumption may suppress the pathogenesis of PD by upregulating RIT2
expression in the substantia nigra. China is facing a serious problem of population aging. This study offers
important insights for long-term PD prevention and treatment strategies, with the aim of benefiting more potential
PD patients through lifestyle modifications, thereby improving the quality of life of the aging population and

reducing the economic burden on healthcare.
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