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Abstract

Objective: To explore the causal relationship between benign prostatic hyperplasia (BPH) and the
risk of erectile dysfunction (ED). Methods: The published genome-wide association studies-wide
association study (GWAS) BPH and ED data set were used as the exposure factor andoutcome va-
riables, respectively. Two-sample Mendelian randomization (TSMR) analysis was performed using
inverse variance weighted, simple mode, weighted median, weighted mode methods and
MR-Egger regression. Results: Twenty-three SNPs were selected as the instrumental variables, and
the inverse variance weighted method supported the causal relationship between BPH and risk of
ED (OR and 95% CI: 1.130, 1.014~1.259; p = 0.026). Simple mode also showed the same causal as-
sociation (OR and 95% CI: 1.370, 1.033~1.819; p = 0.040). MR-Egger: (OR and 95% CI: 1.276,
0.836~1.946; p = 0.271); Weighted median: (OR and 95% CI: 1.151, 0.979~1.354; p = 0.090);
Weighted mode: (OR and 95% CI: 1.267, 0.989~1.622; p = 0.074). It could be considered that there
was no heterogeneity and horizontal pleiotropic effect between instrumental variables. The causal
effect was robust using the “Leave-one-out” method for sensitivity analysis. Conclusion:
Two-sample Mendelian randomization supports the causal relationship between BPH and in-
creased risk of ED, which provides a new idea for the prevention and treatment of ED.
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1. 5|15

R4 T #1482 (Benign prostatic hyperplasia, BPH) & 5142 4 N BN E W —Fp R M5, KT
50 % B AR R 50%, A& 5] T JREE IR (Lower urinary Tract symptoms, LUTS)H = Z 5 2
—[1]. BEEREANOZBFRER R, RYEFTFIIRIG AR DR GEN LUTS AR A FH5 Kk A %
Wt — P3N 2] Joikr= A s RR 2 0% 10 [ 229 ke DU 2 P R 30 R 362 1) B8 F% 65 (Erectiledys  function,
ED), X2 —FES M HvEDhaerats, ERRRIGH N EE 5 e G Kmg n[3]. ED & — MR 24k H
BOHE W BT RelEtg, 721 % ED B0y — MO RS, (HEIT RS RY], H 80%Hm
FEAER ZRMERA (4] R FEER I, ED R 5 B EC S, g 28N 55 1 2t 7t
(Massachusetts Male Aging Study, MMAS) R, 7E 40~70 % [ Bk, B 2 rh 2 D REREIS M 25 A 18
I35 RN 52% [5].

o EWFAT IR A OB R B BPH 1955145 ED W kA2 (AT REAELEORER[6] [7]. ATk 4
Il RBIF FC 6 A A 75 % B BPH 5 ED Z [BIAAH BB R, 2T DA B3AT e 2200 92 45 SR LA & BPH i ED
R R AR AE S B8 5 v P8 v R e, FRATT 22 P S R BB AL AN PR 7 VA S 3K A 0 <2 TR AT RE ) 5 2R

. #8 7R B HL4K V2 (Mendelian  randomization, MR)J& — Fi K| H 5. 4% £ B8 2 25 1% (nucleotide polymor-
phisms, SNP){F 4y T HAR & F it 57 55 55 B K 8 35 5 1 PR 45 =) 22 [8) S IR 1) BR] SR 5% 2R 1K1 43 BT D7V (8] o o /R
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BENLACHSERENLALEAT RIS, iR« B ORBENLX IS " , BB A8 1% TR SR A Bk
WSS AR, A AMEE 2N 5 5 45 )R 2 [ I RIR AT RN BRI RO R [0 R LA 7T 5 76 4 ] o
/RBENLIZARTE BPH 5 ED Z AR K &

2. BRERE
2.1. FERIRIR

HUZ IR % A5 M (single nucleotide polymorphism, SNP)f 4 T. HAF &, BPH {E NN 2, ED N4 H
¢, BPH K H 25 = 5048 F (https://www.finngen. fi/en/access_results), 3% 22091 55551 A1 100050 5 E&
BRI L EE 0T REZH . ED B kRIS T H 50 5¢ T ED die) ™ V2 BB e 4 25 5 241 R CHT L (GWAS) [10]0 3K
WA 223,805 A ERIN SR 6175 44 ED 3 k47, FrR M ED B2 W B Ak e A2 W
FI(ICD10 1A% : N48.4 A1 F52.2). RPEDhRERERS I AR ED 2591 AR AR/ Y Fyak oAbk hi Ak/v8 F 4 8kvg
Ho AR/ = Ek 252 ED FAR(OPCS-4 U5 : 1.97.1 F1 N32.6)i) 5 ik (S #E N .

2.2. TATENTHE

FATIIEE (1) GWAS Hifs 2 LA HUE & 8 /REENUL I TR &, O 7l PP iy, A
S BR RS ZEAT IR < 0.01 (7 SNP, 78 5t o HL i 5 15 5 5 (1 M i 91 IR 26 ) 5 SCBEE A SNP (p < 5 % 107%),
5Hr5 R A B SNP [ LD AU 2 LR & AF: < 0.001. BALEEEN 10,000 kbe RAE
TwoSampleMR R £ FF B3 T 2547 2 R BEIE 0.5 (1) [B] 3 SNP, K Aix 28 [a[ s SNP (540, ‘ST
FLRE A/T B G/C)K 51 NI TE M BEBIAL M R, 15 3505 8 Bl A2 A0 5 SR 00 42 2 1) 238 46 A5 6k R ln 1 1)
BORITE11]. FRATTHA R Fe AN AR AR 1) T HAZ SR — 80, #oK A A —J7 M 1) DNA % . 5 7 Pl
NI SNPs 2523 T 99 THAS SRR, JATIHE A SNP [12]/77 Z R LLFI(PVE), A5 HE F
GEHE 13RI IX A F . #571% SNPF 4iit8 <10, #8i% SNP 1E4E 55 T HAS B 4 (0 T e, i
VI GIBR, X &5 FIE G 14]. BeJa M 23 NEE I SNP HY, e RN 5547 BE ] (effect allele, EA)
HoAtZEALEE K (other allele, OA) SFEALEEIN K /N(B) brifEiR(SE)s p X FAEE B(HH 1),

Table 1. Basic information on SNPs associated with benign prostatic hyperplasia and erectile dysfunction

* 1. SRITIREE SR REEREXN TATENERRER

HIZ iR 4 i Ty Re R
CHR SNP EA OA F

p SE P s SE D
-0.06621 0.012033 3.74E-08 -0.0176 0.0193 0.3629  30.27895

5 rs10068678
19 rs11084596
10 15113524473
8 rs13276836

—0.12072 0.012265 7.38E—23  —0.005 0.0204 0.8057 96.87438
0.153177 0.027964 4.31E—08  0.0581 0.1871 0.756  30.00416
0.065416 0.011995 4.94E-08  0.0093 0.0196 0.6348  29.73993
2 rs145464945
—0.19177  0.02371 6.06E-16 —0.0494  0.0381 0.1942  65.41516
11 1s192982361 —0.13298  0.02298 7.18E-09  0.0582 0.0885  0.510301 33.48495
2 152457660
21 152836750

3 1s2871960

—0.07898 0.012075 6.12E-11 —0.0109  0.0202 0.5875 42.78254

C
T
A
A
A 0.113548 0.017402 6.80E—11 0.06 0.0554 0.2793  42.57391
T
T
C
T —0.07313 0.011874 7.33E-10 —0.0354  0.0205 0.084721 37.92902
A

T
C
G
C
C
19 rs17632542 C
C
T
G
C

0.070902 0.011819 1.99E-09 —0.007 0.0195 0.7205  35.98428
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Continued
6 rs3130623 T C —0.09025 0.015341 4.02E-09  0.0283 0.0244 0.2465 34.61369
8 1s366991 G A —0.08678 0.012823 1.31E-11 -0.0021  0.0201 09175 45.79596
5 1s370348 G A —0.09021 0.011826 2.38E—14  0.0268 0.0194 0.167  58.18928
5 154869246 C T 0.074664 0.012473 2.15E-09 -0.0021  0.0202 0.9168 35.83201
2 1s59427754 A C —0.17629 0.032149 4.17E-08 —0.0695  0.0881 0.4304  30.06823
16 rs61185428 G A 0.117403 0.01825 1.25E-10 0.0473 0.0415 0.2547 41.38515
5 15671044 A G 0.132515 0.023895 2.93E-08  0.0422 0.033 0.2006  30.75529
8 rs73686991 T C —0.10962 0.019281 1.31E-08 0.0301 0.0282 0.2854 3231917
10 1s7905955 G A —0.11574 0.01532 4.19E-14 —-0.0327  0.0226 0.1478  57.07773
18 rs8097576 C T —-0.07191 0.01192 1.61E-09 0.0077 0.02 0.7011  36.39522
7 1s9655205 A C —0.09738 0.01433 1.08E-11 —0.0332  0.0233 0.1551 46.17729
13 15987086 T C —0.08112 0.012847 2.71E-10 —0.0451  0.0221 0.04118 39.87397
G A

17 1s9901746 —0.08203 0.011944 6.50E-12 —0.0221 0.02 0.2678  47.17037

2.3. MR &%

NG A TR SR RS, MR 48T SNP 0N TV R 2 3 NI % [15]: @ HEM IV Ji5 B iE
R EHEA; @ IV NHLFRARNZE: © IV A GBI RERNREmL R, NEdHgE. KRR
(4.0.2 flA)F ) “ TwoSampleMR ” #EAT 7047, p < 0.05 W NZEH Giit 28 . A 5 F MR 2047 7128
J7 ARG A AGE . B A R B RGE K MR-Egger 72:) 74T i 1IR3 AE 5 2 h g RS
R RAAAERIR G R HoApli 7 ZINBGEAVW). 8 SR A R A B BB =% = 22 H T MR
53HT. MR-Egger #FEAT S F 2 H T E 2 ME B S50 . SR BENLR TVW 4387 7 VE R 151
JiR s A= AN AL Th RERRAT 1) SNPs AHICHEHEAT A0 4T, THE IV FOE A T 7 Z G E R s . T
BEALZSET IVW RRVFREAS SNPs 72 AR AN (1P RN, AR FHBEHLAUN I IVW J735[16]. HffRIE R
() IV A2 i B i 41 B A LA (0 AR )8 A7 5 i 22 6L T R B iy LR 11X — 45 R A8 &, R A MR-Egger #k
FRATINPEAL IV 5 HARE VR % R A 2 RO ESC R [17]. XM AT R R AR 1 R R RS (1 17 A
BRPEARFRBALAR 57 (1) T2 7K1 22 380 RS I PP 18]

2.4. BRRYEMBURMESTH

K Cochran 1) Q 38 AIJR = EIVFAl SNPs [8] 1) 5 i1 [19] [20]0 A T PPAL AR 2 28501, FeAT 1R
TERITE: 1) BURTESHT T “leave-one-out” HRTTHLAS SNPs BXZIX K 5L 3¢ ¢ 4 7 Ag ok
2) MR-Egger #2EAS 50 VAl 22 8 AR S5 5 ARV E VR A4 R R 1) 2 20 G HK . 3) MRPRESSO PEAl & f A7 75 25
BEE. 7EHERR C RN 2 201 SNPs Ja RATE S IR I B R BENL BT

3. &R
3.1.SNPs EX{ER

TE A3 R RSP _E B A R0 w2 BRIE A F 1317 A4S SNPs 7] LA VETEAE I TV o 383 B ST 3E BT 1fi7
ZAF: <0001, BALEEEN 10,000 kb, 545 /RA R IAEREAGICAL, S 28 4~ SNP L &1,
[ [51 3C SNP: rs10788167, rs1606303, rs17101982, rs3213180, rs35908689. &L FHikfiE 23 M5
R T 410 AR A 5 S T R IR E A7 A SRR I B A A 2R IR AL S (p < 5 x 107 SNPs /24 TV, IX 4 SNP
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FARE T 0.803%IF) BPH 254, = F fH N 42.960, &4~ SNP [ F ¥J>29, i 7 A %2 355 T HAF

EIRN, PR 1.
3.2. TSMR 534

IVW 5 ik 45 5L 38 7R 5 41 iR 386 A= 5 5 k2 T e B A5 A7 76 2 2 I [ SR 5% R (OR and 95% CI: 1.130,
1.014~1.259; p = 0.026); Simple mode 52 45 R #ZIL(OR and 95% CI: 1.370, 1.033~1.819; p = 0.040);
MR-Egger: (OR and 95% CI: 1.276, 0.836~1.946; p = 0.271); HIAFL7%0%: (OR and 95% CI: 1.151,
0.979~1.354; p = 0.090); Weighted mode: (OR and 95% CI: 1.267, 0.989~1.622; p = 0.074). IVW J5iE/EN
AT E 30, R BIHTZ IR IG A 5 S0 D e B s AU B INAAZE R R OC &R o MR-Egger 70T s 28 SR rh
[R5 1) 22 RO NS R T e S BUm A (R EE = —0.011, P =0.567). PEWLE 2. & 1(a). [ 1(b).

Table 2. MR analyses to assess the causal effect of benign prostatic hyperplasia on erectile dysfunction

= 2. WEHERITIBRIE S M P ThRERERG R E RE AT MR 347554

PARZA n B HRH PR pfE OR 1 OR B S IX [A]
MR Egger 23 0.243539 0.215435 0.271033 1.275756 (0.836, 1.946)
Weighted median 23 0.140721 0.082885 0.089549 1.151103 (0.979, 1.354)
Inverse variance weighted 23 0.122301 0.055099 0.026442 1.130094 (1.014, 1.259)
Simple mode 23 0.315012 0.144567 0.040323 1.370276 (1.033, 1.819)
Weighted mode 23 0.236283 0.126096 0.074298 1.266533 (0.989, 1.622)
15987086~ -
b 15145464945 - ——
@ MR T ® T IReAN- ———
HiE =
Inverse variance weighted Weighted median s mgg;%% - ———
IS N —e
- MR Egger Weighted mode gggg?gig: _._+
2 Simple mode ‘S{gg%gzg 3 e
5 1813276836+ ——
El 1524576060 ——
2 i =
502" 154869246 - e
) 182871960~ - —
= 188097576 —
5 0.1 4 1873686991 - ——
: B i —_— il =
20— — s rs192982361-  ——————¢———
2 t All - MR Egger- —_—
é -0.1- All - Inverse variance weighted - t hd : ! \
2 00 0.10 0.15 0.20 2 ! 0 ! 2 3
< : ) - ’ MR effect size for
7] SNP effect on Hyperplasia of prostate ‘Hyperplasia of prostate” on ‘Erectile dysfunction’
15370378 -
© MR Method (d) S8
1s110845906 -
Inverse variance weighted ggg?ﬁéé E
MR Egger 13$36609] -
rs19398336] -
sl 135244;3 ]
61 . 3157660
1539427754 -
. 15145464945 -
. 1510068678 -
4. - . Rl
o o - . . . 75071044 -
S 1517632542 -
— . 189655203 -
157905955 -
2- . . 152836750 -
- 1s987086 - =
. Al : l
. j i . 0.0 0.1 0.2
-0.25 0.00 025 050 MR leave-one-out sensitivity analysis for
Bry ‘Hyperplasia of prostate” on “Erectile dysfunction’

Figure 1. Results of two-sample Mendelian randomization of benign prostatic hyperplasia and erectile dysfunction. (a) Scat-
ter diagram; (b) Forest plot; (c) Funnel plot; (d) Sensitivity analysis

1. BIFIBRIEE SN RERSS I A AL BRI ER . QABRE; O)AKRKE; (oRFEHE; (d)AHRE
Mo
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3.3. RERMEREMERM S

f#H Cochran’s Q #ar 46 Al 2 ISR A5 TV [A] 1) 7 51 14 . MRPRESSO ‘i/s AEAZE B HEE(p = 0.068).
MR-Egger [A] 9745 524 Cochran’s Q = 20.265, p =0.505; IVW 455} Cochran’s Q =20.604, p =0.545,
AR IV B AELE 7 P . MR-Egger [A1)5 1 #0E 7T LAE v —AMEFR, R IV IKE 2 80 2 5 m T
MR 73 M7 B 45 5 . #5 PR 0, p> 0.05 (Egger intercept =—0.011, p = 0.567), 8 IV RIEAEKF- 2 501k,
2 MR 43T RO PTREMEA K. J=FEIZRW, $A SNP AERN IV P2 A R R 2, AR X FR o
fi, TV ZEIZESA, BE 1(c). UMD “B—1£” (leave-one-out, LOO)IZ A2k SNP,
4% SNPs (1R SN 545 SNPs ] MR 2> Hr45 b, LA E IR SR ORI 75t B TV 338, MR 2047
iR, WK 1(d).

4. #ig

BH T 8k = P R BB AR I PR RS A ] I RTREPEWT 5T, BPH A1 ED Z I8 B SRIRAR MEAF BIUESE, TI7E &
IR FEALA PIAEZE R, SR ATFH GWAS 2454, i2 F TSMR 73#7, IVW 1545 5(OR and 95% CI: 1.130,
1.014~1.258; p = 0.026)4 BPH &3 KA ED XS 5 X — R R ¢ R IR T b4

JEXTT BPH AIRES|E ED KA BEAE BEALHI IR A B e e 21], (B E I S =
PN A BRI 7 T AR . CUE B IR B 22 e it 5 713 2 B T 4 - LIRSS, 4 Pig LI
iy, ZRRFRARAS, WX — IR FIR R RIEH[22] 23]

Chang S, Hypolite JA &5 N@EAT IZNIRH FE b, A 55 Dk HE A L) b 4 42~ ULUSC 4 UL DRI HEE
X5 BB LR ER SR BRI 7SR 380G 5%, (R B B DRt A BEL 5 it 4 4T g D LSC A4 o AR 1 oy
T, SECEININE R s e B AR AR g, X R R80T BPH B )
RefRAS[24]. 534, BPH Hl ED I8¢ & W] LA AHE— A ANO)BE L mih = . (O HEE R
T BRI 2 ST LT 70 53 VR 1 700 S5 A 25 5 T PR B 2B B 2 g AT R RE [25] [26] [RIRE, — DT R4
RO BRI AR 2599697 5 ED Z M GBI LR B, RYERTSIIRIG 5 ED RAEZ BAFAES B M SR K
BR[27]

T e BPH M ED BRI CR, EARKBFLH, FAEH 1T ED BT GWAS H1 (1)
R BESE, XA T T 220,000 AF GWAS [10]. BATRM T 5 MORRE 12081 7 G 7 Z2 AL
L IBCREE B MR-Egger ¥5)HEAT MR 2087, 255 SR BT 51 IR A 15 2 A T R R AS A7 76 S5 35 R R SR 06
Z(OR and 95% CI: 1.130, 1.014~1.258; p = 0.026). FAT B /R X — XA it 50 7 =, A A LA
TNETEURE s 1) BEAR IR, AT DA IR 1) b B ER AN, AT 3 T IR R 2 1T S AL
it w22 (28] 2) SO HERIFE T B2 RS OIS RO BE AL 7 55, X AR 2 1 B2 59 5 AR R TR R R R
TR, fELERA 552 2 )5 R AR 2R K 2 A ) R SR OC RIUEEIA[29]. MX L7 T b, df8/REENLAL
53] 7 AL BEH LS IR 356 (Randomized controlled trial, RCT)RIFAL KR K R, DA H L5180 At —0
Il PR BRI FE 3R AT 77 IR A% 22K

HTid %% T ED 5 BPH HIWFFUBLZ S B BEIEHE , 1M o /R BE AL B R R 26 RAEB Y
MRFR S, MIBAEZE M EERS T BPH /EN ED GRS 10 . X0 T RAMRHEE ARk U, 6
Bere BAIGIRE L. £ BPH BEMSEERET, RIETFRIEE, WRAMEIEE A nT B 2 namsnt 55 1)
OHETRB B, JRA TN TR S, FEXT ED MIGKIGYT, B4 T Eg, WEmhTF T2
Xt T ED (1556t I PR 2590t 70 FTT R 1 58I (6 77 [ R 2

WA, RIRWPFAEE—E RRRYE, &5, W RA R GWAS £k B TERM AR, FHEE
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Z BT SO IA TR L 182 T T At e iAok, BAVXPFAS 7 BPH X ED 520, Xt
T BPH 51 HAM I ARE (W AnBs e B B 43 AR PRI BE 58 ) U NEAE R R ORI FE AT VP . )
ESR MR BEUS VPG BPH A1 ED B ELIEDI RN, HE W] BETCIRMERA TF Al X A RN AR RN, X TT
2 PRI X B DR SR AR M B 3oF W R 44 R ) T

5. &g

TRATIR IS R A AR BE LA B T VAT B0 IE , IF E 45 R SR R0 1) R A 55 P S D e B XU
FEIRAFAE R R 2R, XN AR K S Th RE R b (R T AiG T 5243 18T YR )T B

SE K
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