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Abstract

Observational studies have identified a rise in the incidence of irregular menstruation and abnor-
mal uterine bleeding among women during the COVID-19 pandemic. However, no studies have es-
tablished a causal link between the two. Mendelian randomization analysis leverages genetic vari-
ation, which is independent of confounding factors, to estimate causality. Our aim was to explore
the causal relationship between COVID-19 infection and abnormal uterine bleeding as well as irreg-
ular menstruation using MR analysis. The main analysis employed the variance inverse weighting
method (IVW). Sensitivity analysis and multivariate MR analysis were also conducted. The results
indicated a causal relationship between patients with varying disease severity and endometrial
polyps, with p-values for patients with infection, severe respiratory disease, and hospitalization be-
ing 0.0376,0.0298, and 0.00281, respectively. As COVID-19 virus infection progressed to severe res-
piratory disease and hospitalization stages, the risk of heavy menstrual bleeding increased, with p-
values of 0.0432 and 0.0338, respectively. When the MR-Egger regression method was considered,
there was a causal relationship between COVID-19 virus infection and cervical polyps (p = 0.0490),
and the risk of endometrial malignancies in hospitalized patients due to COVID-19 also increased
(p = 0.0310). We further investigated the relationship between COVID-19 and hormones that may
cause menstrual irregularities. We found that COVID-19 can affect the expression of estradiol and
prostaglandin E2 in the host (p = 0.011 for COVID-19 infection and prostaglandin E2; p = 0.005 for
patients with severe respiratory disease and estradiol p; p = 0.027 for inpatients with COVID-19
infection and estradiol). In summary, varying degrees of COVID-19 infection elevates the risk of
heavy menstrual bleeding, uterine polyps, and even endometrial malignancies in women. COVID-19
infection also leads to lower levels of estradiol and prostaglandin E2 in women, which may further
impact their menstruation.
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W 5 37 T I 28 B 45 T I E T8, e R R 5 BV 22 e VIR G et il 28 5 I H & FERA IR . R
B H I B A 22 S5 B IE I SRR o 7 3 B R S IR [ — I T COVID-19 K 115 SR (1 A BB 7
FE—41H 127 Z4ERIE 18~45 % (ERZ2 &tk SARS-CoV-2 [MES 53 4 TREAH,  16% I AR
T RA AL, G5 H A (60%) A1 H 2 5 WIAE K (35%) [5]. 2021 4 3 H, HEIFRE 7 —Ii&h

“COVID-19 KifAT 5t AFhld R rEL A [6], H 481 COVID-19 F S & i HA 2o M Hi 3

THZEMNGER . AR AR e KA H & SR, M2 R, SARS-CoV-2 H57EF 1@
FERFFE[ 7], RS2 B RGN A 4 R WIS LA S o FEZREAR A, 5T P (n = 3527, 91%)AH L, SARS-
CoV-2 JE G 1) F 5K (n = 421, 11%), #B I — 22 [¥) COVID-19 BHMEAMA(n = 223) 78 B R Fh 1% T,
X AT RE PR 1) 7RI FOR I /N B EE RS A BE T . BRAR COVID-19 JEYL CUAS PR ARy 8K [ s 2 3 T2 AR )
1B B R AT AT RE, KXt COVID-19 U AE fo SR AT 7T AR REfE 1k .

HERLHAE RGN —MEA AR R, HIEES5E5ZMBERNFEIERZEDIHEE, Hiha
M 2 (Estrogen) . 22382 (Progesterone) . BRI & (Follicle Stimulating Hormone, FSH). A/ al R
(Luteinizing Hormone, LH). %1/l % (Prostaglandin) 1% L. % (Prolactin) . % & H: Ifi.(Abnormal Uterine
Bleeding, AUB) R LLARE A TG 45 1 11 2038 73 NP 2K . A S50 2503 51 S IR AL 45 1 5 A IS TAJ (Polyp) T 30
AUB (AUB-P). 7 & I LJ5i (Adenomyosis) T £t AUB (AUB-A). 1 -1 L% (Leiomyoma) filf £ AUB (AUB-
L) FB PBCSEAS AU R 2E BTE AUB (AUB-M); V&4 45 F U I 585 1 5 HE UL 6 4 B 5t 1l AH 5%
J% (Coagulopathy) it AUB (AUB-C). HEUN A5 (Ovulatory Dysfunction)#5%[#) AUB (AUB-O). & A fi
JF ¥ 5 H (Endometrial) T3 AUB (AUB-E). =514 (latrogenic) AUB (AUB-J). #43Z%(Not Yet Classified)
ff) AUB (AUB-N),

o 8 /R BEALIE (Mendelian Randomization, MR)J& — M AT 2% ik, O 2 N H TG R EE 5450
Z AN E R G R [8] o MRHE /R e, FEDN AR S AR Dk o 24T B ML/ BC A [9]. MR 2B 4 FH gt A%
A FAE N THASR(IVS), AT LA R PR g /D Vi % DR 3 B e m) PR SR R IR RE R . 48T H AT 58 071 /)
BRME, FATEEH MR 55 H & 0L 8 15 1L AR ZR 5 COVID-19 45 Ja) T £E 52 i A1
IR G AR

2. MRIFITTIE

BATE ST COVID-19 15 EI AL A BIN ) GWAS AT B BHEAT A # /R BEN AL (Two Sam-
ple Mendelian Randomization, TSMR) 7347, #R 1 i 15 i, A ZAMEAH LA 422 J5 FHE R 5
COVID-19 /&Y [ IC R . SREHATHAT T COVID-19 Y5 H 4 EAH KN R MR . #ik4:
R U . B, AR R E2 SRR . AR E 1 AR .

2.1. BUEIE: COVID-19 B iBREFEWN

K FH 4 B DR 2H SCICATE L (GWAS) s P2 i AT XSURE A i (B /R BE LA 98 . COVID-19 1) GWASS Hidfs ok
H COVID-19 1 F gL 28X [10] [11], XJ& TS £ W1 3 38E R AE SARS-CoV-2 Ji 5 KiiAT %
TR A e P R A AR A ERAB Lo T s 288 Y15 50 T R A ot 200 Sy 3 e il 9% SR e ] 5 T R N
T (ebi-a-GCST011071, ebi-a-GCST011072, ebi-a-GCST011073, ebi-a-GCST011074), 37 i fifi 4 i 12y ™ E I
Wi T8 593 975 91 5 1E % A\ ¥ (ebi-a-GCST011075, ebi-a-GCST011076, ebi-a-GCST011077, ebi-a-GCST011078),
B 76 T 8 3 B2 993 91 -5 43 B 973 191 (ebi-a-GCST011079, ebi-a-GCST011080) % 137 e it 48 A% B o 41 5 15 5 A\
¥ (ebi-a-GCST011081, ebi-a-GCST011082, ebi-a-GCST011083, ebi-a-GCST011084), HAKN &R W% 1. It
B AR 23 AR . MRS TR R, BT B IE R T B G R .
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Figure 1. A two-sample Mendelian randomization study design of COVID-19 infection associated
with irregular menstruation, abnormal uterine bleeding, and hormones associated with menstruation
1. COVID-19 BEEALTMN R FERELM,. BEBEXHRRXNEHARLE/RHEN
HRET

Table 1. The details of IVWSs of COVID-19
%2 1.COVID-19 TETEi¥H

&

SNPs

RFHR GWAS ID Py AR g R
ebi-a-GCST011071 2020 1,588,783 8,103,014 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011071/
R ebi-a-GCST011072 2020 1,058,410 7,750,967 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011072/
ebi-a-GCST011073 2020 1,683,768 8,660,177 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011073/
ebi-a-GCST011074 2020 1,348,071 8,666,451 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011074/
ebi-a-GCST011075 2020 1,388,342 9,739,225 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011075/
FE S IRy e0i-a-GCST011076 2020 707,407 7,475,770 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011076/
R ebi-a-GCST011077 2020 1,059,456 7,496,658 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011077/
ebi-a-GCST011078 2020 1,059,456 9,817,241 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011078/
HIEHiR  ebi-a-GCST011079 2020 10,365 4,971,116 hitps://qwas.mrcieu.ac.uk/datasets/ebi-a-GCST011079/
;ﬁiggz ebi-a-GCST011080 2020 16,645 8,360,206 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011080/
ebi-a-GCST011081 2020 1,887,658 8,107,040 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011081/
Ptz ebi-a-GCST011082 2020 1,557,411 6,814,406 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011082/
EBEHP]  ebi-a-GCST011083 2020 1,557,411 8,110,403 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011083/
ebi-a-GCST011084 2020 1,206,629 7,534,178 https://gwas.mrcieu.ac.uk/datasets/ebi-a-GCST011084/

22. REFAL. AR TFEHMANERTIR

5 [ A WP ARAT (UKB) A2 25 [ f5 K (1 9% 3 SR pl 5 8 A% AR 2 LA 3R 145 2 %« i3 H Ui 1 50
FIAEUAE 40 B 5 69 B 2 8] (N SIS H WA AME 2. MRREAS . ARis 7 sSURIA S B e Ml JFAEZ
JE B LA BUB ERAATT A (i 1 3 [12] . ARYE ICD-10 i Wrbsitk, FRATMB IR T UKBB 1+ 5 AR
WS L. 2 BRI AL R, £2E0hERN. FEIE. FTERIUGE. 7EER
NESUS AR GWAS $di. 15 BB R K GWAS Bl ki T — Tk T 220 A AR =R A 42 3
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RIZH SCHRIE 7E[13], 1 W& 2.

Table 2. The details of IVWSs of menstrual disorder and AUB
Fz2. AZTHAN, REFEHLTRETERFE

SIS GWAS ID KRBT FEA R SNPs $ H K5
FHEETE M
9138 AN i AT ) ukb-b-10849 2018 463,010 9,851,867 ukbiobank
i
REFER % ukb-a-578 2017 337,199 10,894,596 ukbiobank
AL
#0225 B TE I I ukb-b-5712 2018 463,010 9,851,867 ukbiobank
HE& XKt ukb-b-19719 2018 462,933 9,851,867 ukbiobank
TEHERW ukb-b-15136 2018 462,933 9,851,867 ukbiobank
EHURA ukb-b-19110 2018 463,010 9,851,867 ukbiobank
T E R ukb-a-522 2018 337,199 9,851,867 ukbiobank
T ERIE ukb-b-9668 2018 463,010 9,851,867 ukbiobank
;E E?FE ebi-a-GCST90018838 2021 240027 24135205 ps/awasmicienac i

23. BERXHRMERIR

S5 ERBFEMRE. LH. FSH. W3 &, 2. 78RR E2 1 GWAS JL S #dE >k 5 Rk
BT GWAS Hl i H , ACELFERCIN AFE[14]-[19]. Forr,  JRATTFHME — BERARR MEBCR E AR N 197K
[16], ¥EW.Z% 3.

Table 3. The details of IVWSs of hormones associated with menstruation
%3 SRAZHEXHETIAT=IFE

ZRER GWAS ID KRBT FEA SNPs %7 H SRR
W — ebi-a-GCST90020092 2020 163,985 7,488,193 PubMed ID: 32042192
FSH prot-a-528 2021 3301 10,534,735 PubMed ID: 29875488
LH prot-a-529 2021 3301 10,534,735 PubMed ID: 29875488
WA ebi-a-GCST90012030 2020 21,758 20,208,673 PubMed ID: 33067605
S ebi-a-GCST90012104 2020 382,988 16,137,327 PubMed ID: 32042192
RIFIR & E2 ebi-a-GCST90019410 2020 10,708 15,566,910 PubMed ID: 33328453

24, TEAETERIXEF

EFE RN T HAZER SNP 7 Z0H C BRI =AM 1) SREMHIE; 2) M, A
BAGem; 3) AAERBERRASWNE /B EFAEM. BATEE T —1P <5 x 10°#] SNP &FBE, R
T F AR T EA S GE, JEEES F> 10 /E A0 TR & &A1 R E0% N 2 <0.001,
BB P72 R r? {82 10000 kb
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2.5. BiiEaHr

BT Geit oA R #F 4.3.3 B ) TwoSampleMR R (1T . 7EIX I MR A7 R, 30877 22 AL
(Inverse Variance Weighting, IVW)# F Al v AR RS /N E 2 T774[20]. #h 7877 555 MR-Egger [5]
VYRR A A7 E (Weight Median, WM), FIF361F MR 45 R f@ . MR-Presso &7~ B 46 Global Test
pfi <0.05, ZFRFHEE MR 4558 (p < 0.05) 57 4h45 1A .35 % 5. Cochrane 1) Q B A T-VFA5 8% T.
BAGTHEZ M0 5 B, W RS20 s i, R [ e 284 A (p < 0.05); 75, SR BEAL BN 15
. MR-Egger H#E p (A T2 850k tesh, AV “% %" WAk E 54 SNP &
% MR Al B B2 ko 52 m .

3. &R
3.1. COVID-19 ERZAHMNEFE R EH M EZE/REEH 547

FERATH) FAERBENT 7T, ARYE MR TR IVW 7325, ASERIRALEE I COVID-19 B 518 A i
BRGFERRKR, B BEHIFROER S P EE T p {534 0.0376. 0.0298. 0.00281.
4 COVID-19 i B Jak G gt Fi 380 7™ 5 I U 1 2 993 R e B, H 48 K HH L P JRUBR 386 K, p L2330 0.0432
H1°0.0338. SNPs 2 & A4 S G 11 80N R/ BoRfE B B (] 1) BFEEs RS 75k 4 Bl MR J7:1)
BUBAE Z3 M —3. kAR, Cochran’s Q K46 F1 MR-Egger [81 VA 76 725 A Fh R B0 SNP 53 57 1t 115 1] 2 4%
PEZ AR « 244552 MR-Egger [F1V75RE gt B, BGHa il 4% 8 5 5 S A Z M AFE R X R (p
=0.0490), K137 ek Al 98 1 Be (1) K8 8 131 B P SR 8 100 XU 384 K (p = 0.0310) 0 IVW S HLAB 77 322 1)
beta. se. p fHUNE 4 Fiam. [ 2 FEoR T ik F B4 RS 1.

Table 4. Mendelian randomized analysis of COVID-19 and irregular menstruation and abnormal uterine bleeding
% 4. COVID-19 5EREAHN K+ 2R H AR EREENL S

R gE R Wikrs SNP Beta Se P-value
MR-Egger 8 0.000944152 0.00405596 0.823668623
EHER Weighted Median 8 0.000974486 0.000896264 0.276915003
Inverse Variance
COVID-19 Weighted 8 0.00144232 0.000694028 0.037692257
ALl
MR-Egger 13 0.010681509 0.004830143 0.049095925
N Weighted Median 13 ~0.000509744  0.001105771 0.644809355
FTEERW
Inverse variance 13 ~0.001028386  0.000833324 0.217174223
weighted
MR-Egger 10 0.001672449 0.001182189 0.194876327
. Weighted Median 10 0.000556754 0.000304477 0.067465912
FEER
Inverse Variance 10 0.000514765 0.000236979 0.029840981
% I Weighted
UL MR-Egger 8 0.00219742 0.001049969 0.08127823
s gy Weighted Median 8 0.000691156 0.00028732 0.016149135
Inverse Variance 8 0.000507868  0.000251205  0.043204201

Weighted
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MR Test
Inverse variance weighted / Weighted median

/ MR Egger

Simple mode

Weighted mode

SNP effect on Cervical polyp

R
MR-Egger 13 0.000392972 0.001698672 0.821297219
Weighted
- Moo 13 0.000984895 0.000357831 0.005915966
Inverse Variance 13 0.000772135 0.000258488 0.002816139
Weighted
MR-Egger 12 0.003788508 0.001697342 0.049671771
COVID-19  H# kiif V‘,\’/T('e%?;ﬁd 12 0.000676394 0.000320905 0.035051214
A B 55 51
Inverse Variance 12 0000501559  0.000236397  0.033864763
Weighted
MR-Egger 33 ~0.220156583  0.097443657 0.031040062
TE A IR Weighted
. 33 ~0.025761848  0.058692278 0.660711686
S g Median
Inverse Variance 33 ~0.013838251  0.041359809 0.737940354
Weighted
MR Test

Inverse variance weighted / Weighted median

/ MR Egger

Simple mode

0.06 0.08
SNP effect on COVID-19

MR Test

Inverse variance weighted

/ MR Egger

4e-04-
0.00025- . 2
2
g
o, | -
i . — 2‘ 2e-04
0.00000 - =
0 + T k]
5
o §
. - -
-0.00025 - =i g 00700
{ —
15}
o
t 5
-0.00050 -
—2e-04-
0.04 0.06 0.08 0.0 0.04
SNP effect on COVID-19
MR Test
Inverse variance weighted / Weighted median
/ MR Egger Weighted mode
Simple mode
4e-04-
© o0
‘D 2e-04- e: * =3
2 )
E 22 Q-I 2e-04- .
o
5 e === £
= s
c 5 _
o 1 .
43 0e+00- s
3 2 0e+00-
= |53
o (]
=
o ° .
z . o
%) . z
[
-2e-04- ~2e-04-
040 0.15 020 0.25 0.10

SNP effect on COVID-19 (very severe respiratory comfirmed vs population

Simple mode

0.20

Weighted mode

010

Weighted median
Weighted mode

0.25

SNP effect on COVID-19 (very severe respiratory comfirmed vs population

DOI: 10.12677/acm.2025.153871

2363

i R % 27232 Fe


https://doi.org/10.12677/acm.2025.153871

BERE, T

MR Test
Inverse variance weighted / Weighted median

MR Test
Inverse variance weighted / Weighted median

/ MR Egger Weighted mode / MR Egger Weighted mode
Simple mode Simple mode
4e-04-
« 2 -
iy i - — i
= Q 2e-04- -
S o
5 £ < e
= 5 =
c 5 o
3 § 1
O 0e+00-
2 2 .
1o} (0] .
o =
©
z o
2] zZ *
2]

-2e-04- 2604~

0.21 0.09 0.12 0.15 021

0.09 012 015 018
SNP effect on COVID-19 (hospitalized vs population)

0.18
SNP effect on COVID-19 (hospitalized vs population)

Figure 2. Scatter plot of Mendelian randomized analysis of COVID-19 and irregular menstruation and abnormal uterine bleeding
[E 2. COVID-19 5B & HN K F5 5 & H M8 ZE/RMEN 2 8=

3.2. COVID-19 5 A& XM ENZE /RIS

AT BiEL TSMR 04T 7 COVID-19 5 —FE. FSH. LH. IGF-1. /#F.%& . DHEA-S 2. il
HIMRER E2 Z B HIR R, AL I COVID-19 Sl R Fi 5 R 3 E2 Z [AIfE1E i #1145 J . Cochran’s
Q K41 MR-Egger [F1H AL 7 SNP 75 M A E 7] 22 2401 2 [A] RTUEHE « IVW B o Af 77 75 1Y) beta. se
p IR 5 Fin. [ 3 R T ik E AR MU

Table 5. Mendelian randomization analysis of COVID-19 and menstrual-related hormones
% 5. COVID-19 5 AZMX MR L E/REEH LS

R 42 Method SNP Beta Se P-value
MR-Egger 20 -0.131827476 0.204147488 0.526590898
CoviD-19 . Weighted _
L B iRz E2 Median 20 0.126405422 0.081671163 0.121685802
Inverse Variance
Weighted 20 —0.154712009 0.061157811 0.011415427
MR-Egger 31 0.05541441 0.03691021 0.144081012
T EE N T - Weighted
aradon WM — Median 31 0.048291752 0.019287424 0.012286929
Inverse Variance 49 0.038311368 0.013714806 0.00521521
Weighted
MR-Egger 29 0.042900724 0.050472655 0.402810987
COVID-19 o Weighted
B M — Median 29 0.077346316 0.03210824 0.015999623
Inverse Variance g 0.050720295 0.022889121 0.026697476
Weighted
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Figure 3. Scatter plot of Mendelian randomization analysis of COVID-19 and menstrual-related hormones
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