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[ Abstract | Objective: To investigate the relationship between blood mitochondrial
DNA (mtDNA) copy number and adverse pregnancy outcomes using a Mendelian
randomization (MR) approach. Methods: Data were obteined from the IEU OpenGW AS
project. A Mendelian randomization (MR) approach was conducted, with single
nucleotide polymorphisms (SNPs) associated with blood mtDNA copy number being
used as instrumental variables. Firstly, the causal relationship between blood mtDNA
copy number and adverse pregnancy outcomes was evaluated through univariate MR
analysis. Further conduct multivariate MR analysis and adjust lactate levels to eliminate
confounding effects of lactate metabolism. Finally, conduct reverse MR analysis to
explore the reverse effect of adverse pregnancy outcomes on blood mtDNA copy number.
Inverse variance weighted (IVW) was used as the primary analysis method,
supplemented by MR-Egger regression, weighted median, simple mode, and weighted
mode. Sensitivity analyses including MR-Egger intercept test, Cochran’s Q test, MR-
PRESSO, and leave-one-out analysis were conducted to ensure robustness.
Multivariable MR was performed to adjust for lactate levels. Reverse MR analysis was
also carried out. Results: In forward univariable MR, genetically predicted blood
mtDNA copy number was causally associated with gestational hypertension (OR=0.719,
95%CI: 0.538-0.961, P < 0.05), pregnancy complicated with chronic hypertension (OR=
0.719, 95%CI: 0.538-0.961, P < 0.05), preeclampsia (OR=0.616, 95% CI: 0.412-0.922,
P< 0.05), and premature rupture of membranes (OR = 1.478, 95% CI: 1.008-2.168, P <
0.05). Multivariable MR adjusting for lactate levels showed that these causal effects
remained significant, with effect sizes comparable to univariate estimates. Reverse MR
indicated that premature rupture of membranes (3 = 0.009, 95% CI: 0.001-0.017, P <
0.05), excessive vomiting during pregnancy (B = —0.004, 95% CI: —0.007-0.000, P <
0.05), and early pregnancy bleeding (8=0.008, 95%CI: 0.002—-0.015, P < 0.01) were
associated with blood mtDNA copy number. Sensitivity analyses confirmed the
reliability of these findings. Conclusion: Blood mtDNA copy number is causally related

to gestational hypertension, chronic hypertension in pregnancy, preeclampsia, and
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premature rupture of membranes, independent of lactate metabolism. Additionally,
adverse pregnancy outcomes can also affect blood mtDNA copy number, suggesting that
blood mtDNA copy number may serve as a molecular biomarker for early clinical risk

prediction of adverse pregnancy outcomes.
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Table 1 Characteristics of the genome-wide association study datasets included in this study

TR )R GWAS ID a0 FEAS & SNPHH:  AHf

ML mtDNA 5 D& ebi-a-GCST90026372 2022 383 476 11173383 R
FLIRIKF ebi-a-GCST90092882 2022 114 806 11590399  RKM
B AN ebi-a-GCST90018837 2021 252 006 24143725 B
AR v e finn-b-015_HYPTENSPREG 2021 123 525 16379784  RIM
77 S H i finn-b-015_POSTPART_HEAMORRH 2021 102 296 16379289 KR
WERA I M finn-b-19_HYPTENSPREG 2021 123 579 16379784 R
A R] 3ak K finn-b-015_EXCESS_VOMIT_PREG 2021 111478 16379549 R
L R 0 PR A R finn-b-015_PREG_GU_INFECT 2021 111371 16379553 Rk
SedRFI ebi-a-GCST90018906 2021 267 242 24165538 B
S URA R finn-b-015_PREG_DM 2021 116 363 16379 684  BKM
FE RSO AE ebi-a-GCST90018839 2021 231771 24089752 Rk
W S P e finn-b-KRA_PSY_ANYMENTAL_SUICID_PREG_NERV 2021 218792 16380 466 ERM
bW finn-b-015_PREG_ABORT 2021 123 579 16379784 ki
i E G A finn-b-015_PLAC_PRAEVIA 2021 104 843 16379382 ERiM
ST AR 1 i finn-b-015_HAEMORRH_EARLY_PREG 2021 16382702 16379595 Rk
JieERRLS st finn-b-015_PLAC_DISORD 2021 104 349 16379357 Kk
Bra L A finn-b-P16_RESPI_DISTR_NEWBO 2021 218 698 16380461 R
UiV finn-b-015_PRETERM 2021 104016 16379340 R
77 SR RE finn-h-015_POSTPART_DEPR 2021 67 205 16376275 kM
PRI R finn-b-015_PUERP_SEPSIS 2021 121 441 16379757 BRI
G5 LA finn-b-015_MEMBR_PREMAT_RUPT 2021 107 258 16379429 Kk
NG finn-b-015_PREG_HYDAT 2021 89 546 16378810  EkiM
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T 2 P<5.0x107 ity SNP %0 AT FR , 50K 0 6t 199 (e
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3% A 37 0 (weighted median) | ] B AEL
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1, FUH MR-PRESSO 73 Bt LR 98 75 1) 52 6 1L
TSR R I 5w SNP, TE B S i (B R R A
SNP =7 Al B3 PR R GO0 Rl s R T BR — 1 R
SREE IR AT 2 B SNP SR 2

ARBFFE R T A IF GWAS I BB, ook
SRR B R BEAT B AL B . B R AN R )
GWAS i FAH E A7 IR AT BAS] AN FEAE
FAES . AN R 433 967, Rif
1N TwoSampleMR 0.6.8 , MendelianRandomization
0.10.0.MVMR 0.4, P<0.05 N EA G145 .

2 1

2.1 FASEE MR T8 7R M7 miDNA $4 D80S
N R IEYRES A G
ARG T 6242 HKE K4 P<5.0x10° (1)

SNP 1E 4 I ¥ mtDNA #5 U1 % i) T B A7 & (B
X A THAENPNEFSEITER
58.524  AFEFESS T HAR G

IVW 3 45 5 7, R mtDNA #5 DUECS 4
#% 5 1. JE (OR= 0.719, 95%CI: 0.538~0.961, P<
0.05) ATk A 112 M & 1l (OR = 0.719,95%Cl
0.538~0.961, P<0.05) . 5 JE ¥ % (OR = 0.616,
95%CI:0.412~0.922, P<0.05) & Wi E AR5, 11 5
G I 5% (OR = 1.478, 95%CI: 1.008~2.168, P<
0.05) £ I 2 1 AHOC , A7 & BRI mtDNA #% D
B HAWAR RATIRZS R 2Z AP SR R (£ 2) .
MR Egger [0] 532 A A A0 £ | &7 B A £ Fn
TR AR B 43 B PR UCHE 2 ML mtDNA $ D140 5
UE R R I AR ORA IR 8 M v I SR iR
RERL Z R EAE LR OC R (B 1) .

b L e SO E Ty S O e LU b €2
T B 35 SRR N R AT R 45 Ja itE — 25 T g T Sk
PEArHT . TE 5 B ELBE Q K56 Fl MR-Egger [7] 57
BB TRS 55 (32 3) , 1ML mtDNA 45 DU 5 45 ik
e ML G WA 08 M v i s L S IR B G
L ) G B 34 T 1o S R R 2 v (B P>
0.05) , 6. WA BT 6 T 5L AR 5 AN A7 7 38 2o 3 7% i %
OSSR RS O, $E s T B AR RN — Bk R
If. MR-PRESSO 3t A< kil 21 5 2 25 #F SNP, HE
B T HAS SNP S5 230X 45 SR i T4 B —3%
A3 HT 7R MLV mtDNA $5 U155 40 0 /= 1 AT i
IR B S IR TR R R 2 R] )
RSB IY AR Z BAAS SNP (520 (- 2) , E— A4k
WE T 25 R e

F2  EN ARG AERBEHLAL BT IR mtDNA $8 DUBCS RN R AR URES 19 3967 26 IR 43 4 21

Table 2 Inverse variance weighted estimates for the association of blood mtDNA copy number with adverse pregnancy

outcomes (forward univariate MR)

e SNP #f it OR(95%CI) 4 )= SNP 4 OR(95%CI)
BN 53 1.133(0.713 ~ 1.801) e 50 1.007(0.862 ~ 1.175)
B0 e 1L 50 0.719(0.538 ~ 0.961)" i E G A 50 0.585(0.252 ~ 1.361)
7 H il 50 1.134(0.800 ~ 1.607) T B 400 1 1 50 1.320(0.905 ~ 1.924)
BEURA 18 1 e 1l 50 0.719(0.538 ~ 0.961)" Jif BRI 50 2.600(0.344 ~ 19.629)
PRZE I R] 2 B X it 50 1.058(0.533 ~ 2.103) BAE LI A 50 1.436(0.206 ~ 9.989)
R 0 0 P A R 50 0.779(0.407 ~ 1.493) LIS 50 0.876(0.658 ~ 1.167)
JeIE T 53 0.616(0.412 ~0.922)" 7 I AR AE 50 1.026(0.791 ~ 1.332)
U YR PR 50 0.990(0.742 ~ 1.320) PRI e REE 50 1.438(0.932 ~ 2.219)
T B A RS i 52 1.278(0.935 ~ 1.747) i H 50 1.478(1.008 ~ 2.168)"
AR 1 i 50 0.910(0.801 ~ 1.035) Gkl 50 0.984(0.238 ~ 4.070)

"P<0.05. mtDNA : ZEK7 & DNA ; SNP: U IR Z2 751k ; OR « LU (B 1L s CT: B AR X ] .
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Figure 1 Scatter plot for blood mtDNA copy number and adverse pregnancy outcomes based on forward univariate

Mendelian randomization
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Table 3 Heterogeneity and pleiotropy analyses for blood mtDNA copy number and adverse pregnancy outcomes in forward

univariate Mendeli

an randomization

oy e S ZE
WIRES Q1 P{H Egger # 1 PAH

L7 mtDNA $5 U1 %X AR I MR Egger 64.878 0.053 -0.003 0.704
IVW 65.075 0.062

WL WRA IR i MR Egger 64.878 0.053 -0.003 0.704
IVW 65.075 0.062

IR TN MR Egger 47.125 0.628 0.013 0.253
IVW 48.461 0.614

JiE e R MR Egger 33.429 0.945 0.007 0.520
IVW 33.849 0.951

mtDNA : Z2Ri /K DNA;TVW < 33 57 22 Ik
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Figure 2 Leave-one-out analysis plot of blood mtDNA copy number and adverse pregnancy outcomes in forward

univariate Mendelian randomization
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KV IR mtDNA # DUEO 4 8 5 1% (OR =
0.718,95% CI:0.517~0.998,, P<0.05) . {4k &5 1%
P 75 1L % (OR = 0.718, 95% CI: 0.517~0.998, P<
0.05) . 46 Jk F 9 (OR = 0.581, 95% CI: 0.374~
0.902, P<0.05) S i B 5.1 (OR = 1.428,95% C1:
1.033~1.973, P<O.05 M AEE R RAE T (R 4) 2
7 1MLV mtDNA $5 D1EOS AN R 4T iR 235 J) 1) 5 i

ST FLRASIRE

TUBME M 4 R AN 5 T 7, 76 MR-Egger [7]
VA AR LIRS, 36 v 1Y mtDNA #5 D15 4T Uik v
M B O 18 1k 5 I | S IR A G B
BB RAFAE 2500 (3 P>0.05) , BT fir ik T 5.
7 AN AT 38 3k 3F R R G I 5 45 JR) (1 DL o
TE 0 ELRR Q K5 rh e BUAE IR & 1L AR UR5 JF
12V e I AR Y S 3 R B (B4 P<<0.01) ,{H
454 MR-Egger [] 5 28 5 AT iF 52 H Y5 T SNP 2500
9 EE Y R AR 22 57, AR K 220, H B i b
BLASN BRI TE , AN 52 i PR HE T 4518, 4575 31
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Table 4 Inverse variance weighted analysis of blood mtDNA copy number and adverse pregnancy outcomes in multivariate
Mendelian randomization
R 455 SNP4I F1H OR(95%CI) PE
22 LR VAL 1) 17 mtDNA $5 D15 R U IIDES 52 41.023 0.718(0.517~0.998) 0.048
SRR T 1 52 41.023 0.718(0.517~0.998) 0.048
SR TN 52 37.836 0.581(0.374~0.902) 0.016
Jif B 52 41.023 1.428(1.033~1.973) 0.031

mtDNA : 267 (4 DNA ; SNP: U iR 28 OR « FL{E H 5 CL: B AF X ]

1135 mtDNA ¥ USRS BLIE 4 55 o 9 B0 3 57
TR AL
2.3 I miDNA P DURCS obE R R IR S 2
i 0 2.1 P 56

SET WA IE ) 4397 0 45 58 AR5 itk — 25 IF
I 6 MR SMT 0 R DU B R55 5 17
SE LW mDNA 75 DUBCHE 2 5 , BB i i 0
R TAFAET R H TR . HIBFIR R R
U0 4 4 PR 41 15 3 S F SNP R 77 79
S D R AR A R B RS ) , 3 196
et T R VSR SNP 1 TR AR 45 TR
BR8P SE T B R 20, BUR R AEAESS T

=
HARGL,

IVW 25 5L & B, AR B B 8% (B = 0.009,
95%CI: 0.00~0.017, P<0.05) 5 Ifil & mtDNA % Il

B IE AR G 48 Uk vl R (B = 0.001, 95%C1:
-0.009~0.011, P>0.05) AEUR A H-18 Pk & 1% (B=
0.001, 95%CI: -0.009~0.011, P>0.05) . % JK T-Jifi
(B=-0.002,95%CI: -0.008~0.003, P>0.05) 5 Ifil ik
mtDNA #% DUECZ [IAAEAE R R OC R . A, 7E bR
T UL PR AR URES J7 2 b, AT & IR AT Uk
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Table 5 Heterogeneity and pleiotropy analysis of the association between blood mtDNA copy number and adverse pregnancy

outcomes in multivariate Mendelian randomization
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mtDNA : 27 (K DNA

6 Sl F B /R BEHLAL AT I mitDNA $5 DURS A RAEYRAS Ja 9307 28 AR 7 M 2R

Table 6 Inverse variance weighted analysis of blood mtDNA copy number and adverse pregnancy outcomes in reverse
Mendelian randomization
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TEIRG I M il 37 23.114 0.001(-0.009~0.011) 0.823
IR e mDNAF5 AL 23 20.790 -0.002(-0.008~0.003 ) 0.415
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Figure 3 Scatter and leave-one-out plots for blood mtDNA copy number and adverse pregnancy outcomes in reverse
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Table 7 Heterogeneity and pleiotropy analysis of blood mitochondrial DNA copy number and adverse pregnancy outcomes in

reverse Mendelian randomization analysis
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