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Problem: Several studies have reported the increased risk of preterm birth, prema-
ture rupture of membranes, and low birth weight in patients with recurrent preg-
nancy loss (RPL). There have been a limited number of large population-based studies
examining adverse pregnancy and perinatal outcome after RPL. Multiple-imputed
analyses (MIA) adjusting for biases due to missing data is also lacking.

Method of study: A nationwide birth cohort study known as the “Japan Environment
and Children’s Study (JECS)” was conducted by the Ministry of the Environment. The
subjects consisted of 104 102 registered children (including fetuses or embryos).
Results: No increased risk of a congenital anomaly, aneuploidy, neonatal asphyxia, or
a small for date infant was observed among the children from women with a history
of RPL. A novel increased risk of placental adhesion and uterine infection was found.
The adjusted ORs using MIA in women with three or more PL were 1.76 (95% Cl,
1.04-2.96) for a stillbirth, 1.68 (1.12-2.52) for a pregnancy loss, 2.53 (1.17-5.47) for
placental adhesion, 1.87 (1.37-2.55) and 1.60 (.99-2.57) for mild and severe hyperten-
sive disorders of pregnancy, respectively, 1.94 (1.06-3.55) for uterine infection, 1.28
(1.11-1.47) for caesarean section and .86 (.76-.98) for a male infant.

Conclusion: MIA better quantified the risk, which could encourage women who

might hesitate to attempt a subsequent pregnancy.
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propensity score adjustment, recurrent pregnancy loss
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1 | INTRODUCTION

Miscarriage is the most common pregnancy complication with a fre-
quency of 15%.52 Recurrent pregnancy loss (RPL) is defined as two
or more losses at any time during pregnancy.z*3 Most of these occur
before 12 weeks of gestation.

RPL is a heterogenous reproductive problem with multiple etiol-
ogies and contributing factors include age, body mass index (BMI),
parity, and smoking habit.»? Identifiable causes of RPL include an-
tiphospholipid syndrome (APS), uterine anomalies and parental and
embryonic chromosomal abnormalities.*® Endocrine, infectious, and
immune inflammatory conditions have been reported to be associ-
ated with RPL. Of these, APS is the treatable etiology.? There has
been no randomized control trial to compare the live birth rate be-
tween with and without surgery for a uterine anomaly or preimplan-
tation genetic diagnosis for a translocation.

However, the cumulative live birth rate was 84% in non-genetic
carriers and 85.5% in couples with no explanation in the previous
studies.>” The live birth rate decreased significantly according to the
number of previous miscarriages in both groups.® Information on the
adverse pregnancy and perinatal outcome is available but limited.”*°
The risk of a preterm birth (PTB) is most frequently examined.” >
Other previous studies have shown a significantly increased risk of
very PTB.23 Premature rupture of membrane (PROM),121417 |ow
birth weight (LBW),“'”‘15 caesarean section, placenta abruptio, and
hypertensive disorders of pregnancy (HDP).}”

However, there has been controversy regarding whether RPL in-
creases the risk of a congenital anomaly or neonatal asphyxia. A case-
control study with 18 534 malformed and 17 544 non-malformed
babies indicated that multiple malformations, Down’s syndrome,
anencephaly, spinabifida, talipes equinovarus, congenital dislocation
of the hip and LBW were associated with previous miscarriage and
stillbirth.** Another study with 638 recurrent miscarriages (RM) pa-
tients and 3099 non-RM patients also reported a risk of congenital
anomalies with RM.*? A recent study found no association between
RM and congenital anomaly or aneuploidy.*°

These studies did not employ a population-based cohort, but
rather case-control retrospective approaches. The influence of co-
variates and medical histories were not considered.'>2 Furthermore,
recent concern regarding the treatment of missing data has been
raised because the generalizability of findings might be limited by
the extent of the missing values.

We have conducted the nationwide population-based birth co-
hort study known as the “Japan Environment and Children’s Study
(JECS)" planned by the Ministry of the Environment, Government
of Japan.lg'22 The study subjects consisted of 104 102 registered
pregnancies recruited during the first 3 years of the JECS, and their
babies are now being followed up for 13 years mainly to examine the
influence of the uterine environment on the fetus.

We determined the adverse pregnancy and perinatal outcome
according to the number of previous pregnancy losses (PL) re-
ported by the JECS with the use of multiple imputation analyses
(MIA).

2 | METHODS

2.1 | Study design and participants

Pregnant women were recruited by the JECS between January 31,
2011 and March 31, 2014.

Eligibility criteria for expectant mothers were as follows: that
they (i) resided at the time of recruitment in any of the study areas
selected by 15 Regional JECS Centers located countrywide, (ii) had
an expected delivery date after August 1, 2011, and (iii) were capable
of comprehending the Japanese language and completing the self-
administered questionnaire.®®?2 The sample size has been calculated
in the JECS protocol by the Ministry of the Environment.?® In princi-
ple, pregnant women completed the questionnaire during the second
(MT1) and third trimester (MT2). Their medical records were tran-
scribed by doctors or research coordinators at registration (DrT1),
just after delivery (DrOm) and at 1 month after delivery (Drim).

The present study was based on the jecs-ag-20160424 data-
set, which includes 104 102 registered children (including fetuses
and embryos), and was released restrictively to all concerned in
July, 2016 (Figure 1). A total of 1994 children of mothers with mul-
tiple pregnancies were excluded because several outcomes were
influenced by multiple pregnancies. Furthermore, 310 fetuses or
embryos terminated by induced abortion were also excluded. In ad-
dition, a total of 5586 children (fetuses or embryos) whose mothers
had participated for the second or the third time were excluded.
Finally, 96 212 participants were included in the main analysis. The
mean (SD) age at registration was 30.7 (5.1). The mean (SD) gesta-
tional weeks at registration was 14.0 (5.7) weeks.

The JECS protocol was reviewed and approved by the Ministry
of the Environment’s Institutional Review Board on Epidemiological
Studies and by the Ethics Committees of all participating institutions.

Written informed consent was obtained from all participating women.

2.2 | Data collection

The first questionnaire (MT1) included the sociodemographic
characteristics, medical histories and the details of all previous
pregnancies.

Medical histories included atopic dermatitis, asthma, collagen
disease, autoimmune disease, systematic lupus erythematosus
(SLE), rheumatic arthritis (RA), insulin-dependent diabetes mellitus
(IDDM), non-insulin-dependent DM (NIDDM), gestational diabetes,
hyperthyroidism, hypothyroidism, anemia, hypertension, hyper-
lipidemia, stroke, myocardiac infarction, congenital heart disease,
Kawasaki disease, depression, dysautonomia, anxiety disorder, gas-
troesophageal reflex disease, gastritis, gastric ulcer, duodenal ulcer,
irritable colon, Crohn’s disease, ulcerative colitis, fatty liver, chronic
nephritis, nephrotic syndrome, menstrual disorder, endometriosis,
adenomyosis, uterine fibroids, uterine anomaly, ovarian tumor, and
polycystic ovary syndrome (PCOS).

The socioeconomic status was assessed by the education level
and annual household income in the second questionnaire (MT2).
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Agreed for participation (n = 104 102)

Supplementary
Data

Main Data

FIGURE 1 The flow diagram for
assessing eligibility

The first medical record transcript (DrT1) included maternal age,
gestational weeks at registration, maternal body weight, height, con-
ception, and the details of all previous pregnancies (vaginal delivery/
caesarian delivery/miscarriage/induced abortion/stillbirth).

The DrOm included maternal age, gestational weeks at miscar-
riage and delivery, single/multiple, live birth/stillbirth, miscarriage/
induced abortion, male/female, birth weight, vaginal/caesarian de-
livery, pregnancy complications, and perinatal outcomes.

The third medical record transcription (Drim) included questions

on the presence/absence of congenital anomalies.

2.3 | Outcome, exposure, and covariates

The pregnancy histories provided by the doctors in filling out the
DrT1 form were given priority over the participants’ answers with re-
gard to the number of previous PL (categorized as 0, 1, 2, 3 or more).

The obstetric outcomes included stillbirth > 20 weeks’ gestation,

late miscarriage, early miscarriage <12 weeks' gestation, PL, PTB

Excluded (n = 2304)

v

O Multiple birth (n = 1994)
O Artificial abortions (n = 310)

A

Total data including multiple participation (n =101 798)
The number of previous pregnancy losses

0 No (n=77 434)

O One time (n = 17 733)

O Two times (n = 3907)

O Three times or more (n = 1131)

O Missing (n = 1593)

Excluded (n = 5586)

\4

O Participated for the second or the third time

Total data excluding multiple participation (n =96 212)
The number of previous pregnancy losses

0 No (n=73413)

0O One time (n = 16 547)

0 Two times (n = 3633)

0 Three times or more (n = 1065)

0 Missing (n = 1554)

(<37 and <34 weeks' gestation), PROM, placenta praevia, abruptio
placenta, adherent placenta, oligohydramnios, mild and severe HDP,
uterine infection and caesarean section. The perinatal outcomes
were small-for-date of the 10th percentile (SFD), IUFD, sex, Apgar
score <7 at 5 minutes, an umbilical artery blood pH <7.1, the pres-
ence/absence of congenital anomalies of the head, eyes, ears, face,
limbs, lungs, heart, intestine, urogenital organs, skin, and skeleton
and chromosome aneuploidy. The presence of chromosomal aneu-
ploidy as indicated by the doctors in filling out the Drim was given
priority over the DrOm.

Potential covariates were maternal age at registration, BMI,
marital status, the presence/absence of IVF-ET, previous live birth,
smoking, education, and income.

2.4 | Statistical analysis

The associations between the number of previous PL and covari-

ates were tested using chi-squared tests for categorical variables.
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Associations between each outcome and the covariates were exam-
ined using Fisher's exact test.

The prevalence of each outcome including the crude odds ratio
(OR) and the 95% confidence interval (Cl) were calculated for O (ref-
erence), 1, 2, and 3 or more PL (as categorized). We conducted both
complete-case analysis and MIA using logistic regression to estimate
the risks of previous PL affecting the adverse pregnancy and peri-
natal outcome. In the complete-case analysis, the unadjusted model
(Model I) was used to estimate the independent effects of the PL
history, and the adjusted model (Model Il) included potential con-
founders in the model, adjusting for the propensity score including all
covariates with P values <.05.242% |n general, it has been found that
propensity score adjustment has the advantages of being less biased,
providing more robust estimates than those of the traditional logistic
regression. An unlimited number of covariates can be theoretically
included in propensity score estimation so that propensity score ad-
justment has been employed when adjusting for a large number of
covariates and widely used in recent observational research.

Adjusted Model Il in accord with Model Il included MIA. Since the
percentage of missing values in Model |l across all variables ranged from
5.2% to 21.1%, prior to conducting logistic regression analyses using
propensity score adjustment, MIA was applied to handle missing data.
Five imputed datasets were created for each outcome, and all variables
that were used in Model lls were included in each imputation model
using the propensity score. Use of MIA is more efficient in most settings
and widely recommended for improving biases within complete-case
analyses.26 Model IV additionally adjusted for covariates related to the
gynecological history in Model Ill. It was speculated that women with
PL could have a greater chance of being diagnosed with a gynecological
disease as a result of frequent ultrasound sonography. Thus, we per-
formed MIA with and without covariates for gynecological history.

All calculations were carried out using SPSS version 23 and 24
(IBM Corp., Japan).

3 | RESULTS

Histories of previous PL were available for 94 658 participants out
of 96 212. Among these women, 77.6% (73 413) had no history of
PL, 17.5% (16 547) had experienced one PL, 3.8% (3633) experi-
enced two losses, and 1.1% (1065) experienced three or more losses
(Table 1). Age, BMI, IVF-ET and previous live births were positively
associated with the number of previous PL. The rates of marital sta-
tus, smoking, education background, and income were influenced
by the number of previous PL. All the listed variables were signifi-
cantly associated with an increasing number of previous PL (Table 1,
P <.0001 for all covariates). In the following analyses, women with
no PL were regarded as the reference category.

3.1 | Modell (crude analysis)

Crude analysis showed a significant association with stillbirth, PL,
PTB (both <37 and <34 weeks’ gestation), placental adhesion, HDP,

caesarean section and a male infant with three or more PL (Model |
in Tables 2 and 3). There was no risk associated with PROM, placenta
praevia, oligohydramnios, abruptio placenta, or uterine infection. No
association with SFD, IUFD, LBW, low Apgar score, low pH, congeni-
tal anomaly, or aneuploidy was observed.

3.2 | Modelll (the adjustment of multiple
covariates)

After the adjustment of multiple covariates with significance for each
outcome, stillbirth, PL, placental adhesion, HDP, caesarean section and
a male infant remained significantly associated with three or more preg-
nancy losses (Model Il in Tables 2 and 3). The significance of PTB (both

at <37 and <34 weeks' gestation) disappeared after the adjustment.

3.3 | Model lll (the adjustment with MIA)

After the adjustment with MIA, a novel increased risk of placental
adhesion and uterine infection was found (Model Il in Table 2). ORs
of placental adhesion increased significantly according to the num-
ber of previous PL. ORs of uterine infection tended to increase with
the number of pregnancy losses and statistical significance was found
in the ORs of three pregnancy losses. No increased risk of adverse
perinatal outcomes such as a congenital anomaly, aneuploidy, neona-
tal asphyxia or SFD was observed (Model Il in Tables 3). Adjusted
OR with MIA were as follows: 1.76 (95% Cl, 1.04-2.96) for stillbirth,
1.68 (1.12-2.52) for PL, 1.29 (1.01-1.65) for PTB <37 weeks, 2.53
(1.17-5.47) for placental adhesion, 1.87 (1.37-2.57) and 1.60 (.99-2.57)
for mild and severe HDP, 1.94 (1.06-3.55) for uterine infection, 1.28
(1.11-1.47) for caesarean section, and .86 (.76-.98) for a male infant
in women with a history of three or more PL (Model Ill, Tables 2 and
3). Regarding stillbirth, ORs tended to be increased and was signifi-
cantly higher with three pregnancy losses. With regard to HDP and
caesarean section, the prevalence for women with three pregnancy
losses was significantly higher. Marginally increased risks were 1.18
(.96-1.46) for LBW. There was no risk of a very PTB <34 weeks, PROM,
placenta praevia, oligohydramnios or abruptio placentae after adjust-
ment. As for placenta praevia, the prevalence tended to increase, but

that of women with three pregnancy losses was not significant.

3.4 | Model IV (the adjustment with MIA including
gynecological histories)

Similar results were obtained with MIA including covariates for gy-
necological history (Model IV, Tables 2 and 3).

The risk of placental adhesion and uterine infection was analyzed
according to the number of induced abortions. The results were sim-
ilar to those in RPL (Table S1).

3.5 | Analysis including multiple participants

In another supplementary analysis to assess the risk as it appears in
a clinical setting where patients present with a range of pregnancy
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TABLE 1 Demographic characteristics of women according to the number of previous pregnancy losses (n = 94 658)

Variables
Age (years), % (n)
<20
20-29
30-39
>40
Missing, % (n)
BMI, % (n)
<18.5
18.5-25.0
225.0
Missing, % (n)
Marital status, % (n)
Married
Single
Divorced
Missing, % (n)
IVF-ET, % (n)
Carried out
Missing, % (n)
Previous live birth, % (n)
Yes
Missing, % (n)
Smoking, % (n)
Never smoked
Quit smoking before pregnancy
Quit smoking during early pregnancy
Current smoker
Missing, % (n)
Educational background (years), % (n)
Junior high/ High school

College/Junior college/Technology
college

University
Graduate school
Missing, % (n)
Income (JPY), % (n)
<200
200-< 400
400-< 600
600-< 800
800-< 1,000
21,000
Missing, % (n)

No miscarriage

(n=73413) One (n = 16 547) Two (n = 3633)
1.5 (1026) 0.3 (52) 0.2 (7)
42.8 (30 278) 29.9 (4,758) 21.6 (759)
52.9 (37 392) 64.4 (10,264) 68.1 (2,388)
2.8 (1971) 54 (859) 10.1 (354)
3.7 (2746) 3.7 (614) 3.4 (125)
16.7 (12 264) 14.8 (2,442) 14.3 (519)
729 (53 368) 74.0 (12,212) 73.1 (2,651)
10.4 (7587) 11.2 (1,852) 12.6 (455)
0.3 (194) 0.2 (41) 0.2 (8)
95.0 (67 516) 971 (15,677) 97.5 (3,457)
4.3 (3068) 1.7 (282) 1.0 (34)
0.7 (518) 1.2 (190) 1.6 (55)
3.1 (2311) 2.4 (398) 2.4 (87)
2.7 (1965) 4.2 (702) 5.2 (188)
0.0 (20) 0.0 (4) 0.0 (1)
521 (38 258) 68.8 (11,354) 76.7 (2,781)
0.0 (18) 0.3 (49) 0.2 (8)
59.4 (42 128) 55.6 (8,952) 53.0 (1,878)
22.3 (15 798) 26.8 (4,311) 26.3 (931)
13.8 (9774) 12.2 (1,969) 13.5 (478)
4.5 (3198) 5.3 (860) 7.2 (254)
34 (2515) 2.7 (455) 2.5 (92)
35.7 (24 974) 36.7 (5,809) 39.2 (1,356)
41.8 (29 258) 43.1 (6,829) 42.3 (1,465)
20.9 (14 613) 18.8 (2,981) 17.5 (607)
1.5 (1079) 1.4 (214) 1.0 (35)
4.8 (3489) 4.3 (714) 4.7 (170)
57 (3720) 54 (802) 5.2 (168)
34.9 (22 736) 33.2 (4,943) 31.9 (1,031)
32.8 (21 382) 33.7 (5,016) 329 (1,065)
15.8 (10 269) 16.4 (2,446) 18.1 (586)
6.6 (4295) 6.6 (984) 7.0 (228)
4.2 (2728) 4.6 (684) 4.9 (158)
11.3 (8283) 10.1 (1,672) 10.9 (397)

Three or more

(n =1065)

0.3 (3)
15.5 (158)
67.9 (694)
16.3 (167)
4.0 (43)
14.5 (154)
72.7 (773)
12.9 (137)
0.1 (1)
96.4 (1,004)
0.9 9)
2.7 (28)
2.3 (24)
9.4 (100)
0.0 (0)
79.0 (840)
0.2 (2)
52.4 (543)
29.7 (308)
111 (115)
6.8 (71)
2.6 (28)
421 (426)
41.8 (423)
15.0 (152)
1.0 (10)
51 (54)
6.7 (64)
30.5 (292)
Sk (324)
16.4 (157)
8.3 (79)
4.3 (41)
10.1 (108)

CWILEY--2

P-value

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001

BMI: Body Mass Index, IVF-ET: In Vitro Fertilization-Embryo Transfer, JPY: x10 000 Japanese yen, 1US$ = 103JPY, as of September, 2016, P-value:

Fisher’s exact test.

"Histories of pregnancy losses were not available for 1554 participants out of 96 212.



SUGIURA-OGASAWARA ET AL.

WILEY—§£R

60of 14

(sanujauo))

Saljewoue UL
1e31ua8u0) ‘SISoAwouapy ‘Sploaqly auldlN
“‘s|so3awopud ‘sipaydau o1uoay 4ad|n
2113SEe9) ‘SI9PJoSIp A1aIXUY ‘eluouoInesAqg
‘uolssaidaq ‘aseasip 34eay |e3uasuo)
‘aanssaud poo|q y3iH ‘sajaqgelp |euoije}san)
‘INAAdIN ‘Wadai ‘v ‘31s ‘eseasip uade|jo)
‘sijzewsq a1dojy ‘L YV ‘(dwodul pjoyasnoH)
‘uoizeanp3 ‘Supjows ‘NG ‘Sniels |ejleln 98y

siIsoAwouapy ‘NAdIN
‘U11q 9A1| SNOIABU ‘L YV ‘BUuBjoWs ‘|INgG 98V

S131102 aA13EIRI|N ‘@8Y

SISOAWIOUDPY “422|N J1d3seD)
‘aseas|p xn|JaJ [eageydosa043se ‘NAdIN
‘Y1 SA| SNOIASId ‘LYY ‘BUBIOWS ‘|Ng 98V

9102s Ajisuadoud ul papnjoul sajeleAo)

(r9t1e)
29'T-660
¥Z'T-€6'0
S0'T-06'0

(z8c2)
9T
v¥'1-18°0
0'1-S0'T

(¢s0€)
¢0'v-68°0
€€7-6€°0
18°1-90°T

(9+92)
€8°C-S0'T
Z8'1-L60
7'1-66°0

€€
(2T
L0°T
L60

T
v'c
€L'T
80T
1T
T
(4
68'T
890
8€T

T
8¢
cL'T
€eT
81T

I
Al

|]opow uonendu
3[dinA

(r91e)
S9'T-10'T
LTT-¥60
90'T-06'0

(¢822)
TS°TTTT
9t'1-28°0
10T

(¢s0€)
¢0'v-68°0
€€1-G€°0
18°1-90°T

(9¥92)
96'T-0'T
¥8'1-L6°0
17660

€€
6C'T
60°T
860

v'c
89T
60'T
1T

¢t
68'T
890
8€'T

8¢
9LT
veT
81T

T
11

|apow uonjeinduwi
a|dniny

12%56 ‘40 P3jood

(998 91)
19'T-¥6°0
61°'1-G8°0
S0'T-88°0

(8€26)
09°€-v€'T
z0'Z-101T
L9THT'T

(£268)
05'8-18°0
80°€-0v'0
€TE-VET

(ceeo)
G9°€-€TT
S1'C-€0'T
LS'T-€0'T

ST (eLT¥) o
€TT  ¥61-0TT ST
10T TTLOT  €TT
960  YI'T-L60 S0'T
T T
96 (evee) se
0z  8TEVYT 81T
€T 8LT-00T  vET
8ET  9STITT  vET
1 1
€6 (760%) o
€9C  8EVL60  90C
T 671680 920
60T  €8T-60'T W
1 1
L6 (€£9¢) g€
T e9eLET €TT
67T 8TT9TT 65T
ZT  LST-OUT €T
1 1
I119POW 112POIN
12%56 ‘40

(Szot/eL)
(ze5€/902)
(92T 91/018)

(9S€ TL/6T¥E)

(T701/¥2)
(€£5€/19)
(60€ 9T/¥€7)
(9v61L/TLL)

(#20T/L)

(Tese/6)
(TST 91/94)

(cT¥ 1£/8€7)

(r€0T/LT)

(¥95€/2¥)
(€T 91/85T)

(80LTL/¥ES)

TL
8'q
0's

8y

€cC

T

7T

1

L0

€0
S0

€0

9T

[
0T

L0

(u) ‘9% @ouajeAald

(U) % ‘BuissiN
224y
om]

auQ

ON

(U) % ‘BuissiN
994y |

OM]

[uQ

ON

(U) % ‘BuissIN
EEIVER

oM ]

auQ

ON

(U) % ‘BulssIN
934y

OM|

auQ

ON

$3550|
Adueudaad
Jo JaquinN

uo11e3s93 SHoaM
£E>YHIQ Wis3ald

sso| Aoueu3aud

uoljeysad
s)¥oaMm zT>a3eu
-Jedsiw Aje3

uoljeysad

S EEN Y o4

<yiqjias pue
o8elu eds|w 33e7

s2ss0| Aoueudaid snojaald 4o Jaquinu 8y} 03 uIpJ0IdE USWOM JO SWODINO0 d1IRISqO ¢ 319VL



70f 14

—WILEY

o

SUGIURA-OGASAWARA ET AL.

(sanuijuo))

siISoOAwouapy ‘1 YV ‘Supjows @8y

ewyjse [elyououg ‘uolssaidaq ‘sa1aqelp
[BUOIIR}SID) “Y3JIq 9AI] SNOIABI] ‘1 YV
‘(wodul pjoyasnoH) ‘|INg ‘Shiels |elleln

SJowin} UeHeAQ
'SpIoJql) aUlIdIN ‘SISol}daWopuUT ‘sajaqelp
[BUOIIEISDD) ‘| YV ‘@WO0dUl ployasnoH ‘@8y

SISOAWOUSPY ‘SPIOAqI} dULIdIN ‘@SeasIp
}eay [ejuasuo) ‘elwauy ‘INAAI ‘3TS ‘YHIq

JAI| SNOIADI ‘1 YV ‘(dWOodUl p|oYyasnoH)

‘uoijeanp3 ‘Supjows ‘sniels [ejel ‘98y

SODd SIsoAWoUSpY ‘sploiqly SulIsIn
‘sisoLiawopus ‘silydau duoay) UaAl Ayeq
492|Nn J143seD) ‘anssald poo|q YsiH ‘sajeqelp

[euoineIsan ‘INAdIN ‘Wadal ‘IS ‘Lav
‘uoi3eanp3 ‘Supjows ‘NG ‘snieis |ejleln 98y

2102s Ajisuadoud ul papnjoul sajelieAo)

(ozte)  T¢e
00€-990 I¥T
€8'T-0L0 €TT
€5T-660 61T

T

(ozte)  ze
v¥'2-060 84T
69'1-560 LT'T
92'1-€60 80T

T

(ozte)  T¢e
veZ-0L0 LTT
60'Z-80'T 0S'T
16'T-20T  +2°T

L

(ozte)  Te
'1-680 CUT
LTT-T60 €0T
20T-060 960

-

(vore) g€
122-060 P71
091260 1TT
€2°T-060 SO'T

L

Al

|opow uornyeinduwi
a|dnniN

(ozte)  T€
YT'€-690  L¥T
€8'1-00 €TT
65'1-560 1TT

T

(ozte)  T€
Y¥'2-060 8¥'T
69'1-560 LTT
92'T-€60 80T

T

(ozte)  T€
9v'Z-€L0 VET
LTTTTT 95T
€ST-¥0T  9TT

T

(ozte)  T¢€
6£T-680 TITT
LTT-T60 €07
20T-060 9610

T

(r91€e) €€
€2C-260 €Y1
19'7-€60 ¢C'T
€2T-060 SOT

T

11
|1opow uonendui
3|dnA

12%56 4O p3|jood

(61176)
€6'C-LS°0
SLT-€9°0
61°1-68°0

(6T €1)
8T°2-69°0
SLT-S6'0
STT-06'0

(¥18 GT)
9¥'¢-69°0
90°C-10'T
€9°1-¢0'T

(828 971)
9€T-¥8°0
12 T1-€60
20'T-68°0

(€T€ TT)
S0'C-£9°0
95'1-18°0
LTT-68°0

86 (T€TH) ey
0T  §5°€-6L0 9T
SOT  TOTLLO T
STT  €9T-00°T 8z'1T

T T
8'€eT (TeTY) ey
TTT  S6TTLO 8T'T
62T  €¥T-080 L0'T
90T  ETT-€80 160

T T
7’91 (T€TP) ey
0T  12°€-960 9LT
vrT  LSTYET 98'T
STT  89TYIT 6€'T

T T
SLT (TETY) ey
0T OT'T-TL0 060
90T  660-8L0 88°0
60 T60-28°0 L8°0

T T
8Tl (eLT¥) ey
LT'T 88T-0CT 98T
Tt T6TITT or'T
90T  9€T-00'T 9T'T

T T

11 12PN 119poiN
12%56 ‘40

(scot/L) L0
(eese/8T) S0
(TET9T/¥8) SO
(c6e1L/26C7) V0

(szot/91) 91T
(eese/08) ¥
(ter9t/L02) €71
(c6e TL/IVVE) €T

(szot/tT)  TT
(eese/or)  TT

(TET 9T/LET) 80
(c6€1L/8€%) 90
(5zo1/98)  ¥'8
(eese/162) T8
(TET 9T/STET)  T'8

(c6€1£/2299) €6

(szot/T12) 0T
(cese/Ls) 91
(921 91/207) €T

(9s€ TL/€64) 1

(u) ‘9% @ouajeAald

(U) 9 ‘BuissiN
924y

om|

Elile)

ON

(U) % ‘BuissiN
924y

OM]

[uQ

ON

(U) % ‘BuissiN
224y

oMm|

Elile)

ON

(U) % ‘BuissiN
924y

OM]

Elile)

ON

(U) % ‘BuissiA
924y

OM]

auQ

ON

$3SS0|
Adueu8aad
Jo JaquinN

(PanuRuOD)

aejuade|d
ondnuiqy

soluwelpAyosiio

einaeld ejuaoeld

aueJquaw
4o 2unydnu
ainjewald

uol1e}593 SHooM
7€> YHIq wisiald

¢ 1149vl



SUGIURA-OGASAWARA ET AL.

WILEY—§£R

8 of 14

(sanuijuo))

SISOLIBWOPUT ‘Y3diq aAl|
SNoIASId ‘LYY ‘U0IEINPT ‘|ING ‘SNIEIS [eIelN

SODd ‘saljewoue

auLIdIN [e3IUasuU0)) ‘SpIoJql) aulIdIN

‘si31aydau d1uouyD UaAl| A33ed ‘|odalsajoyd

y31H ‘@4nssaud poo|q y3iH ‘elwauy
‘INAAIN ‘Y3iq dAl| SNOIASI LYV ‘IINgG 98V

SISOAWoUapY ‘SpIoiql) auldlN ‘siydau

21u04yD UaAl| Al3e4 ‘aunssaud poojq

Y314 ‘elwauy ‘wsiploJAyliadAH ‘sajaqelp

|euoiie1san ‘INAdIN ‘INadl ‘ewyise

|elyouo.g ‘Yidiq Al SNOIAaId ‘1 YV ‘(Pwodul
PloyasnoH) ‘uolzeanp3 ‘Subjows ‘|Ng 98V

SODd
‘Saj|ewoue auliain [ejuaduo)) ‘SisoAwouspy

‘sIsolI3awopul ‘wsIploJAyIadAH ‘1YY 93y

9102s Ajisuadoud ul papnjdul sajerieno)

(cvea)
659°€-L0'T
70'¢-96'0
9€'1-06'0

(ocTe)
¥9°2-00'T
ZT'T-09°0
ZTT-L8°0

(oz1€)
9G°C-8€'T
9€°'1-88°0
90°'T-¥8°0

(ozte)
¥0'5-80'T
28'C-56'0
¥9'T-¥8°0

4
96’1
or'1
11

¢
€9°T
G8°0
€0'T

ce
88T
0Tt
§6'0

¢t
€€°¢C
¥9'1
LT'T
T

Al

|9pow uornyeinduwi
a|dnin

(cvee)
GG'€-90'T
£0°C-L60
9€'1-060

(octe)
152660
121650
€2'1-88°0

(oz1€)
S9'C-LET
9€'1-88°0
90°'T-¥8°0

(octe)
LY'S-LTT
86'C-10°T
TLT-88°0

€¢C
76’1
4
T

ce
09T
¥8°0
70T

(4
(8T
0Tt
60

¢t
€S°C
VLT
€C'T
T

11

|apow uonjeinduwi
a|dninN

12%56 ‘4O Pajood

(SOvL)
8¢'€-08°0
€6'1-€8°0
€€'7-98°0

(c688)
80°2-08°0
80'T-€5°0
¥1'1-08°0

(929 91)
8LT-9%'T
LE'T-98°0
LOT-¥8°0

(£948)
T8'S-vT'T
¥1'€-L0°T
0LT-¥8°0

LL (soeeg) v'e
¢9'T  097¢-8L0 ev'l
9¢'1T 65°1-S£°0 60T
90'T ST'T-LL0 60

T T

cé (TETY) 1984
6C'T C6CETT [4: %
S0  €€7T-990 €60
960 6C°1-¢60 60'T

T T
oA (TETY) 4
¢0'c  9S°T6€1 68'T
60'T 9€'1-68°0 0Tt
G560 90'T-¥8°0 60
T T

16 (TETY) ev
69°C  66'9-€S'T LT°C
€8T S'E-6T'T €0°C
0ctT 98°'1-G6'0 €e'l

T T
11 1°POIN 1 ISPON
12%S6 4O

(T¥0T/11)
(vLS€/6T)
(cTE 91/¥11)
(086 T£/5€9)

(5zot/8T1)
(eese/ce)
(TET 9T/TLT)
(c6€ T£/569)

(sz0T/PY)
(€€5€/06)
(TET 91/¥5€)
(¢6€ TL/659T)

(szot/L)
(€€5€/ST)
(TET 9T/SP)
(¢6€ T£/0ST)

T
80
L0
L0

8T
60
T
0T

€Y
S'¢C
cc
€¢C

L0
7’0
€0
(Al0)

(u) ‘9% @duajeAald

(U) % ‘BuIssIN
924y

oM

Elile}

ON

(U) % ‘BuissiA
924y

oM

Elile}

ON

(U) % ‘BuIssIN
EEIIVER

oM]

Elile}

ON

(u) % ‘BulssIN
994y |

oM

Elile}

ON

$95S0|

Adueu8aad
Jo JaquinN

uol13234ul dULIAIN

(219n95)

Adueudaud

JO sJapJosip
9AISUSLISdAH

(pJtw) Adueudaud
JO suapuosip
SAISUSLISdAH

uoisaype
|e3uad€|d

(penunuod) z 3714VL



9 of 14

—WILEY

o

SUGIURA-OGASAWARA ET AL.

SIown] UDLIDAQ

‘sal|ewoue aul1aln [euasuo) ‘SISoAwouapy

‘sploiqi} auLaIn ‘sisolizswopuy

‘sipydau o1uoayD UsAl| Ayzeq Yaoin

[puapon( ‘492|N J11)Se5) ‘SI1IISDL) ‘9Sbasip

XnjjaJ [paBbydosao.ispo) ‘Siapaosip AlaIxXuy

‘uoissaida(g ‘aseasip 14eay [e11uaduo) ‘940115

‘aunssaud poo|q y3iH ‘wsiplolAyjodAH

‘se1aqelp [euonieIssn ‘NAddIN ‘inadal

‘WY ‘37S ‘@spasip uasp|(o) ‘buyisp [piysuoig

‘sipijeuwta 21doly ‘| YV (dWodul pjoyasnoH)
‘uoneanp3 ‘Supjows ‘[|Ag ‘Sniels |ejle|n 98y

9402s Ayisuadoud ui papn|oul sajeLieno)

(09t€)
v¥'1-80°T
SCT'T-90T
£L0'T-86'0

9°€
ST
ST'T
€0'T
T

Al

|opow uoijeinduwii
a|dniny

(09t€)
LV'T-IT'T
LT°T-80°T
80°T-66'0

9°€
8C'1T
LT'T
€0'T
1

11

|9pow uoizeinduwi
a|dnin

12%56 ‘40 P3jood

‘Al I9POIA PUE ||| [9POIA W01y PIPN|OXa 319M DIjb3I Ul SIapJosig
‘[opow uoijeindwi-a|di3jnw aYy3 Ul PAPN|IUI JOU SEM () SWODUI P|oyasnoH
"[EAJSIU| 3OUSPHUOD %56 [1D%S6 “OlIeY SPPO WO
*G0"0 4O [2A3] 2duEeDIUSIS [BD13SIEYS B PaJEDIPUl 9DBIP|Oq Ul SAN|EA
‘|11 |9pOW 3y} 0} pappe a1aM (S91elIBAOD paullIapun) A103sly [ed180]003UAS Jn0qge sa1elieA0D) Al [OPON

‘]opow uoneindwi a|diznw uo paseq s2402s Ajisuadoud 3uisn [apow paisnipy

[9POIN

‘sisAjeue ased 9319|dwod uo paseq s2402s Aysuadoud 3uisn |spow paisnipy || [9POIA
‘]apow pajsnipeun | [9pojN

(680 £1) 811 (covv) 9y
¢STETT €T  CT6T-97T L9°T
vCT1-v0'1 ET'T  TST-0€T or't
60'T-660 70T  0CT'T-0T'T ST'T

T T
I1ISPO 1 1SPON
12%56 ‘4O

(610T/LL2) T'LT
(vzse/ors)  8€c
(T80 91/842€) '0C
(9T TL/8L6TCT) T'8T

(u) ‘9 @dU3[eARId

(u) % ‘BuIsSIN
EEIIVE

OM|

Elile}

ON

$9SS0|

Adoueu8aud
Jo JaquinN

(panupuOD)

uol31d9as
uealesse)

¢ 3719Vl



SUGIURA-OGASAWARA ET AL.

WILEY—§£R

100f 14

(sanuiuo))

sisoAwouapy

‘sploaqlj auldN ‘9seasip s,uyot) ‘aunssaud

poojq ysiH ‘INAdIN ‘Naai ‘siirewssq didory
‘Y31q 9A1| SNOIABUG ‘L YV ‘BUuBjoWS ‘|INgG 98V

ejuwouo}NesAQ ‘sa3aqgelp [BUOIIB}SDD

Sallewoue aulan [e1ussuo)

‘SISOAWIOUSPY ‘Sp10Jql) dulIa)N ‘SISOLIIaWopuU]

‘QWOo4pUAs a130aydap ‘siraydau a1uoayd

‘siapJosip A3aIxuy ‘uolssaidaq ‘9seasip Jeay

[epuasuo0) ‘anssaid poojq YsiH ‘INAdIN VY

‘375 ‘aseasip uade||oD ‘Yiq dAI| SNOIARIG 1YV
‘uolyeonp3 ‘Sunjows ‘[N g ‘sniels [ellel 98y

SISoAWoUapY ‘|INg @8V

S0ODd ‘sisoAwouspy

‘aseasip 3eay |eyuaduo) ‘aunssaid poo|q y3iH

‘elwauY ‘INAQI ‘37S ‘9seasip usge||oD ‘Yuiq
9Al| SNOIA3U ‘Supjows ‘[INg ‘shiels |ellie|n 98y

9402s Ajisuadoud ul papn|dul sajeLieno)

(8L6/S)
(r9€°€/22)
(Le€'ST/LTT)
(885°£9/61¥)
(r€0'T/€6Y)
(£85°€/¥¥8°T)
(612°91/20%'8)
(00£'T£/¥08°9€)
(#20°1/201)
(6z5'€/12¢8)
(STT'9T/¥LT'T)
(00€T£/150°9)
(170'1/8)
(b£5'€/9T)
(1€'91/08)
(086°TL/¥62)

(S20'1/88)
(825€/90€)
(901°91/98%°T)
(T£T'TL/0LE°L)

S0
L0
80
90

L'y
8'1S
8'TS
€18

0’01
16
6L
G'8

80
7’0
S0
0

9'8
L8
c6
€01

(u) ‘9% @dU3[eABId

(ST0'8) €8 (ST0'8) €8 (¥8TvT) LT (S¥6'8) €6
18'T-1€0  #0 ¥8T-1€0 90  65T-9T°0 150 66'T-¥€0 z8°0
G§'T-69°0 00T  $ST-¥90 00T  ¥9T-£90 SOT  29T1-690 90T
V'T-L60 61T 67'1-860 0T +57-00'T ¥T'T 1ST-00T €T

T T T T

(929'7) 8T (9£9°2) 8T (£86'F) TS (coL'e) 8¢
86'0-9L0 980 860-9L0 98'0 86'0-LL0  L[80 860-9L0 980
60T-G60 20T  60°7T-560 20T 60°7-560 20T 60'1-560 20T
907-660 ¢OT 90T-660 0T  SO'T-860 20T  SOT-860 20T

T T T T

(9ez'e) e (9ez'e) r'e  (8EV'TT) 61T (P¥T'y) vy
SPT-660 LTT  [b'1-860 0T L¥1-5610 8T'T  LV'T-L610 6T'T
0T'1-560 90T  €TTL60 60T 8T'T-T60  $0T T1T1-960 80'T
86'0-98°0 T60 660-L80 €60 860-98°0 T60 66'0-L80 €60

T T T T

(eve'e) €t (eve'e) €T (596'9) L (soe‘e) v'e
TT€-9L0 €ST  9T'€-9L0 GS'T  ZT'€-SL0 €S'T T8'E-€60 68'T
€5°T-650 260 95°T-950 60  85°T-LS0 S60 T8T-99°0 0Tt
r'1-980 ITT  T¥'1-98°0 OTT €¥'1-980 ITT  #ST-¥60 0z'T

T T T T

(€Lz'e)  ve (eLz'e) r'e (rzT'om) sot (z8z'h) Sy
9Z'1-180 10T  €TT-6L0 860 ¥T'1-8L°0 660 10T-59°0 18°0
60'T-580 960 80'1-58°0 960 LO'T-¥8°0 S60 €60-€L0 T80
Z0T-160 960 COT160 960 €0T-160 L60 €60-€8°0 880

T T 7 7
Al [3powt 111 19pow 11 I3PO 1 19pPoN
uoneindwiadiniy  uonenduwi sdniN
12%56 ‘40 p3jood 12%56 ‘40

(u) % ‘Buissin
EEVN

oM|

Elile}

ON

(u) % ‘SuIsSIN
EEIVER

OM]

Elile}

ON

(u) % ‘BuIsSIN
EEVI

OM|

Elile}

ON

(u) % ‘BuissiN
994y |

OM|

Elile}

ON

(u) % ‘BuIsSIN
EEIVER

oM|

Elile}

ON

S3s50|
Adueusaud
Jo JaquinN

sasso| Aoueudaid snojaald Jo Jaquinu ay3 03 SUIPJOIIE UBIP|IYD JO SWODINO [BIeulidd

a1nuiw
Gie

/> 9102s
Jeddy

SlEN

8005¢>
y31om

Y1dig Mo

aiant

ais

€ 37avl



110f14

~WILEY

o

SUGIURA-OGASAWARA ET AL.

SISOAWIOUSpPY
‘Sp1oaqiy auralN ‘uolssaidaq ‘sajaqerp
|euoI}eIsan ‘ydiq dAI| SNOIASI ‘Sujows 98y

SISOAWOUSPY ‘SPI0Jql} SULISIN ‘OWOIPUAS
|oMoq a|gelld| ‘silises ‘uolssaidaq
‘aseasip 3deay [eyusaduo) ‘aunssaud poo|q y3iH
‘wsiplotAyjodAH ‘wsipiotAyiadAH ‘sajaqelp
|euoi1e1san ‘|IA@dal ‘@seasip aunwwioiny

1YV ‘(pwooul pjoyasnoH) ‘uoizeanp3 ‘|Ng 98V

9se3sIp S,uyosd)
‘BlWaUY ‘INAAIN ‘YHIg 2A1| SNOIASId ‘LYY

9102s Ajisuadouad ul papnjoul sajeleAo)

‘[opow uoijendwi-a|di3nw sy Ul papN|dUl J0U SBM () SWOdUl P|OYaSNOoH

"yiesp |e394 duaINeIIu| ‘G4 N ‘93.P 404 ||BWS ‘A4S {|BAISIU] 9IUSPHUOD %56 ‘1D%S6 0138y SPPO MO
*'G0°0 0 [9A39] 2ouedIUSIS [BD13S13B)S B PaleDIpUl 92B)P|OC Ul SaN|eA

| [9pOW 3y} 0} pPappe aJaM (S91BLIBAOD paullapun) A103siy |eD2180[029UAS JnOqe SajelIBAOD) A] [9POIN
‘[opow uonendwi ajdiznw uo paseq s2402s Aysuadoud 3uisn [apow paisnipy ||| [9POIA

‘sisAjeue ased 939|dwod uo paseq s2402s Aysuadoud 3uisn |opow paisnipy || [9POIAl

‘]spow pajsnipeun | [9poN

(€80°€) (A (€80°€) (A (Tst'6) 8'6 (760Y) 04 (U) 9% ‘SulssIN

1€C-ST0 650 9¥C-STO 19°'0 8SC-9T0 €90 €0¥-5C0 00T (520°1/2) (40 d3lyL

89'T-0¥°'0 2780 ¥9T-6€0 080 8S9'T-¥€0 €0 9€7TLS0 91T (ee5°e/8) z0 oML

6E°T-L9°0  L60  TY'T-69°0 660 LET-59°0 60  CLT-¥8°0 0T (9€1°91/8¢€) (AL auo
T T T T (Vey'TL/0%T) [A0) ON Aplojdnauy

(S05'Y) VA 4 (S05*Y) LYy (ev1Lm) 8Ll (S8¥°G) L'S (U) % ‘BuissiN

9T'1-08°0 960 91'1-08°0 960 8T'T-080 L60  9CT-/8°0 Y01 (STO'T/62T) LTT 93yl

STT-¥60 +vOT  STT-#60 ¥0T  €TT-160 10T 1C'1-660 60T (¢6v'e/19Y) el om|
90'7-960 TOT 901-960 I0T  90'7-S60 T0'T 60'7-860 €0'T (668°51/700°C) 9°CT U0 Ajewoue
1 T 1 1 (TTe'0L/L09°8) (4" ON [e3uaduo)

(£86'81) €61 (£85°8T) €61 (,e€'02) 74 (9ze'61) T0C (U) 9% ‘SulssIN

LTT¥90 0TT LTTY90 0CT €T¢CLS0 OT'T +81-¢S0 860 (T£8/01) TT 93yl

TLT-£8°0 ¢C1 TLT-L8°0 ¢Cc’T  ¢LT-980 ¢cT 9Y'1-SL0 70'T (L¥6'T/9€) ¢l oMl

6€7-860 9TT 6€T-860 9T'T 8ET-860 9T'T ¥C'1-88°0 SO0'T (SPS‘€ET/991) (A" auo
T T T T (€25°65/L69) Al ON T'/>Hd

Al 13pouw 11l [3pow 11 1I3PON 113PON (u) ‘% @dus|eAs.d $9s50|

uonendwi sydinyy  uoneindwi ajdiy Ny Adoueusaid

JouaquinN

12%56 ‘4O P3jood 12%56 ‘4O

(penunuo)d) € 374VL



SUGIURA-OGASAWARA ET AL.

12 of 14 WI LEY—‘AJRI ]

histories, we incorporated 5586 children whose mothers par-
ticipated in the JECS for the second or third time. When a total of
101 798 participants were analyzed, 17.7% (17 733) had experi-
enced one PL, 3.9% (3907) experienced two losses, 1.1% (1131) ex-
perienced three or more losses and 77.3% (77 434) had no history
of PL (100 205 participants whose data about pregnancy loss were
available, missing, 1593, Table S2). ORs for rare outcomes displaying
marginally significant increases in Tables 2 and 3 yielded statistical
significance. Adjusted OR with MIA were as follows: 1.36 (1.08 to
1.71) for PTB <37 weeks' gestation, 1.61 (1.00-2.58) for oligohy-
dramnios, 1.99 (1.05-3.79) for abruptio placenta and 1.23 (1.01-1.51)
for a LBW (Model Ill, Tables S3 and S4).

4 | DISCUSSION

The present study revealed no risk of a congenital anomaly, ane-
uploidy, neonatal asphyxia, or SFD related to RPL.

The absence of RPL effect on congenital anomalies concurs
with the results in RM reported in the PROMISE trial.?” Our
results showing the lack of risk of the aneuploidy were not at-
tributable to noninvasive prenatal testing (NIPT) or preimplanta-
tion genetic test of aneuploidy (PGT-A). NIPT is permitted only
for research purposes by the Japanese Association of Medical
Sciences. RPL does not meet NIPT criteria. In addition, PGT-A is
prohibited by the Japan Society of Obstetrics and Gynecology
for ethical reasons.

We found a novel significant association between RPL and uter-
ine infection and placental adhesion. The risk might be due not to
RPL pathology but to surgery because the results of analysis accord-
ing to the number of induced abortions were similar to those in RPL
(Table S1) and 79.4% of facilities use curettage at induced abortion
in Japan.?® Surgical management of the miscarriage using curettage
is mainly selected.

The supplementary analysis including participants for the second
or third time revealed increased risk of PTB <37 weeks’ gestation,
oligohydramnios, abruptio placenta, and LBW. A recent retrospec-
tive study comparing 2030 patients with RM and 28 023 partici-
pants with no RM showed an increased risk of PTB and perinatal
death after adjustment of covariates but no significantly increased
risk of LBW, low Apgar score, congenital anomalies, or aneuploidy.*°
A historical study with 732 719 nulliparous women who had a first
live birth showed that women with RM were at the greatest risk
(adjusted OR 1.73; 95%CIl 1.57-1.90) and the greatest association
was with extreme PTB (24-28 weeks, adjusted OR 3.87; 95%Cl,
2.85-5.26).%

The present study found no association with a PTB <34 weeks
or PROM after MIA in contrast with previous studies.'?"” Further
study with the use of MIA is necessary to confirm this association.

HDP and caesarean section were both associated with RPL. This
is in line with the results of a population-based study with 154 294
women, which indicated an increased risk of caesarean section,

placenta abruptio, and hypertensive disorder after two or more

miscarriages.!” Recently, 472 variants in 187 genes have been re-
ported to be associated with RPL. A meta-analysis revealed a sig-
nificant association between RM and 21 genetic variants with ORs
.51-2.37.2? Common risk alleles such as annexin A5 might influence
both HDP and RPL.3%3!

Finally, women with three or more PL had a lower tendency to
have a male infant on the index pregnancy

A previous study proved that boys were significantly more com-
mon than girls among births prior to a secondary RM and the chance
of a live birth after RM is lower in those with a firstborn boy com-

pared with a firstborn girl.3?

The study also revealed that birth of a
girl was a significantly more common outcome of a live birth after a
secondary RM, and that the maternal carriage of male-specific H-Y-
restricting HLA class Il alleles was associated with the reduced birth
rate of boys.

The major limitation was that there was no distinction among
different etiologies for RPL, nor whether interventions were per-
formed. The prevalence of early miscarriage was only .36% because
many of the participants were recruited after 10 weeks’ gestation.
Thus, it was one of the limitations that the early miscarriage and
pregnancy loss results might not be reliable.

The present study represents the largest nationwide birth co-
hort study in Japan. The results are reliable because pregnancy and
delivery information was drawn from medical records by doctors
and research coordinators. The comparisons between complete-
case analyses and MIA allowed for a relevant sensitivity analysis
to quantify the risk of a response bias. MIA allowed for a reliable
estimation of the results and helped to minimize the risk of bias.
ORs tended to be lower after the adjustment with MIA when they
were compared using Model Il and Ill. Many of covariates included
in propensity score increased the rate of missing data, which might
lead to over-adjustment in Model Il. Thus, MIA might insure the
stability of the results in Model Ill, compared with those in Model
1. On the other hand, there were no remarkable differences were
observed in the results of Model Ill and Model IV, suggesting few
effects from covariates related to the gynecological history. We,
therefore, assumed that the results of Model Ill as the most im-
portant and reliable estimation minimizing the risk of bias.

This information, especially the finding that there was no in-
creased risk of a live birth with a congenital anomaly or aneuploidy in
women with a history of RPL as compared to women with no history
of pregnancy loss, could encourage women who might hesitate to
attempt a subsequent pregnancy. Many patients with RPL are afraid
that their baby will have an anomaly because an abnormal embryonic
karyotype is the most common cause of RPL.
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