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About mlscarrlages congenital anomalles
and the results of the Preghancy and Birth Survey
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Professor and Chair, Department of Obstetrics and Gynecology, School

of Medicine, FMU
Director, Office of the Pregnancy and Birth Survey, Radiation Medical

Science Center for the Fukushima Health Management Survey, FMU
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Do you know ?

How often do you think miscarriages occur?

(average for mothers of any age)

@ 0.1~0.5%
@ 0.5~1.0%
3 1~5%

@ 10~15%
® 20~30%



Do you know ?

Which do you think is the most common cause of
miscarriages?

O Chromosomal abnormalities in fertilized eggs

(@Endocrine disorders (glucose intolerance, thyroid dysfunction, etc.)
3 Autoimmune disorders (antiphospholipid syndrome, etc.)
@lIntrauterine infection

(®External factors such as drug use and exposure to radiation



Do you know ?

How often do you think of congenital anomalies occur?

(average for mothers of any age)

@ 0.1~0.5%
@ 1~2%

3 2~3%

@ 5~10%

® 10~20%



Do you know ?

What do you think is the most common cause of
congenital anomalies ?

@ Chromosomal abnormalities in the fetus
2 Single-gene disorders

@ Multifactorial genetic disorders

@) Drugs

(5 Environmental factors (radiation exposure, etc)



Definition of abortion

* |n Japan, termination of pregnancy before 22 weeks
—Induced (artificial) abortion
—Spontaneous abortion

40 weeks 0 days (expected delivery date)

12 22 37 42weeks

early miscarriage| late miscarriage| preterm birth full-term | post-term birth
birth

stillbirth



About the spontaneous abortion rate

Occurs in 10-15% of clinically confirmed pregnancies
Two or more miscarriages occur in 1-2% of women who get pregnant

Three or more miscarriages occur in less than 1% of women who get
pregnant

Hironobu Hyodo, Prenatal Genetic Counseling:
Workbook in Perinatal and neonatal Medicine, 3rd Edition, p6-9, 2024

15% of clinically confirmed pregnancies end in miscarriage

38% of pregnant women experience miscarriage(s)
Guidelines for Obstetrical Practice, 2023 edition

The frequency of miscarriage is greatly dependent on the mother's age
15% or less for those aged 30 or younger, ~20% for those aged 35,

~40% for those aged 40, and ~80% for those aged 45

Essential knowledge for obstetrician-gynecologist specialist, 2022 edition



Number of babies born per year from advanced ART g2001-2022)

022
IVF cycle 2,183
ICSI cycle 2,822
Frozen embryo cycle 72,201

80,000
WFETHA&R wmIcSIE&ER mIVFE&ER
70,000
FET newborn ICSI newborn IVF newborn
# 60,000
(0]
f 50,000
C
40,000
a
S
e 30,000
S
20,000
10,000
0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

In 2022, the number of births in Japan from ART was 76,706. Total number of births: 770,759. Thus, 1 in 10.0 births.

(ART: Assisted Reproductive Technology, FET: Frozen Embryo Transfer, ICSI: Intracytoplasmic Sperm Injection,

. I From the website of the Japan
IVF: In Vitro Fertilization and Embryo Transfer)

Society of Obstetrics and Gynecology
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Number of treatment cycles in advanced ART in 2022

50,000

45,000

40,000

35,000

30,000

25,000

20,000 -

15,000

10,000

5,000

p
The peak age for
-o=-Fa ;8 [E 2%k 543,630 Total # of treatment cycles treatment is 42 years

-0-FoHEE BA%k 291,611  # of transplant cycles

b BRE BA%k 105,233 # of pregnancy cycl

-0=4 i E HA%K 75,172

f The peak number of W /
_ cycles leading to birth { \
1§ occurs at age 37 \ \

’Q'»"'"0'9"1?'15"&'9'ﬁ"@@%“’%”%“’%“‘%"%b@%‘b@@v\/@'»?’&‘@@&\&b@\_l\ry
S
S

Age (years)

From the website of the Japan Society of Obstetrics and Gynecology



Advanced ART: pregnancy, birth, and miscarriage rates in 2022
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With age, the pregnancy rate decreases while the miscarriage rate increases.
From the website of the Japan Society of Obstetrics and Gynecology




Causes of miscarriage

Cause classification Details of causes

Fetal side Abnormalities in fertilized egg (mainly chromosomal abnormalities)

Abnormalities in fetal structure
Abnormalities in placenta, amniotic membrane, umbilical cord
Multiple pregnancy

Maternal side Abnormalities in uterus (uterine malformation, uterine fibroid,
adenomyosis)
Incompetence cervix
Infections (intrauterine infection, systemic maternal infection)
Endocrine disorders (glucose intolerance, thyroid dysfunction)
Autoimmune disorders (antiphospholipid antibody syndrome, etc.)
Chromosomal abnormalities (balanced translocations carriers, etc.)
Trauma, drugs, exposure to radiation

Modified from “Essential knowledge for obstetrician-gynecologist specialist 2022 edition”



Frequency of causes of recurrent pregnancy loss

antiphospholipid antibody syndrome

!l HEHine

fiE fix ¥
3%

BRI BE8  incidental antiphospholipid antibodies

in®
6% RBARBEFRE chromosomal abnormalities in couples
10%

fetal chromosomal
abnormalities /

BRABGRE

Eﬁﬂ? uterine malformation

2% What is recurrent pregnancy loss ?
41% RN ERE  Itisamedical condition in which a couple of
6% reproductive age desires to conceive, but
endocrine when they do, they experience repeated

abnormalities ~ Miscarriages or prer.natu.re births, ultimately
failing to achieve a live birth.

unknown

From the website of the Japan Society of Reproductive

B O
{3 Medicine: www.jsrm.or.jp/public/funinsho_qal19.html

4% mixed



Miscarriages and chromosomal abnormalities

TABLE 1-7. RELATIVE FREQUENCY OF ABERRATIONS IN
CHROMOSOMALLY ABNORMAL ABORTUSES

TYPE INCIDENCE (%)
B! 3.7
15 49
? 1,65;1} chromosomal abnormalities in
21 47 50-60% of miscarriages
@ 5.7
Ovther 14.3
@ s
Trip oid 17
Tetraploid §
Unbalanced translocation 3
Other 4
Total 100

Data from Carr DH, Gedeon M: Population cytogenetics of human abortuses. In
Hook EB, Porter [H (eds): Population Cytogenetics: Studies in Humans. New York,
Academic Press, 1977, Reprinted from Thompson MW: Thompson and Thompson's
Genetics in Medicine. 4th ed. Philadelphia, WB Sannders, 1956,



Births of children with chromosomal dlsorders

5!’7/{"1l££¥(21 SVE

Down syndrome (Trisomy 21)

1813 I\U ‘J \— INNN4NEN .,,o.w./)'z_j-_;"'ﬂ§2¥ (45, X0O)

. Trrsomy 18 Turner syndrome (45, XO)
~ Trisomy 13

numerlcal abnormalltles
J of sex chromosomes
‘autosomal trisomy &

'triploidy, gtc.

7" autosomal monosomy

The majority of pregnancies with chromosomal disorders result in miscarriage,
and only a small fraction are born alive.

Gardner Rdl\/l Chromosome Abnormalities and Genetic Counsellng
41th Edition. New York, Oxford University Press 2011.



Chromosomal abnormalities in oocytes caused by nondisjunction

first second fertilization
meiotic division  meiotic division 2
- B M7 (234&) sperm(23 chromosomes)

Jﬁﬁ PR ﬁﬁ ‘%‘é
__ e~
)~W—W—) |
| Eﬂﬂ,’ﬁmﬂﬂ : _ 23 chromosomesxil‘ﬁzgﬁ| fertilized egg
oocyte (46x&) (46 chromosomes)

egg aging chromosome nondisjunction gﬂ%

RFDEIL -L%@-{*mq:ﬁgﬁ l egg “;(23*) sperm (23 chromosomes)

\ ' xﬁ PR fertilized egg
Qﬂ'&lfiﬁﬂ@ . @ chromosomes (47%) (47 chromosomes)
oocyte
5 HREERYS—

autosomal trisomy
From the website of the Japan Society of Reproductive Medicine




Treatment outcomes from assisted reproductive technology
with donated eggs and one’s own eggs

(%)
70"
604
501
Success rate i N
per embryo 4- v A
transfer -' o
30 )
R
201 -o- BEOPF one’s own eggs o ldecline in egg quality
o F-)---m; donated eggs $
10- v

o 3 L] | | |  § L] ¥ .
24 26 28 30 32 34 36 38 40 42 44 46 48
Age (years)

From the website of the Japan Society of Reproductive Medicine



What are congenital anomalies?

Congenital disorders are diseases or disabilities that a
person is born with, and are classified into two types:
“morphological abnormalities,” which affect the shape of
the body (e.g., internal organs, external limbs) and

“functional abnormalities.”

From the website of NIPT Japan:
https://niptjapan.com/column/congenital-disorder/



Morphological abnormalities

* Conditions that affect the body’s structure or shape,
including defects and malformations.

[Examples of morphological abnormalities]

e Ventricular septal defect (congenital heart disease)
e Cleft lip/palate

e Limb abnormalities

e Hydrocephalus

e Spina bifida (neural tube defect)

From the website of NIPT Japan:
https://niptjapan.com/column/congenital-disorder/



Functional abnormalities

Conditions where, even though a person may appear healthy,
there are effects on bodily systems and functions due to levels

of specific hormones or enzymes, or impairment of metabolic
processes.

[Examples of functional abnormalities]
e Phenylketonuria

e Maple syrup urine disease

e Cretinism (congenital hypothyroidism)
e Galactosemia

o COngenlta| adrenal hyperplaSIa From the website of NIPT Japan:

https://niptjapan.com/column/congenital-disorder/



Causes of congenital disorders and
breakdown of chromosomal abnormalities

Causes of congenital disorders Breakdown of chromosomal
abnormalities

_

m trisomy 21 § trisomy 18 p trisomy 13
chromosomal change in number m numericalabnommalties  y Gthers
¥ abnormalities of copies ofsexchrormosomes
- primary genetic g Multifactorial inheritance Willesley D, et al. Eur J Hum Genet 2012: 20; 521
mutation (unknown)
n environmental
teratogen

Nussbaum R, et al. Thompson & Thompson Genetics in Medicine, 8™ ed, 2016, p285



Multifactorial genetic disorders

Disorders that develop from interactions between multiple
genetic abnormalities and environmental factors.

[Examples of multifactorial disorders]
e Neural tube defect

e Congenital heart disease

e Hereditary hydrocephalus

e Cleft lip/palate

e Congenital bowel obstructions

From the website of NIPT Japan:
https://niptjapan.com/column/congenital-disorder/



Examples of environmental and teratogenic
factors that can cause congenital disorders

[ Environmental teratogens ] [Examples of disorders]

Tabacco * Limb abnormalities (polydactyly,
Alcohol syndactyly, brachydactyly, etc.)
Air pollution * Developmental disorders

Water pollution * Hydrocephalus

Pesticides * Malformations

Radiation

Maternal infection (e.g., TORCH syndrome)
Drugs

From the website of NIPT Japan:
https://niptjapan.com/column/congenital-disorder/ci Z



https://niptjapan.com/column/congenital-disorder/

Miscarriage and congenital anomalies

» Miscarriages occur * Congenital anomalies are
- at a frequency of between 10 and 15% - found in 2-3% of newborns
- strongly related to the mother's age - multifactorial genetic disorders are
- Chromosomal abnormalities in the the most common
fertilized egg are the most common - rarely caused by radiation or

cause environmental factors



Overviews of the Fukushima

Health Management Survey

Fukushima Health Management Survey (targeting all residents)

To ascertain radiation doses (basic data)

(_,

To ascertain health conditions

Basic Survey

11,2011

Coverage: All people residing in the prefecture asof March

Method: Self-reporting questionnaire survey )‘
Content: Record of behavior on or after March 11
(estimation of exposure doses)
\ =

{}

Fukushima Health ManagementFile

* Individualsenter and save the results of
various surveys and examinations they
received. S

¥ Aim to disseminate knowledge on radiation

(_*)ngoing management of residents’ health
G )

— Database

@ Data isutiized for long-term heaith management and
treatment ofthe residents of Fukushima Prefecture.
& Knowledge obtained throughthis heath management

&

A

——
_4/

. initixive isto behanded down to futuregenerations. __.J

i 1

* Whole body counter

%

Thyroid Examination

Detailed Surveys

Coverage: All residents who were around 18 years old or younger atthe time of the
earthquake
Content: Thyroid ultrasound examination

’ Comprehensive Health Checkup (utilizing the existing health checkup system)

’

Coverage: Residents of Evacuation Areas, etc.
Content: General health checkup items + differential leukocyte count

Coverage: Residents of areas other than ' periodically receivingworkplace or municipal
Evacuation Areas, etc. healthcheckups, or cancer screening, may lead to
Content: General health checkup items  earlydetection and treatment of diseases y

<< Health checkupstargeting residents uncovered by any conventional health checkups >>

Mental Health and Lifestyle Survey (a questionnaire survey targeting
residents of Evacuation Areas)

Pregnancy and Birth Survey (a questionnaire survey targeting pregnant
women who have obtained a maternity handbook)

* Personal dosimeter

Follow-up Cb"s:l'j;a;g:? and

J

Prepared based on the outline of the "Fukushima Health Management Survey,” Fukushima Prefecture

24



Radiation Medical Science Center for the Fukushima Health Management
Support and research for pregnant and nursing mothers by the Office of Pregnancy and Birth Survey

Repondents

Consultation by
telephone or email

(31141
Care and support
- Telephone support
- Consultation by
telephone or email

Continued support
by municipality [1] Survey sheet and
information leaflet

Thank-you
postcard

[2] Responses

Public health nurses,
midwives, doctors, etc.

Radiation  yyaea] Health
0Ob/Gyn Consultat Support

Municipal office | Radiation Medical Science

Center at FMU Team
List of expected
respondents
Information of those in need Feedback on
of continued support and support results
request for their support Information on

those in need of

Analysis of responses

Office of Pregnancy and Birth Survey, Radiation Medical Science Center for and decision about the
support needs

the Fukushima Health Management Survey 75



(versons) The survey population, responses, and response rates (Main Survey)

0,
[0 surveys —e— response rate 55 99 70.0%
18,000  58.2% sent 97 .
48.3% 51.8% 51.8% 53.1% 60.0%

49.5% . 69
\ 47.7% 47.2% ° 47.6% 000
16.000 ' 116,001 — 0%
15,218| (15,125 40.0%

14,516 14,572
14,000 aE 100%
13,552

0,
12,000 20.0%

12,838
11,909
11,382 10.0%
10,000 0.0%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

(For reference) Ministry of Health, Labour and Welfare Statistics, List on vital statistics
B #of births —e- birthrate

1,100,000
1,050,000
8.0%0

1,000,000
o I I I i
900,000 I
850,000 7.0%o
800,000

6.5%0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

X birth rate: in thousands in population

8.3%o0 8.2%0 8.2%0 8.5%o0

8.0%0

8.0%0

Fujimori K, et al. Fukushima J Med Sci 60: 75-81, 2014

Fujimori K, et al. Fukushima J Med Sci 71: 75-81, 2025 26



Incidence of congenital anomalies (singleton pregnancies)

3.0%

2.5%

2.0%

1.5%

1.0%

0.5%

0.0%

=@~ |ncidence of congenital anomalies =4 |ncidence of congenital heart anomalies
2.85%

0
\339% 2.359 2.38% 2. 71%
. 0
35% 2.30% 2.21%

+
2.55% 2.19%

2.24%

0.89% 0.91% 0.91% 0.92% 0.85%

0.74%
0.75%

0.79% ;
0.62% 0.61%

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

X The frequency of morphological abnormalities (fetal anomalies)

that can be confirmed at the time of birth is said to be 2-3%.

(Guidelines for Obstetrical Practice 2023 edition)
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Characteristics of 6,875 pregnant women (2011) and
external radiation exposure doses (Basic Survey)

external radiation dose(mSv)

missing dose
value

N 6,875 (100.0) 3,575 (52.0) 2,267 (33.0) 979 (14.2) 54 (0.8) P value

Total <1 mSv 1-2 mSv >2 mSv

Maternal age 6,875 30.9 (5.0) 30.3(5.2) 31.5(4.6) 31.6(4.7) 30.5(5.4) 0.238
Birth height (cm) 6,783  49.1(2.2) 49.1 (2.3) 49.1(2.2) 49.2(2.2) 49.1(2.1) 0.397
Birth weight (g) 6,815 3,029 (403) 3,026 (412) 3,036 (395) 3,028 (391) 3,006 (382) 0.763
Low birth weight (<2500g) (%) 6,815 7.6 7.8 7.3 7.3 9.3 0.861
SGA (<10%) (%) 6,270 8.9 8.5 8.8 10.7 4.4 0.144
Percentage of congenital anomalies 6 600 2.9 3.1 2.9 2.0 0.0 0.163
(%) , . . . . . .

Percentage of stillbirth(%) 6,875 0.2 0.3 0.2 0.1 0.0 0.847
Percentage of preterm birth 6.348 4.1 4.5 3.6 3.5 4.3 0.942

(<37 weeks of pregnancy) (%)
preg Y

Percentage of cases forced to 6.809 32.4 373 456 23 o 0001
change health facilities (%) ! . . i ) . .

One-way analysis of variance was used for continuous variables, and the x? test was used for categorical

variables (excluding missing dose values)
Yasuda S, Fujimori K, et al. Journal of Epidemiology, 2022; 32: S104



External radiation doses and congenital anomalies (2011)

Total <1mSv 1-2mSv =2 mSv (Missing)

n = 6,600 2,188 944 0 3,414
Total * 189 (2.86) 64 19 0 106
Cataract 1 (0.02) 0 1 0 0
Neural tube defect 3 (0.05) 1 2 0
Microcephaly 0 (0.00) 0 0 0
Heart anomaly 57 (0.86) 20 4 0 33
Renal and urinary tract malformation 19 (0.29) 5 3 0 11
Hydrocephalus 1 (0.02) 1 0 0 0
Cleft lip/palate 12 (0.18) 1 3 0 8
Gastrointestinal atresia/stenosis 5 (0.08) 3 0 0 2
Anorectal atresia 4 (0.06) 1 0 0 3
Polydactyly/syndactyly 18 (0.27) 7 1 0 10
Others 83 (1.26) 28 6 0 49

* Multiple answers possible
Yasuda S, Fujimori K, et al. Journal of Epidemiology, 2022; 32: S104
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Changes in the spontaneous and induced abortion
proportions in Fukushima Prefecture
(January 2011 - December 2016)

 Comprehensive survey of all gynecological medical
facilities in Fukushima Prefecture

el ess than 22 weeks of pregnancy (hnumber of spontaneous and induced abortions)

Monthly breakdown
Less than 8 weeks of pregnancy, 8 to less than 12 weeks of pregnancy, 12 to less than 22
weeks of pregnancy (response rate: 100%)

e Vital Statistics Birth Certificate

After 22 weeks of pregnancy (number of births, number of stillbirths)
As it is an individual record, it is possible to ascertain the duration of pregnancy (weeks
and days) and the outcome date (year, month, day).

Inoue Y, Fujimori K, et al. JOGR 2023; 49: 812-827.



Analysis method

* Event-based analysis (cross-sectional method)

Events (miscarriages, stillbirths, births) examined by month
% A pregnant woman's choice “to have an abortion now” is reflected

* Analysis based on the month of pregnancy (longitudinal method)

By calculating backwards from the gestational week of pregnancy when the event occurred, estimate
the month of pregnancy and consider it prospectively from the time of conception.

% It is possible to adjust the time axis of the denominator and numerator
% The relationship between the week of pregnancy and the day when the disaster occurred is reflected
% A pregnant woman'’s choice “to become pregnant now” is reflected

Number of events can be collected on a monthly basis.
This survey analyzed data on a quarterly basis (January to March,
April to June, July to September, October to December)



Summary of spontaneous and induced abortion proportions
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*There were no significant increases in the proportions of spontaneous or induced abortions after the disaster.

*While there were increases in induced abortions immediately after the disaster, they did not indicate a specific trend.

*Based on cyclical patterns, the temporary increases in abortions after the disaster may have coincided with natural cyclical
variations.

Inoue Y, Fujimori K, et al. JOGR 2023; 49: 812-827.



Results of the “Pregnancy and Birth Survey”

* The incidence of congenital anomalies in Fukushima
Prefecture was at the same level as that reported generally.

 Maternal external radiation doses obtained by the "Basic

Survey" were not associated with the incidence of congenital
anomalies.

* There were no significant changes in the proportions of
spontaneous and induced abortions since the disaster.



Future issues concerning pregnant and nursing
mothers in Fukushima Prefecture after the disaster

 Regarding low-dose radiation exposure, simply stating that it is
"safe" from a scientific perspective does not necessarily lead to

"peace of mind."

* In order to create an environment where people can live in "safety"
and "peace of mind," it is important to actively disclose objective
scientific data to demonstrate "safety"” while supporting the
residents of Fukushima Prefecture.
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