
● このスライドの著作権は、原則として著作者に帰属します。著作権法上

認められた場合を除き、その利用には原則として著作者の許諾が必要です。

As a general rule, the copyright of the slides belongs to the author. In 

principle, the author’s authorization is required for their use, except in cases 

recognized by the copyright law.

2025年 福島県立医科大学「県民健康調査」国際シンポジウム

2025 Fukushima Medical University International Symposium on the Fukushima Health Management Survey



Do you know？

About miscarriages, congenital anomalies, 

and the results of the Pregnancy and Birth Survey
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Do you know？

① 0.1～0.5％

② 0.5～1.0％

③ 1～5％

④ 10～15％

⑤ 20～30％

How often do you think miscarriages occur?

(average for mothers of any age)



Do you know？

①Chromosomal abnormalities in fertilized eggs

②Endocrine disorders (glucose intolerance, thyroid  dysfunction, etc.)

③Autoimmune disorders (antiphospholipid syndrome, etc.)

④Intrauterine infection

⑤External factors such as drug use and exposure to radiation

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



Do you know？

How often do you think of congenital anomalies occur?

(average for mothers of any age)

① 0.1～0.5％

② 1～2％

③ 2～3％

④ 5～10％

⑤ 10～20％



Do you know？

① Chromosomal abnormalities in the fetus

② Single-gene disorders

③ Multifactorial genetic disorders

④ Drugs

⑤ Environmental factors (radiation exposure, etc)

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



Definition of abortion

• In Japan, termination of pregnancy before 22 weeks 

–Induced (artificial) abortion 

–Spontaneous abortion

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

birth

12 22 37 42weeks

stillbirth

40 weeks 0 days (expected delivery date）



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

• 15% of clinically confirmed pregnancies end in miscarriage

• 38% of pregnant women experience miscarriage(s)

• 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

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

Guidelines for Obstetrical Practice, 2023 edition

Essential knowledge for obstetrician-gynecologist specialist, 2022 edition



Number of babies born per year from advanced ART (2001-2022)
2022
IVF cycle 2,183
ICSI cycle 2,822
Frozen embryo cycle 72,201

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.
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総治療周期数 543,630

移植周期数 291,611

妊娠周期数 105,233

生産周期数 75,172

Total # of treatment cycles

# of transplant cycles

# of pregnancy cycles

The peak age for 
treatment is 42 years

The peak number of 
cycles leading to birth 

occurs at age 37

Number of treatment cycles in advanced ART in 2022

From the website of the Japan Society of Obstetrics and Gynecology
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Advanced ART: pregnancy, birth, and miscarriage rates in 2022

With age, the pregnancy rate decreases while the miscarriage rate increases.
From the website of the Japan Society of Obstetrics and Gynecology
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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

From the website of the Japan Society of Reproductive 

Medicine: www.jsrm.or.jp/public/funinsho_qa19.html

What is recurrent pregnancy loss？

It is a medical condition in which a couple of 
reproductive age desires to conceive, but 
when they do, they experience repeated 
miscarriages or premature births, ultimately 
failing to achieve a live birth.

unknown

uterine malformation

incidental antiphospholipid antibodies

chromosomal abnormalities in couples

endocrine 
abnormalities

mixed

fetal chromosomal 
abnormalities

antiphospholipid antibody syndrome



Miscarriages and chromosomal abnormalities 

chromosomal abnormalities in
50-60% of miscarriages



Births of children with chromosomal disorders

（21トリソミー）

（45，XO）
Trisomy 18
Trisomy 13

Down syndrome (Trisomy 21)

Turner syndrome (45, XO)

triploidy, etc.

numerical abnormalities 
of sex chromosomes

autosomal monosomy

autosomal trisomy

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



Chromosomal abnormalities in oocytes caused by nondisjunction

From the website of the Japan Society of Reproductive Medicine

oocyte

egg aging chromosome nondisjunction

oocyte

second 
meiotic division

first 
meiotic division

fertilization

sperm(23 chromosomes)

23 chromosomes

egg sperm (23 chromosomes)

fertilized egg
(46 chromosomes)

fertilized egg
(47 chromosomes)

常染色体トリソミー
autosomal trisomy

24
chromosomes



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

From the website of the Japan Society of Reproductive Medicine

one’s own eggs

donated eggs

decline in egg quality

Age (years)

Success rate
per embryo
transfer



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]

• Ventricular septal defect (congenital heart disease)

• Cleft lip/palate

• Limb abnormalities

• Hydrocephalus

• Spina bifida (neural tube defect)

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



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]

• Phenylketonuria

• Maple syrup urine disease

• Cretinism (congenital hypothyroidism)

• Galactosemia

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

Functional abnormalities



Causes of congenital disorders and 
breakdown of chromosomal abnormalities

５％

先天異常の原因

染色体異常 コピー数変化

単一遺伝子変異 多因子遺伝（不明）

環境・催奇形因子

染色体疾患の内訳

21トリソミー 18トリソミー 13トリソミー

性染色体数的異常 その他

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

Wllesley D, et al. Eur J Hum Genet 2012: 20; 521

Causes of congenital disorders Breakdown of chromosomal 
abnormalities

chromosomal 
abnormalities
primary genetic 
mutation
environmental 
teratogen

change in number 
of copies
Multifactorial inheritance
(unknown)

trisomy 21

numerical abnormalities 
of sex chromosomes

trisomy 18

others

trisomy 13

25%

10%40%

20%

16%

13%

5%
13%

53%



Multifactorial genetic disorders

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

[Examples of multifactorial disorders]

• Neural tube defect

• Congenital heart disease

• Hereditary hydrocephalus

• Cleft lip/palate

• 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 】

• Tabacco

• Alcohol

• Air pollution

• Water pollution

• Pesticides

• Radiation

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

• Drugs

【Examples of disorders】

• Limb abnormalities (polydactyly, 
syndactyly, brachydactyly, etc.)

• Developmental disorders

• Hydrocephalus

• Malformations

From the website of NIPT Japan:

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

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


Miscarriage and congenital anomalies

• Miscarriages occur

- at a frequency of between 10 and 15%

- strongly related to the mother's age

- Chromosomal  abnormalities in the  

fertilized egg  are the most common  

cause 

• Congenital anomalies are

- found in 2-3% of newborns

- multifactorial genetic disorders are 

the most common  

- rarely caused by radiation or  

environmental factors



県民健康管理調査

県民健康調査
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Overviews of the Fukushima 
Health Management Survey



Office of Pregnancy and Birth Survey,  Radiation Medical Science Center for 
the Fukushima Health Management Survey

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
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【参考】

※出生率：人口千対
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Incidence of congenital anomalies (singleton pregnancies)

※ 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)

Total
missing dose 

value
<1 mSv 1-2 mSv ≥2 mSv

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

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 
(<37 weeks of pregnancy)  (%)

6,348 4.1 4.5 3.6 3.5 4.3 0.942

Percentage of cases forced to 
change health facilities (%)

6,809 32.4 32.3 45.6 23.7 20.4 <0.001

One-way analysis of variance was used for continuous variables, and the χ2 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)

合計 <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 0 

Microcephaly 0 (0.00) 0 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

Total
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July 20, 2013  Fukushima Minyu July 20, 2013  Fukushima Minpo



July 26, 2014 Asahi Shimbun
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January 9, 2015 Yomiuri Shimbun



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 
•Less than 22 weeks of pregnancy (number 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%)

• 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

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

The shaded area shows the upper and lower outliers calculated from the quartiles.



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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