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Abstract 
Objective: The Great East Japan Earthquake (magnitude, 9.0) followed by a large- 
scale tsunami caused a severe nuclear accident at the Fukushima Daiichi Nuclear 
Power Plant (Tokyo Electric Company). This study aimed to evaluate the obstetric 
outcomes in women in Fukushima prefecture during and after the Great East Japan 
Earthquake and Fukushima nuclear power plant accident. Methods: We collected 
information for 12,300 pregnant women who conceived during the 9 months before 
and after the disaster in Fukushima prefecture. The data of the subjects were ana-
lyzed according to the conception date for each pregnancy. Results: Among the 
women who conceived within 9 months before the disaster, adverse obstetric out-
comes were not observed. In contrast, in the case of women who conceived within 6 
months after the disaster, an increase in the incidence of preterm birth (less than 37 
weeks) and low birth weight (less than 1500 g and less than 2500 g) was observed. 
Moreover, these women showed an increased incidence of medical complications, 
such as respiratory diseases and mental disorders. Conclusion: The results of the 
present study show that the occurrence of adverse obstetric outcomes was higher in 
the women who conceived within 6 months after the disaster than in those who were 
pregnant at the time of the disaster. The results may be related to emotional stress 
such as anxiety about the disaster and emphasize the need for continued investiga-
tions and careful management of pregnant woman in disaster areas in the future. 
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1. Introduction 

On March 11, 2011, the Great East Japan Earthquake (magnitude, 9.0) followed by a 
large-scale tsunami more than 16.0 m high led to a humanitarian and material disaster 
in northeastern Japan. The earthquake and tsunami also caused a severe nuclear acci-
dent at the Fukushima Daiichi Nuclear Power Plant (Tokyo Electric Company) located 
in east-central Fukushima prefecture, approximately 180 km southwest of the earth-
quake hypocenter.  

Immediately after the disaster, Fukushima prefectural government performed the 
Fukushima Health Management Survey to support long-term health management of 
the residents and to investigate low-dose radiation exposure caused by the accident [1]. 
A pregnancy and birth survey was included in this survey to improve obstetrical and 
prenatal care and to support women who were pregnant or delivered babies in Fuku-
shima prefecture during and after the disaster [2].  

Several reports have indicated that disasters such as earthquakes [3]-[7] and nuclear 
reactor accidents [8]-[15] influence various aspects of perinatal health. In addition, 
pregnant women with posttraumatic stress disorders have been reported to be at an in-
creased risk for adverse perinatal outcomes [16]-[18]. Our previous study showed that 
the incidence of adverse obstetric outcomes immediately before and after the Great East 
Japan Earthquake did not remarkably differ between pregnant women living in Fuku-
shima prefecture and the general population in Japan [2]. The obstetric outcomes in 
women who conceived after the disaster, however, remain unclear. 

In the present study, we extended the observation period of our previous study and 
assessed the obstetric outcomes in women who conceived before and after the disaster 
to evaluate the effect of the Great East Japan Earthquake and Fukushima nuclear power 
plant accident in Fukushima prefecture. We used the data from the pregnancy and 
birth survey performed by the Radiation Medical Science Center; this survey was one of 
the detailed surveys included in the Fukushima Health Management Survey. The survey 
questionnaires allowed us to differentiate among the conception dates of all the preg-
nancies and to compare the obstetric outcomes between women who conceived before 
and those who conceived after the disaster. 

2. Material and Methods  

The pregnancy and birth survey was conducted among women who received maternal 
and child health handbooks from municipal officers in Fukushima prefecture between 
August 1, 2010 and July 31, 2012, and among women who received handbooks from 
municipal officers in other prefectures but who received prenatal care or delivered ba-
bies in Fukushima prefecture after the disaster. This survey was approved by the ethics 
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committee of Fukushima Medical University, which is regulated by local policy, na-
tional law, and the World Medical Association Declaration of Helsinki. The written in-
formed consent to participate in this study is included in returned completed ques-
tionnaires. 

The questionnaires, which can be accessed on our website [1], were mailed since 
January 18, 2012. In total, 30,517 questionnaires were distributed. The number of res-
ponses as on March 31, 2014 was 16,401 (53.7% response rate). 

The questionnaire included information on maternal and infant characteristics, such 
as maternal age, history of infertility treatments, medical complications, pregnancy 
complications, expected date of confinement, gestational age at delivery, birth weight, 
delivery mode, and major congenital anomalies. These data conform to uniform coding 
specifications; further, the data have passed a rigorous quality check and have been 
edited and reviewed by the Radiation Medical Science Center.  

Data for 16,123 respondents were included in the analysis after exclusion of 278 
invalid responses. To evaluate the obstetric outcomes in women in Fukushima prefec-
ture during and after the Great East Japan Earthquake and Fukushima nuclear power 
plant accident, we estimated the conception date of each pregnancy from the gestation-
al age at delivery or expected date of confinement. On the basis of the conception date, 
we used data of 12,300 women who conceived during the 9 months before and after the 
disaster (from June 11, 2010 to December 10, 2011).  

Women who conceived within 9 months before the disaster were categorized every 3 
months depending on the conception date (9 - 7 months before the disaster: from June 
11 to September 10, 2010; 6 - 4 months before the disaster: from September 11 to De-
cember 10, 2010; and 3 - 0 months before the disaster: December 11, 2010 to March 10, 
2011). Two hundred seventeen women in the 9 - 7 months before the disaster, 12 
women in the 6 - 4 months before the disaster, and 4 women in the 3 - 0 months before 
the disaster underwent spontaneous abortion or delivered before March 11, 2011. For 
the accurate calculation of the incidence of obstetric complications, such as preterm 
birth rate and low-birth-weight rate, the data of these women who underwent sponta-
neous abortion or delivered before March 11, 2011 were included in the analysis. The 
remaining participants who conceived within 9 months after the disaster were also clas-
sified every 3 months according to the conception date (0 - 3 months: from March 11 to 
June 10, 2011; 4 - 6 months: from June 11 to September 10, 2011; and 7 - 9 months: 
from September 11 to December 10, 2011), and their data were assessed. 

Data were analyzed using SPSS Statistics for Windows, version 17.0 (SPSS Inc., Chi-
cago, IL, USA) and Excel (Microsoft, Redmond, WA, USA). Statistical analysis of con-
tinuous variables, such as maternal age and birth weight, was performed using ANOVA 
followed by Scheffé’s test; categorical variables were analyzed using the chi-squared test 
followed by Bonferroni correction. p values less than 0.05 were considered statistically 
significant. 

3. Results 

In total, 7053 women (9 - 7 month, n = 2097; 6 - 4 month, n = 2528; 3 - 0 month, n = 
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2428) and 5247 women (0 - 3 months, n = 1728; 4 - 6 months, n = 1647; 7 - 9 months, 
n = 1872) conceived during the 9 months before and during the 9 months after the 
Great East Japan Earthquake and Fukushima nuclear power plant accident, respectively.  

The maternal characteristics of the study groups are summarized in Table 1. Among 
women who conceived within 9 months before the disaster, no significant differences 
were observed in their characteristics, regardless of the study periods. Among women 
who conceived within 3 months after the disaster, decreases in the maternal age and the 
proportion of in vitro fertilization (IVF-ET) were observed. Among women who con-
ceived between 4 and 6 months after the disaster, a significant increase in the incidence 
of respiratory diseases and a slight increase in mental disorders, were observed. Among  
 

Table 1. Maternal characteristics of respondents. 

 

Timing of  
conception   

 
    

Before the disaster  After the disaster 
 

9 - 7 months 
n = 2097 

6 - 4 months 
n = 2528 

≤3 months 
n = 2428 

  
≤3 months 
n = 1728 

4 - 6 months 
n = 1647 

7 - 9 months 
n = 1872 

p 

Maternal age, y (mean ± SD) 30.2 ± 4.9 30 ± 5.1 30.4 ± 5.0   29.8 ± 5.0* 30.2 ± 5.0 30.4 ± 5.1 0.003 

Unknown/missing 0 0 0   0 8 12 
 

Single pregnancy 2065 (99.2) 2499 (99.0) 2403 (99.1)   1707 (99.0) 1632 (99.1) 1852 (98.9) 0.967 

Twin pregnancy 17 (0.8) 25 (1.0) 22 (0.9)   18 (1.0) 15 (0.9) 20 (1.1) 
 

Unknown/missing 0 0 0   0 0 0 
 

Infertility treatment 
   

  
    

Natural conception 2006 (95.7) 2396 (94.8) 2318 (95.5)   1689 (97.7)** 1560 (94.7) 1772 (94.7) <0.001 

Ovulation stimulation 38 (1.8) 46 (1.8) 42 (1.7)   16 (0.9) 34 (2.1) 37 (2.0) 0.13 

Artificial insemination 15 (0.7) 23 (0.9) 27 (1.1)   7 (0.4) 10 (0.6) 20 (1.1) 0.111 

In-vitro fertilization 38 (1.8) 63 (2.5) 41 (1.7)   16 (0.9)*** 43 (2.6) 43 (2.3) 0.002 

Unknown/missing 0 0 0   0 0 0 
 

Medical complications 
   

  
    

Hypertension 8 (0.38) 3 (0.12) 7 (0.29)   3 (0.17) 5 (0.30) 5 (0.27) 0.56 

Diabetes 5 (0.24) 8 (0.32) 3 (0.12)   5 (0.28) 0 5 (0.27) 0.257 

Cancer 5 (0.24) 12 (0.47) 7 (0.29)   10 (0.58) 8 (0.49) 10 (0.53) 0.466 

Respiratory disease 42 (2.0) 50 (1.98) 47 (1.94)   41 (2.37) 80 (4.86)† 79 (4.22)† <0.001 

Thyreoid disease 30 (1.43) 50 (1.98) 30 (1.24)   30 (1.74) 32 (1.94) 33 (1.76) 0.318 

Mental disorder 30 (1.43) 44 (1.74) 42 (1.73)   26 (1.50) 41 (2.49) 59 (3.15)† <0.001 

Others 134 (6.39) 159 (6.29) 173 (7.13)   109 (6.31) 95 (5.77) 102 (5.45) 0.313 

Unknown/missing 0 0 0   0 0 0 
 

Number in parentheses are the percentage. *p < 0.05, in relation to the ≤3 months before the disaster group. **p < 0.05, in relation to all other groups. ***p < 0.05, in 
relation to the 6 - 4 months before the disaster group, 4 - 6 months after the disaster group, and 7 - 9 after the disaster group. †p < 0.05, in relation to the before the 
disaster groups, and ≤3 months after the disaster group. 
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women who conceived between 7 and 9 months after the disaster, a significant increase 
in the incidence of the medical complications, such as respiratory diseases and mental 
disorders, was observed. The obstetric outcomes in the study groups are summarized in 
Table 2. Women who conceived within 9 months before the disaster showed no signif-
icant increases in the incidences of cesarean section, preterm birth, and low birth 
weight, regardless of the study periods. In contrast, among women who conceived 
within 6 months after the disaster, a significant decrease in the birth weight was ob-
served; moreover, a decrease in the neonatal body weight at 1 month of age was ob-
served in the case of these women. Of these, among the women who conceived within 3 
month after the disaster, an increase in the incidence of low birth weight (less than 1500 
g and less than 2500 g) was observed. A slight and a significant increase in the inci-
dence of preterm birth (less than 37 weeks) were also observed among the women who  
 

Table 2. Obstetric outcomes of respondents. 

 

Timing of conception  
    

Before the disaster  After the disaster 
 

9 - 7 months 
n = 2097 

6 - 4 months 
n = 2528 

≤3 months 
n = 2428 

 ≤3 months 
n = 1728 

4 - 6 months 
n = 1647 

7 - 9 months 
n = 1872 

p 

The number of delivery and abortion before the 
disaster 

217 12 4 
 

0 0 0 
 

Delivery mode 
   

 
    

Spontaneous cephalic 1421 (69.6) 1692 (68.3) 1628 (68.7)  1153 (68.5) 1052 (67.4) 1190 (66.9) 0.579 

Instrumental 205 (10.0) 245 (9.9) 273 (11.5)  165 (9.8) 179 (11.5) 212 (11.9) 0.094 

Cesarean 417 (20.4) 540 (21.8) 470 (19.8)  365 (21.7) 330 (21.1) 376 (21.1) 0.566 

Unknown/missing 54 51 57  45 86 94 
 

Preterm birth 
   

 
    

<28 weeks 2 (0.10) 8 (0.32) 5 (0.21)  8 (0.47) 5 (0.31) 6 (0.32) 0.364 

<34 weeks 13 (0.62) 30 (1.19) 23 (0.96)  26 (1.52) 23 (1.41) 17 (0.91) 0.078 

<37 weeks 90 (4.30) 119 (4.73) 99 (4.13)  94 (5.48) 105 (6.42)* 86 (4.63) 0.013 

Unknown/missing 0 0 0  0 0 0 
 

Infants n = 2108 n = 2539 n = 2417  n = 1731 n = 1650 n = 1877 p 

The number of the birth before the disaster 214 0 0  0 0 0 
 

Birthweight (g ± SD) 3008 ± 396 3012 ± 428 3028 ± 415  2978 ± 448* 2982 ± 438* 2997 ± 433 0.001 

<1000 g 1 (0.05) 9 (0.36) 5 (0.21)  8 (0.47) 7 (0.43) 7 (0.38) 0.148 

<1500 g 7 (0.34) 16 (0.64) 11 (0.46)  20 (1.16)** 15 (0.92) 11 (0.59) 0.02 

<2500 g 185 (8.87) 229 (9.1) 187 (7.78)  185 (10.76)* 160 (9.82) 175 (9.42) 0.036 

Unknown/missing 23 22 14  11 20 19 
 

Congenital anomalies 52 (2.56) 60 (2.45) 73 (3.16)  46 (2.75) 42 (2.6) 45 (2.46) 0.693 

Unknown/missing 74 95 105  57 33 45 
 

Bodyweight at a month old (g ± SD) 4224 ± 574 4243 ± 598 4226 ± 572  4128 ± 602† 4176 ± 594‡ 4225 ± 603 <0.001 

Unknown/missing 24 24 24  122 22 22 
 

Number in parentheses are the percentage. *p < 0.05, in relation to ≤3 months before the disaster group. **p < 0.05, in relation to 9 - 7 months before the disaster 
group. †p < 0.05, in relation to the before the disaster groups and 9 - 7 monthes after the disaster group. ‡p < 0.05, in relation to the 6 - 4 months before the disaster 
group. 
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conceived between 4 and 6 months after the disaster, respectively. 

4. Discussion 

The results of the present study showed that adverse obstetric outcomes occurred in 
women who conceived within 6 months after the disaster rather than in women who 
were pregnant at the time of the disaster. 

Although disasters such as earthquakes [3]-[7] and nuclear reactor accidents [8]-[15] 
may influence various aspects of perinatal health, their influence on perinatal outcomes 
varies according to the disaster scale and area. Many birth complications, including low 
birth weight, preterm birth, birth defects, and lower Apgar scores, were reported after 
the Chinese Wenchuan earthquake in 2008, which caused nearly 70,000 deaths because 
of its severity [3]. The Taiwan earthquake in 1999 was associated with low birth weight 
and minor psychiatric morbidity [4]. Increases in the incidence of preterm birth were 
also reported after the Northridge earthquake California in 1994 [5] and the Israel 
earthquakes in 1985 [6]. Nuclear reactor accidents such as the Chernobyl nuclear dis-
aster in Ukraine in 1986 and the Three Mile Island disaster in Pennsylvania in 1979 also 
affected perinatal outcomes. Increased rates of Down syndrome and neural tube defects 
were reported after the Chernobyl nuclear disaster [9] [11], although data from the 
most affected areas are limited [8]. In contrast, the Three Mile Island disaster was asso-
ciated with increased depression and anxiety immediately after the disaster [13], but it 
did not have any effect on the physical functions, such as spontaneous abortion [12].  

Our previous study showed that the incidence of adverse obstetric outcomes imme-
diately before and after the disaster did not remarkably differ between pregnant women 
living in Fukushima prefecture and the general population in Japan [2]. In the previous 
study, the incidence of complications, such as stillbirth, preterm birth, and congenital 
anomalies, was not related to the distance from the Fukushima nuclear power plant and 
the earthquake hypocenter [2]. In concordant with our previous data, the present data 
of women who conceived within 9 months before the disaster showed no adverse ob-
stetric outcomes. Taken together, the previous results and the current results suggest 
that the influence of the Great East Japan Earthquake and Fukushima nuclear power 
plant accident on perinatal outcomes in Fukushima prefecture was limited as compared 
to the influence of the Chinese Wenchuan earthquake or the Chernobyl nuclear disaster 
on perinatal outcomes. 

However, the present study, in which the observation period of the previous study 
was extended, showed that the incidence of adverse outcomes might increase after the 
disaster. Women who conceived after the disaster were more likely to develop respira-
tory diseases, mental disorders, preterm birth, and low birth weight infant than those 
before the disaster. One possible explanation is that even though a direct exposure to 
the disaster was absent, the surrounding environment may lead to the adverse perinatal 
outcomes. In fact, pregnant women with posttraumatic stress disorders have been re-
ported to be at an increased risk of adverse perinatal outcomes [16]-[18]. A previous 
study showed that anxiety due to the Chernobyl disaster, but not the environmental 
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threat itself, was associated with preterm births in a sample of Swedish women [19]. In 
addition, previous studies demonstrated an increase in the respiratory diseases, such as 
chronic obstructive pulmonary disease and asthma, after the disasters including the 
Great East Japan Earthquake [20]-[26], in concordant with our results on maternal 
complications. In these reports, several authors suggested that the increase is signifi-
cantly related to emotional stress such as anxiety about the disaster [21] [26]. There-
fore, women who conceived after the disaster might experience uneasiness despite the 
absence of a direct exposure to the disaster. This raises the possibility that the sur-
rounding environment after the disaster might lead to the adverse obstetric outcomes. 

The findings should be interpreted with caution, because the survey questionnaires 
included various biases, such as self-selection bias, because the response rate of ques-
tionnaire (53.7%) might be not necessarily high, and because the influence of the disas-
ter varies according to the area and passage of time. In addition, because the survey did 
not use data from the medical records of the hospitals, the possibility that some partic-
ipants gave birth outside Fukushima prefecture cannot be excluded. However, our re-
sults, which showed that the incidence of the adverse outcomes might increase after the 
disaster, emphasize the need for continued investigation and careful management for 
pregnant woman in disaster-affected areas. 
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