
RESEARCH ARTICLE

Pregnant women’s migration patterns before

childbirth after large-scale earthquakes and

the added impact of concerns regarding

radiation exposure in Fukushima and five

prefectures

Yuta InoueID
1¤*, Kazutomo Ohashi2☯, Yuko Ohno3☯, Takako Fujimaki3☯, Anna Tsutsui3☯,

Ling ZhaID
1☯, Tomotaka Sobue1☯

1 Division of Environmental Medicine and Population Sciences, Graduate School of Medicine Osaka

University, Osaka, Japan, 2 Faculty of Global Nursing, Otemae University, Osaka, Japan, 3 Division of

Health Sciences, Graduate School of Medicine, Osaka University, Osaka, Japan

☯ These authors contributed equally to this work.

¤ Current address: Department of Medical Treatment Recover Care Nursing, Graduate School of Biomedical

Sciences, Tokushima University, Tokushima, Japan

* inoue@envi.med.osaka-u.ac.jp

Abstract

The 2011 Great East Japan Earthquake (within Fukushima, Iwate, and Miyagi prefectures)

was a complex disaster; it caused a tsunami and the Fukushima Daiichi Nuclear Power

Plant accident, resulting in radiation exposure. This study investigated the earthquake’s

effects on the migration patterns of pregnant women and their concerns regarding radia-

tion exposure. We also considered the following large-scale earthquakes without radiation

exposure: Great Hanshin-Awaji (Hyogo prefecture), Niigata-Chuetsu, and Kumamoto.

Pregnant women were categorized as outflow and inflow pregnant women. Data on the

annual number of births three years before and after the earthquake were used as a

denominator to calculate the outflow and inflow rates per 100 births. The odds ratios of

annual outflow and inflow rates after the earthquake, using three years before the earth-

quake as the baseline, were calculated. The odds-ratio for outflow significantly increased

for Hyogo, Fukushima, Miyagi, and Kumamoto prefectures after the earthquake, particu-

larly for Fukushima, showing a significant increase until three years post the Great East

Japan Earthquake (disaster year: odds-ratio: 2.66 [95% confidence interval: 2.44–2.90], 1

year post: 1.37 [1.23–1.52], 2 years post: 1.13 [1.00–1.26], 3 years post: 1.18 [1.05–

1.31]), while the remaining three prefectures reported limited increases post one year. The

inflow decreased after the earthquake, particularly in Fukushima, showing a significant

decrease until 2 years post the Great East Japan Earthquake (disaster year: 0.58 [0.53–

0.63], 1 year post: 0.76 [0.71–0.82], 2 years post: 0.83 [0.77–0.89]). Thus, pregnant wom-

en’s migration patterns changed after large-scale earthquakes, suggesting radiation expo-

sure concerns possibly have a significant effects. These results suggested that plans for

receiving assistance and support that considers the peculiarities of disaster related
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damage and pregnant women’s migration patterns are needed in both the affected and

non-affected areas.

Introduction

Japan is an earthquake-prone country. Large-scale earthquakes cause physical damage such

as building collapses and disconnection of utilities, like electricity, gas, and water. Earth-

quakes have a significant impact on the affected population, including changes to the living

environment and disruptions to daily functions due to evacuations, resulting in physical and

mental burdens [1, 2]. Previous studies on pregnant women affected by disasters have shown

that they experience increased anxiety about child-rearing and childbirth, hypertension in

pregnancy, gestational diabetes, and other psychological and physical issues [3, 4]. Studies

focusing on fetal growth have also shown that experiencing such disasters leads to adverse

birth outcomes such as preterm birth and low birth weight [5]. Additionally, earthquakes

affect medical institutions and threaten medical care continuity [6–9]. In particular, preg-

nant women face unique burdens with respect to the continuation of their pregnancies in

affected areas, such as difficulties in receiving prenatal checkups due to hindered access to

hospitals and medical facilities during childbirth [10]. While an earthquake by itself causes

the aforementioned difficulties, the Great East Japan Earthquake (GEJE) of 2011 caused even

greater damage due to the secondary tsunami triggered by it [11]. The tsunami caused the

Fukushima Daiichi Power Plant accident. The mechanism of adverse health effects caused by

the radiation has not yet been clarified, and opinions are divided among experts, which pos-

sibly cause anxiety not only among residents of the affected areas but also among the medical

members who support them, and may even lead to harmful rumors about the affected areas

[12, 13]. In that time, Fukushima Prefecture had conducted The Fukushima Health Manage-

ment Survey to ascertain the health status of prefectural residents to prevent, detect, and

treat diseases at an early stage, and to maintain and promote the health of prefectural resi-

dents for the future. Specifically, the pregnancy and birth survey targeted women who

received a Maternal and Child Health Handbook between August 1, 2010 and July 31, 2011

from a municipality in Fukushima Prefecture and also the women who received a Maternal

and Child Health Handbook from a municipality outside of Fukushima Prefecture within

the same period, but who received a prenatal checkup or gave birth after relocating or return-

ing to Fukushima on or after March 11, 2011 [14, 15]. Results of this survey showed that

pregnant women who had conceived and given birth in Fukushima Prefecture were greatly

concerned about the effects of radiation on their fetuses and children [16]. Pregnant women

not only in Fukushima, but also in Iwate and Miyagi, which were affected areas, had similar

concerns [17]. There have been global reports regarding residential mobility during preg-

nancy in normal times, suggesting that pregnant women are cautious about the effects of var-

ious exposures to their fetuses [18–20]. In Japan, there is a unique custom of mobility of

pregnant women called “Satogaeri” in normal times [21]. According to a study, after earth-

quakes, pregnant women decided against giving birth at their chosen facilities and gave up

the customary Japanese practice of returning to their parents’ home to give birth [17]. Thus,

we consider that during a disaster, there will be more outflow of pregnant women from the

affected areas to non-affected areas and a fewer inflow of pregnant women from non-affected

areas to affected areas. Pregnant women’s migration patterns can be investigated using

address information recorded in the Vital Statistics birth registry, which we obtained the

birth registry data from the Ministry of Health, Labour and Welfare. The purpose of this

study is to understand the actual migration patterns, from the outflow and inflow rates of
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pregnant women based on the number of births before and after large-scale earthquakes

using the Vital Statistics birth registry. It explores the relationship between the degree of

damage and pregnant women’s migration patterns by comparing data pertaining to past

large-scale earthquakes. It also clarifies that even for earthquakes where no added concerns

for radiation exposure were present, changes in the migration patterns of pregnant women

after the event was related to the magnitude of the effect of the disaster.

Methods

Definition of complex disaster and targeted large-scale earthquake

In this study, earthquakes with radiation concerns were treated as complex disasters. There-

fore, among the prefectures of Iwate, Miyagi, and Fukushima that were affected by the GEJE,

only Fukushima Prefecture was treated as having been affected by the complex disaster,

because concerns regarding radiation exposure were high and widespread in Fukushima,

whereas this was true only for a few areas in Miyagi and none in Iwate [22]. Large-scale earth-

quakes were defined as earthquakes with a magnitude greater than 6.5 and a seismic intensity

scale of more than 7 that occurred after 1995, including the Great Hanshin-Awaji Earthquake

(GHAE, 1995), Niigata Chuetsu earthquake (2004), Kumamoto earthquake (2016), and GEJE

(2011) [23, 24].

Table 1 shows the damage caused by past large-scale earthquakes. In terms of human casu-

alties and damaged houses, Hyogo Prefecture, which was hit by the GHAE, and Miyagi Prefec-

ture, which was hit by the GEJE, suffered the most damage. However, it is not possible to

simply compare the number of people affected because it is necessary to consider the age

Table 1. Details of the damage caused by large-scale earthquakes.

Prefecture Fukushimad Iwatef Miyagig Hyogoh Niigataj Kumamotok

Erathquake The Great East Japan Earthquake The Great Hanshin-Awaji

Earthquake

The Niigata Chuetsu

Earthquake

The Kumamoto

Earthquake

Date of disaster 3, 11, 2011 1, 17, 1995 10, 23, 2004 4, 14 and 16, 2016

Population densitya,l

(persons/km2)

144.2 86.1 319.3 644.1 194.3 242.3

Magnitude of earthquake M9.0 M9.0 M9.0 M7.3 M6.8 M6.5 and 7.3

Human casualties

Number of dead or

unknown

4,162 5,823 11,785 6,437 68 216

Number of Injured 183 206 4,117 43,792 4,795 2,673

Number of houses damagedb 98,218 24,916 238,135 249,180 16,985 42,192

Number of evacueesc No data 54,429 320,885 307,022i 103,000 183,882

Number of power outagec 374,989e 760,000 1.54

million

2.6 million 300,000 470,000

Number of gas outagec 16,998e 9,400 No data 860,000 56,000 105,000

Number of water outagec No data 180,000 No data 1.3 million 130,000 445,857

Radiation exposure concern Yes No No No No No

a Population density is shown for the year of the earthquake.
b Including not only fully destroyed but also partially destroyed houses.
c Due to different accounting methods for aftershocks, the number of reports may not match in the literature. Regarding damage to utilities and the number of people

affected by the disaster, only prefectures that reported the maximum values are listed because these data fluctuated with the passage of days after the disaster.
d–l Reference number; For the annotations d to l, please see references [25–33], respectively.

https://doi.org/10.1371/journal.pone.0272285.t001
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distribution of resident populations as well as the population density. Furthermore, Japan is

prone to disasters such as typhoons and earthquakes and the Building Standard Law has been

revised many times, each time increasing the strength of buildings. Therefore, the seismic

resistance of houses and buildings were different over time.

Data sources

For this study, we used the information on residential and notified addresses recorded by the

Vital Statistics birth registry. Japan’s Vital Statistics is as accurate and complete as possible

because every birth must be registered by law. The registry reports the residential address of

the newborn but not that of the mother. However, in this study, we considered the residence

of the child as the residence of the mother, because the newborn child needs to be cared for by

the guardian. The address of the notified place refers to the prefecture of birth or location of

the notifier, and it includes the area where the child was born and where the child temporarily

lives, including evacuation areas. The analysis period is three years before and after the date of

each earthquake. To use these data of individuals, we applied for and obtained data for 1992 to

2019 from the Ministry of Health, Labour and Welfare. Of the 31,020,751 individual birth

reports in the registry for the 1992–2019 period, those with unknown or missing information

such as residence address, notification address, maternal age, or number of weeks pregnant

were excluded. As a result, the final analysis included 30,311,671 cases.

Calculating the rate of flow of pregnant women

We used two sets of information from the birth registry: the residence address (where the child

was registered as a resident) and birth notification address (where the child was born). Based

on this information, when a pregnant woman residing in a prefecture that was close to the epi-

center of an earthquake (hereinafter referred to as the “severely affected prefecture”) moved to

another prefecture to give birth, we defined it as outflow; when a pregnant woman moved to

the severely affected prefecture from a different prefecture to give birth, it was defined as

inflow. For calculating the rate of outflow of pregnant women, the denominator is the number

of births and the place of residence was in the one severely affected prefecture. The numerator

is the number of births for which the place of residence was in the one severely affected prefec-

ture and for which the place of notification was in the 46 prefectures except for their place of

residence. For calculating the rate of inflow of pregnant women, the denominator is the num-

ber of births and the place of residence was in 46 prefectures except for the one severely affected

prefecture. The numerator is the number of births for which the place of residence was in 46

prefectures except for the one severely affected prefecture and for which the place of notifica-

tion was in the one severely affected prefecture. It is possible that the areas with government

restrictions for returning are not areas where pregnant women are willing to move, but areas

where they are ordered to move by the government, and the background that determined their

movement is different. However, the Vital Statistics birth registry used in this study could not

grasp these backgrounds. Therefore, in this study, the 13 areas ordered for evacuation were also

treated as residential areas of pregnant women, without distinguishing between the intention

of pregnant women and administrative restrictions on return. To keep the number of days

elapsed from the date of each earthquake the same, we counted the annual data, starting from

the date of occurrence of each earthquake, instead of collecting them by the calendar period.

The year when the earthquake occurred was defined as the disaster year starting from the date

of the disaster, followed by one year post, two years post, and three years post. Similarly, the

time before the disaster year was defined as one year ago, followed by two and three years ago.
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Methods of calculating the ORs for the outflow and inflow rates

The baseline was the three-year period before the earthquake from three years to one year ago,

and the odds ratios (ORs) for each of the three years since the earthquake were calculated

using logistic regression analysis with migration patterns as the objective variable and the year

since the earthquake, maternal age, and number of children as explanatory variables. Maternal

age was classified into seven age groups (� 19, 20–24, 25–29, 30–34, 35–39, 40–44,� 45

years), and the number of children was classified into one, two, and three or more. A p-

value < 0.05 was considered statistically significant. Statistical analyses were performed using

JMP pro 15.

Ethical approval

This study was conducted with the approval of the Research Ethics Committee of Ethical

Review Board of Osaka University Hospital (Approval number: 15272–6). Patent consent was

waived because this retrospective case analysis involved de-identified data for research pur-

poses in accordance with the Statistics Act of Japan.

Results

Annual trends of the outflow of pregnant women and impact of large-scale

earthquakes

The outflow rates of pregnant women are shown in Fig 1. The outflow rate in Hyogo and

Miyagi Prefectures was higher than that in the other prefectures throughout the entire period

(three years before and after the year of the earthquake, Hyogo: 7.61%–6.32%, Miyagi: 5.08–

5.83%). Table 2 shows the ORs of the outflow rates of pregnant women for the years since the

earthquake, maternal age, and number of children. For Hyogo, Fukushima, Miyagi, and

Kumamoto, the outflow of pregnant women from the severely affected prefecture in the disas-

ter year showed a significant increase compared to the baseline. Particularly in Fukushima,

where there was a specific concern about radiation exposure, the outflow in the year of the

earthquake was significantly higher than in the other prefectures (ORs for the disaster year:

2.66, confidence interval [CI]: 2.44–2.90) and it significantly increased until three years after

the earthquake (ORs for 1 year post: 1.37, CI: 1.23–1.52; ORs for post 2 year post: 1.12, CI:

Fig 1. Change in outflow rate in the three years before and after the year of the earthquake (per 100 births).

https://doi.org/10.1371/journal.pone.0272285.g001
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1.00–1.25; and ORs for 3 year post: 1.18, CI: 1.05–1.31), while increases were limited for 1 year

post the earthquake year in the remaining three prefectures. The outflow rate of pregnant

women aged 25–34 years was higher than that in the other age groups, and younger or older

pregnant women had a lower outflow rate. Focusing on the number of children and outflow of

pregnant women, we found an inverse correlation.

Kumamoto Prefecture was affected by the earthquake in 2016, and the ORs were calculated

only for the 2-years-post period of the earthquake. For the number of years since the earth-

quake, 0 indicates the disaster year. For the number of years since the earthquake, 1, 2, 3, -1,

-2, and -3 indicate 1 year post, 2 years post, 3 years post, 1 year ago, 2 years ago, and 3 years

ago, respectively.

Annual trends of inflow of pregnant women and impact of large-scale

earthquakes

The inflow rates of pregnant women are shown in Fig 2. The rate in Hyogo Prefecture was

higher than in the other prefectures throughout the period (0.22–0.26%). Iwate Prefecture had

the lowest rate compared to the other prefectures in this period (0.06–0.07%). Table 3 shows

the ORs of the inflow rates for the years since the earthquake, maternal age, and number of

children. For Hyogo, Fukushima, Iwate, Miyagi, and Kumamoto, the inflow of pregnant

women from the other prefectures in the disaster year showed a significant decrease compared

Table 2. Odds ratios of outflow of pregnant women in the post-disaster period.

Hyogo(1995) Niigata(2004) Fukushima(2011) Miyagi(2011) Iwate(2011) Kumamoto (2016)

Variable ORs a [95% CIb] ORs a [95% CI] ORs a [95% CI] ORs a [95% CI] ORs a [95% CI] ORs a [95% CI]

Year since each earthquaked

Baseline

(-1,-2,-3) Ref. c Ref. c Ref. c Ref. c Ref. c Ref. c

0 1.09 [1.05–1.14] 1.07 [0.97–1.19] 2.66 [2.44–2.90] 1.13 [1.05–1.22] 0.98 [0.83–1.15] 1.14 [1.02–1.26]

1 0.91 [0.88–0.95] 1.01 [0.91–1.12] 1.37 [1.23–1.52] 1.02 [0.95–1.10] 1.07 [0.91–1.25] 0.94 [0.84–1.06]

2 0.89 [0.85–0.92] 0.90 [0.81–1.01] 1.12 [1.00–1.26] 1.04 [0.96–1.12] 0.74 [0.83–1.15] 0.85 [0.76–0.96]

3 0.88 [0.84–0.91] 0.83 [0.75–0.93] 1.18 [1.05–1.31] 1.15 [1.07–1.24] 1.01 [0.86–1.19]

Maternal age (years)

� 19 0.20 [0.17–0.23] 0.24 [0.15–0.38] 0.42 [0.31–0.57] 0.14 [0.09–0.20] 0.21 [0.11–0.43] 0.14 [0.07–0.29]

20–24 0.52 [0.50–0.54] 0.52 [0.47–0.58] 0.61 [0.55–0.67] 0.53 [0.49–0.57] 0.47 [0.40–0.56] 0.50 [0.43–0.59]

25–29 Ref. c Ref. c Ref. c Ref. c Ref. c Ref. c

30–34 1.10 [1.07–1.12] 1.04 [0.98–1.11] 1.11 [1.04–1.19] 0.96 [0.92–1.01] 1.06 [0.96–1.18] 1.08 [0.99–1.19]

35–39 0.75 [0.72–0.79] 0.78 [0.70–0.86] 1.06 [0.97–1.15] 0.70 [0.65–0.74] 0.97 [0.85–1.10] 0.74 [0.65–0.83]

40–44 0.47 [0.40–0.56] 0.63 [0.48–0.82] 0.89 [0.74–1.07] 0.45 [0.39–0.52] 0.61 [0.45–0.83] 0.56 [0.44–0.72]

� 45 0.53 [0.19–1.43] 0.56 [0.08–4.29] 0.26 [0.04–1.83] 0.19 [0.05–0.76] unstable 0.58 [0.14–2.35]

Number of children

1 Ref. c Ref. c Ref. c Ref. c Ref. c Ref. c

2 0.77 [0.75–0.79] 0.66 [0.62–0.70] 0.79 [0.74–0.84] 0.72 [0.69–0.75] 0.66 [0.60–0.72] 0.77 [0.71–0.83]

� 3 0.25 [0.24–0.27] 0.19 [0.17–0.22] 0.42 [0.38–0.46] 0.22 [0.20–0.24] 0.22 [0.18–0.26] 0.19 [0.17–0.23]

a ORs, odds ratios;
b CI, confidence interval;
c Ref, reference.
d Baseline is a period of 3 years before the disaster year. For the number of years since the earthquake, 0 indicates disaster year. For the number of years since the

earthquake, 1, 2, 3, -1, -2 and -3 indicate 1 year post, 2 years post, 3 years post, 1 year ago, 2 years ago, and 3 years ago, respectively.

https://doi.org/10.1371/journal.pone.0272285.t002
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to the baseline. Particularly in Fukushima, with a specific concern about radiation exposure,

the inflow in the year of the earthquake was significantly lower than in the other prefectures

(ORs for the disaster year: 0.58, CI: 0.53–0.63) and it significantly decreased until 2 years post

the earthquake (ORs for 1 year post: 0.76, CI: 0.71–0.82; ORs for 2 years post: 0.83, CI: 0.77–

Fig 2. Change in inflow rate in the three years before and after the year of the earthquake (per 100 births).

https://doi.org/10.1371/journal.pone.0272285.g002

Table 3. Odds ratios of inflow of pregnant women in the post-disaster period.

Hyogo(1995) Niigata(2004) Fukushima(2011) Miyagi(2011) Iwate(2011) Kumamoto(2016)

Variable ORs a [95% CI] ORs a [95% CI] ORs a [95% CI] ORs a [95% CI] ORs a [95% CI] ORs a [95% CI]

Year since each earthquaked

Baseline

(-1,-2,-3) Ref. c Ref. c Ref. c Ref. c Ref. c Ref. c

0 0.86 [0.82–0.89] 0.99 [0.93–1.05] 0.58 [0.53–0.63] 0.87 [0.81–0.94] 0.89 [0.81–0.97] 0.87 [0.82–0.93]

1 0.98 [0.94–1.02] 1.07 [1.01–1.05] 0.77 [0.71–0.82] 1.05 [0.98–1.13] 0.95 [0.87–1.03] 0.98 [0.92–1.04]

2 0.97 [0.93–1.01] 1.04 [0.98–1.10] 0.83 [0.77–0.89] 1.08 [1.01–1.16] 0.95 [0.87–1.03] 0.95 [0.90–1.02]

3 0.95 [0.91–0.99] 1.01 [0.95–1.07] 0.98 [0.91–1.05] 1.12 [1.05–1.20] 0.94 [0.86–1.03]

Maternal age (years)

� 19 0.16 [0.13–0.20] 0.12 [0.08–0.16] 0.15 [0.11–0.21] 0.14 [0.10–0.20] 0.13 [0.08–0.20] 0.41 [0.31–0.53]

20–24 0.45 [0.43–0.47] 0.60 [0.56–0.61] 0.73 [0.69–0.78] 0.56 [0.52–0.60] 0.83 [0.77–0.90] 0.78 [0.72–0.85]

25–29 Ref. c Ref. c Ref. c Ref. c Ref. c Ref. c

30–34 1.13 [1.10–1.16] 0.93 [0.90–0.97] 0.81 [0.78–0.85] 0.93 [0.89–0.97] 0.75 [0.71–0.79] 0.85 [0.81–0.90]

35–39 0.68 [0.65–0.72] 0.70 [0.67–0.74] 0.50 [0.47–0.53] 0.66 [0.63–0.70] 0.48 [0.45–0.52] 0.57 [0.53–0.61]

40–44 0.41 [0.34–0.49] 0.50 [0.43–0.58] 0.30 [0.26–0.35] 0.44 [0.39–0.51] 0.24 [0.19–0.30] 0.36 [0.31–0.42]

� 45 0.39 [0.12–1.19] 0.12 [0.02–0.86] 0.34 [0.14–0.81] 0.30 [0.11–0.79] unstable 0.28 [0.10–0.74]

Number of children

1 Ref. c Ref. c Ref. c Ref. c Ref. c Ref. c

2 0.93 [0.71–0.74] 0.67 [0.65–0.70] 0.75 [0.72–0.78] 0.68 [0.65–0.70] 0.79 [0.75–0.83] 0.90 [0.86–0.94]

� 3 0.20 [0.19–0.21] 0.19 [0.17–0.20] 0.25 [0.22–0.27] 0.18 [0.16–0.20] 0.26 [0.23–0.29] 0.42 [0.38–0.45]

a ORs, odds ratios;
b CI, confidence interval;
c Ref, reference.
d Baseline is a period of 3 years before from the disaster year. For the number of years since the earthquake, 0 indicates disaster year. For the number of years since the

earthquake, 1, 2, 3, -1, -2 and -3 indicate 1 year post, 2 years post, 3 years post, 1 year ago, 2 years ago, and 3 years ago, respectively.

https://doi.org/10.1371/journal.pone.0272285.t003
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0.89), while decreases were limited for a period of 1 year post the earthquake in the remaining

four prefectures. An analysis of the relationship among the ages of the pregnant women, the

number of existing children, and the inflow rate showed that, similar to the outflow rate, preg-

nant women aged 25–34 years and primiparas were more likely to migrate.

Kumamoto was affected by the earthquake in 2016, and ORs were calculated only for the 2

years post the earthquake. For the number of years since the earthquake, 0 indicates the disas-

ter year. For the number of years since the earthquake, 1, 2, 3, -1, -2, and -3 indicate 1 year

post, 2 years post, 3 years post, 1 year ago, 2 years ago, and 3 years ago, respectively.

Discussion

Relationship among large-scale earthquakes and the flow rates of pregnant

women

This study revealed that pregnant women moved to other prefectures in the aftermath of the

GHAE, Niigata Chuetsu earthquake, GEJE, and Kumamoto earthquake. As shown in

Table 1, the results suggest that the human and physical damage caused by large-scale earth-

quakes as well as the disconnection of utilities, such as electricity, gas, and water affected the

migration patterns of pregnant women. This is because if the time taken to restore facilities

is long, it may be difficult to secure medical resources and continued medical care, resulting

in a temporarily inadequate perinatal care system. It was reported that some pregnant

women had to change hospitals due to earthquake damage [34], and some considered mov-

ing out of the prefecture. In Fukushima, where concern about radiation exposure led to the

disaster being classified as a complex disaster, there was a long-term effect on the migration

patterns of pregnant women, and not just in the year of the earthquake. In fact, after the

GEJE, pregnant women who lived in Fukushima and the neighboring prefectures reported

radiation effects on the fetus and anxiety about breastfeeding [16, 17, 35, 36], and expectant

mothers were more worried about childbirth and childcare in Fukushima than in other

places after large-scale earthquakes. Radiation cannot be seen or felt, and exposure is known

to have a significant effect on fetal growth [37, 38]. Physical distance can prevent radiation

exposure, and even 10 years after the GEJE, some zones in Fukushima Prefecture remain

under exclusion, forcing residents to live elsewhere [39, 40]. Therefore, radiation exposure

can have long-term effects on women planning to have children. As shown above, the migra-

tion patterns of pregnant women after large-scale earthquakes may exhibit significant

changes that cannot be generally explained by the degree of damage alone when large-scale

earthquakes occur in succession, or when a complex disaster that gives rise to concerns

about radiation exposure occurs, as in the case of Kumamoto and Fukushima Prefectures. In

particular, concerns about radiation exposure have had long-term effects on women’s migra-

tion patterns.

Additionally, Japan has a custom called “homecoming birth,” which has been conceived to

reduce the burden of housework and childcare before and after childbirth and help postpar-

tum women achieve mental stability and physical recovery. It is a cultural practice in which

the pregnant woman’s parents help with all the general household work or take care of older

children, so that the mother can get rest [41–43]. Nevertheless, during the GEJE, it was

reported that some pregnant women from other prefectures gave up the tradition of home-

coming birth [17], which may be associated with the decreased inflow rate from a different

prefecture to give birth. Thus, we believe that the outflow and inflow rates shown in this study

are indicative of the overall evacuation behavior of pregnant women, including evacuation to

safe zones and cessation of homecoming birth.
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Factors influencing decision-making regarding inflow and outflow for

childbirth among pregnant women

In this study, we conducted a logistic regression analysis that included the number of children

and maternal age as explanatory variables. The results showed that pregnant women in the 25–

34 age group and primiparas were more likely to move for childbirth-related purposes. The

number of children is related to the migration patterns of pregnant women because multipa-

rous women who have school-going children may be hesitant to move out of the prefecture

due to anxiety about the procedures for changing schools, psychological stress caused by the

earthquake, and the possible increase of stress in an unfamiliar environment. In case of

women with infants and young children who need to be taken care of by their mothers, it may

be difficult for pregnant women to move around alone or unaided. Pregnant women need pre-

natal checkups and access to the healthcare system, which are highly important in case of com-

plications during pregnancy. Furthermore, although the results differ from those in this study,

a survey of community members who participated in the screening program at the time of the

GEJE reported that those under the age of 20 or living with children tended to evacuate volun-

tarily [44]. Thus, the movement of pregnant women is affected not only by the scale of the

disaster but also by personal and household-related factors.

In Japan, women receive support from the local government, such as childcare support,

vaccinations for newborns, and health checkups. If there is a discrepancy between the residen-

tial and notification address, they may not be able to receive prompt support. Lack of adminis-

trative support is associated with postpartum depression and anxiety in pregnant women [45]

and availability of such support plays an important role in promoting the health and growth of

the mother and child, respectively. Therefore, pregnant women who have not received appro-

priate support may have experienced increased mental burden due to unresolved confusion

and anxiety after the disaster. Existing studies have also reported that there is risk in giving

birth in a hospital other than the one where a pregnant woman has had regular checkups [46].

Therefore, there may have been a temporary increase in high-risk deliveries in areas unaffected

by the disaster.

Predicting disaster behavior in the event of a large-scale earthquake is important not just

for the administration of the affected areas, to make appropriate requests for assistance, but

also for those of the non-affected areas to plan their assistance for the affected areas. Japan is

an earthquake-prone country and has been hit by several major earthquakes. Therefore, as a

preparation for large-scale disasters in the non-affected area, during the acute phase of a disas-

ter, the number of pregnant women who have been evacuated from the affected areas may

increase, causing a temporary congestion in perinatal care. Hence, health clusters or govern-

ments need to establish a medical system or find methods to grasp the information regarding

the prenatal checkups’ process that can appropriately disperse evacuated pregnant women.

Moreover, preparation for a major disaster in the affected area should include establishing a

plan for receiving assistance during the disaster and the means to sequentially publicize the

results of a multifaceted investigation on restrictions for return.

Study strengths and limitations

The novelty of this study is that it investigates the long-term migration patterns of pregnant

women after large-scale earthquakes using vital statistics that ensured complete enumeration.

Furthermore, we calculated the outflow and inflow rate per 100 live births, which is a compara-

ble outcome measure, and compared it to four large-scale earthquakes and investigated the

relation between the degree of damage or other specificities and the migration patterns of

pregnant women.
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The study has a few limitations. First, the period between the delivery and submission of

details to the birth registry affected the accuracy of data collection. In Japan, mothers are rec-

ommended to submit details to the birth registry at their place of residence to apply for child

welfare and health insurance. However, the birth registry submissions can be made by family

members, and other members of the household can deliver the birth registry to their residen-

tial address, which may lead to an underestimation of migration-related numbers associated

with pregnant women using the registry.

Second, the model explained 60–65% of the total variance in inflow and outflow. Due to the

limited information available from the vital statistics, it was not possible to add explanatory vari-

ables, and it was only possible to analyze a simple regression model. In the future, we may be

able to improve the accuracy of the model further if we obtain additional information, such as

how long people have been living in their place of residence, their past experiences with earth-

quakes, and their purpose of movement. In addition, this study revealed that the flow rate differs

among prefectures in normal times. It is necessary to clarify the differences among prefectures

by considering the number of medical facilities and the degree of development of public trans-

portation systems. The Fukushima Health Management Survey conducted by the Fukushima

Prefecture follows up on the pregnant women living in the affected areas in the municipal units,

including the 13 evacuation ordered areas. In the future, we intend to use this data to conduct a

detailed survey on a municipal unit. Furthermore, it is necessary to clarify whether there are dif-

ferences in the pregnant women outflow and inflow rates by governmental restrictions on

returning within the affected prefecture through a more detailed municipality analysis.

Conclusion

After a large-scale earthquake, the migration patterns of pregnant women were found to be

different from those during normal times; the outflow rate increased and inflow rate

decreased. Pregnant women’s migration patterns after large-scale earthquakes without the

added effect of concerns regarding radiation exposure changed for just a year after the earth-

quake. Nevertheless, the outflow rate in Fukushima showed a significant change for 3 years

post, and the inflow rate for 2 years post, suggesting that concerns for radiation exposure pos-

sibly have a significant effect. Additionally, the movement of pregnant women is related to

their personal background, such as maternal age and number of children. Therefore, it is nec-

essary to establish plans for receiving assistance and support that consider the damage caused

by disasters and migration of pregnant women after disasters in both the affected and non-

affected areas.

Acknowledgments

We would like to thank Editage (www.Editage.com) for English language editing.

Author Contributions

Conceptualization: Yuta Inoue, Kazutomo Ohashi, Ling Zha, Tomotaka Sobue.

Data curation: Yuta Inoue, Takako Fujimaki, Anna Tsutsui.

Formal analysis: Yuta Inoue.

Funding acquisition: Tomotaka Sobue.

Methodology: Yuta Inoue, Kazutomo Ohashi, Yuko Ohno, Tomotaka Sobue.

Project administration: Yuko Ohno, Tomotaka Sobue.

PLOS ONE Migration patterns of pregnant women after disasters

PLOS ONE | https://doi.org/10.1371/journal.pone.0272285 August 1, 2022 10 / 13

http://www.Editage.com/
https://doi.org/10.1371/journal.pone.0272285


Software: Anna Tsutsui.

Supervision: Tomotaka Sobue.

Writing – original draft: Yuta Inoue.

Writing – review & editing: Kazutomo Ohashi, Takako Fujimaki, Anna Tsutsui.

References
1. Mitchell AM, Sakraida TJ, Zalice KK. Disaster care: Psychological considerations. Nurs Clin North Am.

2005; 40: 535–550. https://doi.org/10.1016/j.cnur.2005.04.006 PMID: 16111998

2. Van den Berg B, Grievink L, Yzermans CJ, Lebret E. Medically unexplained physical symptoms in the

aftermath of disasters. Epidemiol Rev. 2005; 27: 92–106. https://doi.org/10.1093/epirev/mxi001 PMID:

15958430

3. Oni O, Harville E, Xiong X, Buekens P. Relationships among stress coping styles and pregnancy com-

plications among women exposed to Hurricane Katrina. J Obstet Gynecol Neonatal Nurs. 2015; 44(2):

256–267. https://doi.org/10.1111/1552-6909.12560 PMID: 25712783

4. Zotti ME, Williams AM, Robertson M, Horney J, Hsia J. Post-disaster reproductive health outcomes.

Matern Child Health J. 2013; 17(5): 783–796. https://doi.org/10.1007/s10995-012-1068-x PMID:

22752348

5. Harville E, Xiong X, Buekens P. Disasters and perinatal health: a systematic review. Obstet Gynecol

Surv. 2010; 65(11): 713–728. https://doi.org/10.1097/OGX.0b013e31820eddbe PMID: 21375788

6. Sasaki H, Maruya H, Abe Y, Fujita M, Furukawa H, Fuda M, et al. Scoping review of hospital business

continuity plans to validate the improvement after the 2011 Great East Japan Earthquake and Tsunami.

Tohoku J Exp Med. 2020; 251(3): 147–159. https://doi.org/10.1620/tjem.251.147 PMID: 32641641

7. Ceferino L, Mitrani-Reiser J, Kiremidjian A, Deierlein G, Bambaren C. Effective plans for hospital sys-

tem response to earthquake emergencies. Nat Commun. 2020; 11(1): 4325. https://doi.org/10.1038/

s41467-020-18072-w PMID: 32859917

8. Ukai T. The Great Hanshin-Awaji Earthquake and the problems with emergency medical care. Ren Fail.

1997; 19(5): 633–645. https://doi.org/10.3109/08860229709109029 PMID: 9380882

9. Nagata T, Himeno S, Himeno A, Hasegawa M, Lefor AK, Hashizume M, et al. Successful hospital evac-

uation after the Kumamoto Earthquakes, Japan, 2016. Disaster Med Public Health Prep. 2017; 11(5):

517–521. https://doi.org/10.1017/dmp.2016.180 PMID: 28222816

10. ACOG (American College of Obstetricians and Gynecologists). ACOG committee opinion no. 457: Pre-

paring for disasters: Perspectives on women. Obstet Gynecol. 2010; 115(6): 1339–1342. https://doi.

org/10.1097/AOG.0b013e3181e45a6f PMID: 20502312

11. Japan Meteorological Agency. Information on the 2011 Great East Japan Earthquake [cited 2022 Feb

16]. In Japan Meteorological Agency [Internet]. https://www.jma.go.jp/jma/en/2011_Earthquake/

Information_on_2011_Earthquake.html

12. Nukui H, Midorikawa S, Murakami M, Maeda M, Ohtsuru A. Mental health of nurses after the Fukushima

complex disaster: narrative review. J Radiat Res. 2018; 59: 108–113.

13. Michikuni S. Public worry and question about radiation hazard–analysis of JHPS web-site opinion on

Fukushima I accident. Jpn J Health Phys. 2011; 46(3): 223–226.

14. Fukushima Revitalization Station. The Fukushima Health Management Survey. [cited 2022 May 16]. In

Fukushima Revitalization Station [Internet]. https://www.pref.fukushima.lg.jp/site/portal/kenkocyosa-

ninsanpu.html

15. Fukushima Revitalization Station. The Fukushima Health Management Survey. Notice on Question-

naire for Pregnancy and birth survey. [cited 2022 May 16]. In Fukushima Revitalization Station [Inter-

net]. https://www.fmu.ac.jp/univ/chiiki/health_survey/pdf/maternal/01_1.pdf

16. Fukushima Revitalization Station. The Fukushima Health Management Survey. Results. [cited 2022

May 16]. In Fukushima Revitalization Station [Internet]. https://www.pref.fukushima.lg.jp/uploaded/

attachment/284379.pdf

17. Yoshida H, Hayashi K, Ohta H, Ikeda Y, Otuka K, Harada N, et al. Primary care for obstetrics team:

PCOT. Official J Jpn Prim Care Assoc. 2015; 38: 136–141.

18. Tang Z, Zhang H, Bai H, Chen Y, Zhao N, Zhou M, et al. Residential mobility during pregnancy in Urban

Gansu, China. Health Place. 2018; 53: 258–263. https://doi.org/10.1016/j.healthplace.2018.08.021

PMID: 30196043

PLOS ONE Migration patterns of pregnant women after disasters

PLOS ONE | https://doi.org/10.1371/journal.pone.0272285 August 1, 2022 11 / 13

https://doi.org/10.1016/j.cnur.2005.04.006
http://www.ncbi.nlm.nih.gov/pubmed/16111998
https://doi.org/10.1093/epirev/mxi001
http://www.ncbi.nlm.nih.gov/pubmed/15958430
https://doi.org/10.1111/1552-6909.12560
http://www.ncbi.nlm.nih.gov/pubmed/25712783
https://doi.org/10.1007/s10995-012-1068-x
http://www.ncbi.nlm.nih.gov/pubmed/22752348
https://doi.org/10.1097/OGX.0b013e31820eddbe
http://www.ncbi.nlm.nih.gov/pubmed/21375788
https://doi.org/10.1620/tjem.251.147
http://www.ncbi.nlm.nih.gov/pubmed/32641641
https://doi.org/10.1038/s41467-020-18072-w
https://doi.org/10.1038/s41467-020-18072-w
http://www.ncbi.nlm.nih.gov/pubmed/32859917
https://doi.org/10.3109/08860229709109029
http://www.ncbi.nlm.nih.gov/pubmed/9380882
https://doi.org/10.1017/dmp.2016.180
http://www.ncbi.nlm.nih.gov/pubmed/28222816
https://doi.org/10.1097/AOG.0b013e3181e45a6f
https://doi.org/10.1097/AOG.0b013e3181e45a6f
http://www.ncbi.nlm.nih.gov/pubmed/20502312
https://www.jma.go.jp/jma/en/2011_Earthquake/Information_on_2011_Earthquake.html
https://www.jma.go.jp/jma/en/2011_Earthquake/Information_on_2011_Earthquake.html
https://www.pref.fukushima.lg.jp/site/portal/kenkocyosa-ninsanpu.html
https://www.pref.fukushima.lg.jp/site/portal/kenkocyosa-ninsanpu.html
https://www.fmu.ac.jp/univ/chiiki/health_survey/pdf/maternal/01_1.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/284379.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/284379.pdf
https://doi.org/10.1016/j.healthplace.2018.08.021
http://www.ncbi.nlm.nih.gov/pubmed/30196043
https://doi.org/10.1371/journal.pone.0272285


19. Hodgson S, Shirley M, Bythell M, Rankin J. Residential mobility during pregnancy in the north of

England. BMC Pregnancy Childbirth. 2009; 9: 52 https://doi.org/10.1186/1471-2393-9-52 PMID:

19912662

20. Raynes-Greenow CH, Nassar N, Roberts CL. Residential mobility in a cohort of primiparous women

during pregnancy and post-partum. Aust NZJ Public Health. 2008; 32(2): 131–134.

21. Kobayashi Y. Assistance received from parturients’ own mothers during ’Satogaeri’ (their perinatal visit

and stay with their parents) and development of the mother-infant relationship and maternal identity. J

Jpn Acad Midwif. 2010; 24(1): 28–39.

22. Shibata T, Helena SG, Hata T. Disaster waste characteristics and radiation distribution as a result of the

Great East Japan Earthquake. Radiat Res. 2017; 187(6): 647–658.

23. Cabinet Office Japan. Recent Major Natural Disasters (Since the Great Hanshin-Awaji Earthquake).

White paper Disaster Management in Japan 2015. [cited 2022 Feb 16]. In Cabinet Office Japan [inter-

net]. http://www.bousai.go.jp/kyoiku/panf/pdf/WP2015_DM_Full_Version.pdf

24. Kato A, Nakamura K, Hiyama Y. The 2016 Kumamoto earthquake sequence. Proc Jpn Acad Ser B

Phys Biol Sci. 2016; 92(8): 358–371. https://doi.org/10.2183/pjab.92.359 PMID: 27725474

25. Fukushima Revitalization Station [Internet]. [cited 2022 Feb 16]. In Fukushima Revitalization Station

[Internet]. https://www.pref.fukushima.lg.jp/uploaded/life/601073_1664070_misc.pdf

26. Fukushima Prefecture. Analysis of the damage caused by the Great East Japan Earthquake. [cited

2022 Feb 16]. In Fukushima Prefecture Government [Internet]. https://www.pref.fukushima.lg.jp/

uploaded/attachment/57673.pdf

27. Iwate Prefecture Government. Records of the Great East Japan Earthquake Tsunami in Iwate Prefec-

ture. [cited 2022 Feb 16]. In Iwate Prefecture Government [Internet]. http://iwate-archive.pref.iwate.jp/

wp/wp-content/uploads/2017/02/R0000129M001R0000015.pdf

28. Miyagi Prefecture Government. Damage from the Great East Japan Earthquake. [cited 2022 Feb 16].

In Miyagi Prefecture Government [Internet]. https://www.pref.miyagi.jp/documents/3686/01dai1syou.

pdf

29. Great Hanshin-Awaji Earthquake Disaster Status. [cited 2022 Feb 8]. In Great Hanshin-Awaji Earth-

quake Disaster Status [Internet]. https://www.fdma.go.jp/disaster/info/assets/post1.pdf

30. Reconstruction Agency. [cited 2022 Feb 16]. In Reconstruction Agency [Internet]. https://www.

reconstruction.go.jp/topics/hikaku2.pdf

31. Niigata Chuetsu Earthquake Disaster Status. [cited 2022 Feb 16]. In Niigata Chuetsu Earthquake

Disaster Status [internet]. http://www.bousai.go.jp/kaigirep/houkokusho/hukkousesaku/saigaitaiou/

output_html_1/case200404.html

32. Kumamoto Earthquake Disaster Status. [cited 2022 Feb 16]. In Kumamoto Earthquake Disaster Status

[Internet]. http://www.bousai.go.jp/kaigirep/houkokusho/hukkousesaku/saigaitaiou/output_html_1/pdf/

201601.pdf

33. Portal Site of Official Statistics of Japan [Internet]. System of Social and Demographic Statistics Prefec-

tural Data Social Indicators by Prefecture. System of Social and Demographic Statistics A Population

and Households [cited 2022 Feb 16]. https://www.e-stat.go.jp/en/dbview?sid=0000010201

34. Yasumura S, Hosoya M, Yamashita S, Kamiya K, Abe M, Akashi M, et al. Study protocol for the Fukush-

ima Health Management Survey. J Epidemiol. 2012; 22(5): 375–383. https://doi.org/10.2188/jea.

je20120105 PMID: 22955043

35. Ishii K, Goto A, Ota M, Yasumura S. Abe M, Fujumori K. Factors associated with infant feeding methods

after the nuclear power plant accident in Fukushima: Data from the pregnancy and birth survey for the

fiscal year 2011 Fukushima Health Management Survey. Matern Child Health J. 2016; 20: 1704–1712.

https://doi.org/10.1007/s10995-016-1973-5 PMID: 27028325

36. Yoshii H, Saito H, Kikuchi S, Ueno T, Sato K. Report on maternal anxiety 16 months after the Great

East Japan Earthquake Disaster: Anxiety over radioactivity. Glob J Health Sci. 2014; 6(6): 1–10. https://

doi.org/10.5539/gjhs.v6n6p1 PMID: 25363115

37. Williams PM, Fletcher S. Health effects of prenatal radiation exposure. Am Fam Physician. 2010;1; 82

(5): 488–493. PMID: 20822083

38. Sreetharan S, Thome C, Tharmalingam S, Jones DE, Kulesza AV, Khaper N, et al. Ionizing radiation

exposure during pregnancy: effects on postnatal development and life. Radiat Res. 2017; 187(6): 647–

658. https://doi.org/10.1667/RR14657.1 PMID: 28418814

39. Fukushima Revitalization Station. Radioactivity measurement map. [cited 2022 Feb 16]. In Fukushima

Revitalization Station [Internet]. https://www.pref.fukushima.lg.jp/site/portal-english/

40. Reconstruction Agency. Great East Japan Earthquake. [cited 2022 Feb 16]. In Reconstruction Agency

[Internet]. https://www.reconstruction.go.jp/english/topics/GEJE/index.html

PLOS ONE Migration patterns of pregnant women after disasters

PLOS ONE | https://doi.org/10.1371/journal.pone.0272285 August 1, 2022 12 / 13

https://doi.org/10.1186/1471-2393-9-52
http://www.ncbi.nlm.nih.gov/pubmed/19912662
http://www.bousai.go.jp/kyoiku/panf/pdf/WP2015_DM_Full_Version.pdf
https://doi.org/10.2183/pjab.92.359
http://www.ncbi.nlm.nih.gov/pubmed/27725474
https://www.pref.fukushima.lg.jp/uploaded/life/601073_1664070_misc.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/57673.pdf
https://www.pref.fukushima.lg.jp/uploaded/attachment/57673.pdf
http://iwate-archive.pref.iwate.jp/wp/wp-content/uploads/2017/02/R0000129M001R0000015.pdf
http://iwate-archive.pref.iwate.jp/wp/wp-content/uploads/2017/02/R0000129M001R0000015.pdf
https://www.pref.miyagi.jp/documents/3686/01dai1syou.pdf
https://www.pref.miyagi.jp/documents/3686/01dai1syou.pdf
https://www.fdma.go.jp/disaster/info/assets/post1.pdf
https://www.reconstruction.go.jp/topics/hikaku2.pdf
https://www.reconstruction.go.jp/topics/hikaku2.pdf
http://www.bousai.go.jp/kaigirep/houkokusho/hukkousesaku/saigaitaiou/output_html_1/case200404.html
http://www.bousai.go.jp/kaigirep/houkokusho/hukkousesaku/saigaitaiou/output_html_1/case200404.html
http://www.bousai.go.jp/kaigirep/houkokusho/hukkousesaku/saigaitaiou/output_html_1/pdf/201601.pdf
http://www.bousai.go.jp/kaigirep/houkokusho/hukkousesaku/saigaitaiou/output_html_1/pdf/201601.pdf
https://www.e-stat.go.jp/en/dbview?sid=0000010201
https://doi.org/10.2188/jea.je20120105
https://doi.org/10.2188/jea.je20120105
http://www.ncbi.nlm.nih.gov/pubmed/22955043
https://doi.org/10.1007/s10995-016-1973-5
http://www.ncbi.nlm.nih.gov/pubmed/27028325
https://doi.org/10.5539/gjhs.v6n6p1
https://doi.org/10.5539/gjhs.v6n6p1
http://www.ncbi.nlm.nih.gov/pubmed/25363115
http://www.ncbi.nlm.nih.gov/pubmed/20822083
https://doi.org/10.1667/RR14657.1
http://www.ncbi.nlm.nih.gov/pubmed/28418814
https://www.pref.fukushima.lg.jp/site/portal-english/
https://www.reconstruction.go.jp/english/topics/GEJE/index.html
https://doi.org/10.1371/journal.pone.0272285


41. Yosida K, Yamashita H, Ueda M, Tashiro N. Postnatal depression in Japanese mothers and the recon-

sideration of ‘Satogaeri burden’. Pediatr Int. 2001; 43(2): 189–193. https://doi.org/10.1046/j.1442-200x.

2001.01370.x PMID: 11285079

42. Ohga A. The trends and the future subjects of the research on the ‘Satogaeri Childbirth’. Yokohama J

Nurs. 2009: 2(1): 64–68.

43. Furukawa R. [Current reality about satogaeri bunben to support pregnant couples’ choice of the birth

place] Syussan basyo no sentaku wo enjo suru tame no satogaeri bunben no genjou (in Japanese) [in

print]. Japan Society of Matern Health. 2018; 59(2): 560–568. (https://researchmap.jp/read0112116/

misc/37229744)

44. Morita T, Nomura S, Furutani T, Claire Leppold, Tsubokura M, Ozaki A, et al. Demographic transition

and factors associated with remaining in place after the 2011 Fukushima nuclear disaster and related

evacuation orders. PLos One. 2018; 13(3): e0194134. https://doi.org/10.1371/journal.pone.0194134

PMID: 29538442

45. Milgrom J, Hirshler Y, Reece J, Holt C, Gemmill AW. Social support—A protective factor for depressed

perinatal women? Int J Environ Res Public Health. 2019; 16(8): 1426. https://doi.org/10.3390/

ijerph16081426 PMID: 31010090

46. Bohren MA, Hofmeyr GJ, Sakala C, Fukuzawa RK, Cuthbert A. Continuous support for women during

childbirth. Cochrane Database Syst Rev. 2017; 7(7): CD003766.

PLOS ONE Migration patterns of pregnant women after disasters

PLOS ONE | https://doi.org/10.1371/journal.pone.0272285 August 1, 2022 13 / 13

https://doi.org/10.1046/j.1442-200x.2001.01370.x
https://doi.org/10.1046/j.1442-200x.2001.01370.x
http://www.ncbi.nlm.nih.gov/pubmed/11285079
https://researchmap.jp/read0112116/misc/37229744
https://researchmap.jp/read0112116/misc/37229744
https://doi.org/10.1371/journal.pone.0194134
http://www.ncbi.nlm.nih.gov/pubmed/29538442
https://doi.org/10.3390/ijerph16081426
https://doi.org/10.3390/ijerph16081426
http://www.ncbi.nlm.nih.gov/pubmed/31010090
https://doi.org/10.1371/journal.pone.0272285

