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Abstract
The 11 March 2011 earthquake and tsunami in Japan resulted in ~19,000 lost lives and the displacement of nearly a quarter
million people owing to extensive property damage and evacuation from the nuclear meltdown in Fukushima. We sought to
prospectively examine whether exposure to disaster-related trauma affected blood pressure levels among young children. We
sampled children in three affected prefectures (Miyagi, Fukushima, Iwate) and one unaffected prefecture (Mie). The
participants (mean age 6.6 years) and their caregivers answered a baseline survey (N= 320) and a follow-up survey 4 years
after the earthquake (N= 227, follow-up rate 71%). Disaster-related trauma was assessed at the baseline, and blood pressure
measurements were taken at the follow-up. We converted blood pressure data into age/sex/height-specific z-scores. In linear
regression models, we controlled for body mass index, income, age, sex, and housing situation (living in the same house as
before the disaster, in a shelter, or in a new house). The number of traumatic experiences was related to diastolic blood
pressure in a dose-dependent manner but was not related to systolic blood pressure. Children reporting four or more
traumatic experiences had marginally significant elevated diastolic blood pressure (β= 0.43, p= 0.059). Among specific
types of disaster trauma, witnessing a fire was significantly related to higher diastolic blood pressure (β= 0.60, p= 0.009).
In conclusion, disaster-related trauma was associated with higher diastolic blood pressure among young children 4 years
after the traumatic events.
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Introduction

On 11 March 2011, an immense earthquake and ensuing
massive tsunami brought devastating impacts to east Japan.
The earthquake was the one of the largest recorded in his-
tory, with a Richter-scale magnitude of 9.0. The disaster
caused the loss of an estimated 19,630 lives, with an
additional 2569 people listed as missing and 6230 injured
[1]. More than 6 years after the disaster, nearly 84,000
people still remain displaced [2].

Among survivors, children have been identified as a
vulnerable group, particularly with regard to the life-long
consequences of exposure to disaster-related trauma. Pre-
vious studies of young survivors of the Great East Japan
Earthquake disaster found that experiences of disaster-
related trauma were related to more behavioral problems
(2 years after the disaster), including suicidal ideation up to
3 years after the disaster [3, 4]. On the other hand, young
children might be more resilient than other age groups given
their plasticity and ability to become resilient [5]. However,
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one question that has been less well documented is whether
trauma experiences have lingering effects on aspects of
children’s physical health, such as their blood pressure.

Previous literature has studied the impacts of disasters on
blood pressure among adult survivors, including in the
aftermath of the Great East Japan Earthquake. For example,
affected civil servants showed significantly greater blood
pressure increases than nonpublic employees in the disaster-
affected area ~8 months after the event [6]. Two years after
the disaster, people evacuated from Fukushima showed
significantly higher blood pressure [7]. Only one previous
report attempted to investigate the effects of disaster-related
trauma on children; this study examined cardiometabolic
profiles, including peripheral arterial stiffness, in adoles-
cents and young children who were living close to the
World Trade Center during the 9.11 terrorist attacks ~14
years after the event [8]. This study did not show any
adverse effects of traumatic experiences on cardiometabolic
measures.

Higher blood pressure in childhood (even within the
“normal” range) is known to track into adulthood and
increase the risk of hypertension [9]. In addition, elevated
blood pressure among children and adolescents has been
reported to be associated with target organ damage,
including left ventricular hypertrophy, increased carotid
intimal-medial thickness, and renal damage [10–13].

In the current study, we sampled children from three
areas directly affected by the 2011 Great East Japan
Earthquake: Miyagi and Iwate prefectures (which were

devastated by the earthquake and tsunami), and Fukushima
prefecture (which was directly affected by the earthquake,
tsunami and nuclear disaster). We also sampled children
from Mie prefecture (which was not affected). Our aim was
to examine the long-term impact of disaster-related trauma
on blood pressure among young children.

Methods

Data from the Great East Japan Earthquake Follow-up for
Children (GEJE-FC) were used. We have previously
described our study sample [4]. As summarized in Fig. 1,
after the disaster, we focused on three affected Japanese
prefectures—Iwate, Miyagi, and Fukushima—which were
severely impacted by the earthquake and tsunami (Iwate,
Miyagi) or by radiation from the Fukushima nuclear power
plant explosion. Focusing on municipalities with severe
damage, three municipalities from Iwate, one from Miyagi,
and four from Fukushima were selected. We reached out to
all of the local preschools, inviting them to join our study.
Four out of 32 preschools in Iwate, two out of 16 in Miyagi,
and four out of 120 Fukushima agreed to participate.
Refusals were mainly owing to the turnover of residents as
people had to leave their city. Finally, we approached the
parents of 787 children from September 2012 to June 2013.
We obtained informed verbal assent from the children and
written consent from the parents (n= 220, initial response
rate; 28.0%).

Fig. 1 Participant flow for the
analytic sample
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Approximately one and half years after the earthquake
(from September 2012 to June 2013), we conducted the
baseline study in 182 children, and 55 siblings were also
added by informed consent (for a total of 237 children). The
participants were invited again to join the follow-up study
(n= 156, follow-up rate in the disaster-affected area: 66%),
which was implemented ~ 4 years after the disaster, from
July 2014 to January 2015.

For our control sample, we also recruited children from
Mie Prefecture, which is located in the central region of
Japan and was not directly affected by the disaster despite
being located in a coastal area. Informed consent was
obtained from the parents of 85 children (initial response
rate: 12%), 80 of whom participated in the baseline study.
After adding three siblings of these participants, the baseline
measures were completed in a total of 83 children, and 71
children participated in the follow-up (follow-up rate: 86%).

A total of 320 children (237 in the disaster-affected areas
and 83 in the control area) enrolled in the baseline study,
and 227 (156 in the disaster-affected areas and 71 in the
control area) completed the follow-up study (overall follow-
up ratio: 71%). This research and the informed consent
procedure were approved by the Research Ethics Commit-
tee at the National Center for Child Health and Develop-
ment and Tokyo Medical and Dental University.

Measurements

At baseline, a child psychiatrist or clinical psychologist
interviewed each child about his or her subjective traumatic
experiences. Privacy was maintained by interviewing each
child in a separate room within a local community center.
The list of potential traumatic experiences included losing a
family member or close relative in the disaster, losing a
close friend or distant relative, witnessing the tsunami
waves, witnessing someone being swept away by the tsu-
nami, witnessing a fire, being subject to lifestyle restrictions
owing to radiation (e.g., being unable to play outside or
drink tap water) and witnessing at least one dead body.
Caregivers also completed questionnaires and reported the
children’s trauma experiences, such as being separated from
their family and losing or experiencing damage to their
homes.

At the follow-up study, the participants underwent a
series of physiological measurements, including height,
weight and blood pressure. After a rest period, both systolic
blood pressure (SBP) and diastolic blood pressure (DBP)
were measured three times by trained testers using auto-
matic oscillometric sphygmomanometers (Omron HEM-
7080IT, Omron Healthcare Co. Ltd, Kyoto, Japan), and the
average of the 2nd and 3rd SBP and DBP measurements
were used as the outcome. Regarding height and weight,
participants were asked to take shoes off but leave other

clothes on. The error ranges were ± 0.1 mm for height and ±
0.1 kg for weight.

Because height, weight, and sex have a strong influence
on children’s blood pressure, SBP and DBP were both
converted into z-scores based on these factors following a
validated procedure and US reference values established by
the U.S. Centers for Disease Control [14]. All other infor-
mation, e.g., family size and household income in the
follow-up year, was obtained from the caregivers via
interviews and questionnaires.

Statistical analysis

The association between the number of traumatic events and
blood pressure z-score was investigated using ordinary least
squares regression analysis. We also examined the asso-
ciation between each specific type of traumatic experience
and blood pressure z-scores. In multivariable adjusted
models, we controlled for potential mediators, including
body mass index, family size, adjusted household income,
age, sex, and housing status at the time of the follow-up
study. We also included indicator variables (fixed effects)
for each prefecture.

Results

Table 1 shows the characteristics of the follow-up sample.
The mean age of the baseline sample was 6.5 years (stan-
dard deviation: 1.4), and that of the follow-up sample was
8.5 years (mean age 6.7 as of the baseline survey) (standard
deviation: 1.2). Among the sample, 7.0% experienced 4 or
more traumatic experiences, 42.7% had experienced 1–3,
and 50.2% had no exposure to any disaster-related trauma.
In addition, 63.9% of the children lived in their previous
house, 8.8% were still living in a shelter, and 25.1% were
living in a new house.

The relationship between the number of traumatic
experiences and blood pressure was examined using
regression analysis, as shown in Table 2. In model 1, when
crude regression analysis was employed, both SBP and
DBP z-scores were significantly elevated only among the
group with 1–3 traumatic experiences (SBP z-score: β=
0.32 p= 0.008, DBP z-score: β= 0.21 p= 0.049). In the
group with four or more traumatic experiences, both SBP
and DBP tended to be elevated (SBP z-score: β= 0.31 p=
0.19, DBP z-score: β= 0.37 p= 0.067), although the
associations were not statistically significant. In model 2,
which adjusted for sex, age, BMI, housing status, household
adjusted income and prefecture fixed effects, no association
was found between SBP z-scores and the number of trau-
matic experiences. However, a marginally significant rela-
tionship remained between the number of traumatic
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experiences and the DBP z-score. Compared with children
without traumatic experiences, the group with 1–3 experi-
ences had a 0.08-point higher DBP z-score (p= 0.56), and
the group with four or more experiences had a 0.43-point
elevated DBP z-score (p= 0.059), suggesting a dose–
response association.

We reran the regression models to examine the associa-
tion between each specific type of traumatic experience and
blood pressure, and the results are presented in Table 3. In
model 1, none of the individual traumatic experiences was
related to SBP or DBP z-scores. In model 2, only “wit-
nessing a fire” was related to elevated DBP z-scores (β=
0.60 p= 0.009), whereas other experiences were not related
to SBP or DBP z-scores.

Discussion

To our knowledge, this is the first study to focus on the
association between disaster-related trauma and blood
pressure among young children in the aftermath of the Great
East Japan Earthquake. We found that more exposure to
traumatic experiences was marginally related in a dose–
response manner to increased levels of DBP in a pediatric
sample up to 4 years after the earthquake. Interestingly,
there was no correlation between disaster-related trauma
and SBP after controlling for potential confounding factors.

Table 1 Demographic characteristics, trauma exposure related to the
earthquake, and physiologic characteristics (N= 227; 156 from
disaster-affected areas and 71 from Mie)

Follow-up (N= 227)

n or mean % or SD

Mean child age in years 8.5 1.2

Child sex

Boys 115 50.7

Girls 112 49.3

Exposure to trauma events related to Great East Japan Earthquake

Home damaged 65 28.6

Separation from family 43 18.9

Lost at least one family member or close
relative

12 5.3

Lost at least one friend 14 6.2

Witnessed tsunami waves 43 18.9

Witnessed someone being swept by tsunami 8 3.5

Witnessed a fire 20 8.8

Lifestyle was restricted owing to radiation 21 9.3

Saw at least one dead body 5 2.2

The number of earthquake-related trauma events (0–5)

0 114 50.2

1–3 97 42.7

4+ 16 7.0

The number of sample from each prefecture

Iwate 64 28.2

Miyagi 42 18.5

Fukushima 50 22.0

Mie 71 31.3

Family size 4.2 1.6

Mean BMI 17.3 2.9

Household income in fiscal year 2013 (Japanese Yen*)

<1 million 12 5.3

<2 million 11 4.8

<3 million 16 7.0

<4 million 29 12.8

<5 million 31 13.7

<6 million 32 14.1

<7 million 21 9.3

<8 million 21 9.3

<9 million 21 9.3

≤10 million 22 9.7

Missing 11 4.8

Housing status at 2014

Same as before the disaster 145 63.9

Living in a shelter 20 8.8

Living in a new house 57 25.1

Missing 5 2.2

Systolic blood pressure

Iwate 102.6 10.3

Table 1 (continued)

Follow-up (N= 227)

n or mean % or SD

Miyagi 102.7 8.0

Fukushima 103.4 11.9

Mie 96.6 8.7

Systolic blood pressure z-score

Iwate 0.41 0.85

Miyagi 0.28 0.73

Fukushima 0.38 1.02

Mie −0.23 0.74

Diastolic blood pressure

Iwate 61.6 10.0

Miyagi 61.9 9.79

Fukushima 60.7 8.15

Mie 57.8 7.57

Diastolic blood pressure z-score

Iwate 0.26 0.84

Miyagi 0.21 0.85

Fukushima 0.12 0.70

Mie −0.11 0.63

1218 M. Watanabe et al.



Table 2 Regression analysis on the association between the number of traumatic events and blood pressure z-scores (N=227)

MODEL1 MODEL2

β 95% CI p value β 95% CI p value

Systolic blood pressure z-score

The number of traumatic experiences

0 Reference Reference

1–3 0.32 0.08–0.56 0.008 −0.07 −0.36–0.22 0.634

4+ 0.31 −0.15–0.77 0.185 0.16 −0.32–0.63 0.517

Sex

Male Reference

Female −0.11 −0.31–0.09 0.285

Age

(unit: 1 year) −0.01 −0.11–0.08 0.751

BMI score

(unit: 1 BMI score) 0.12 0.08–0.15 <0.001

Equivalised income

<25 percentile Reference

>25 percentile, <50 percentile, −0.21 −0.50–0.07 0.141

>50 percentile, <75 percentile, −0.13 −0.42–0.16 0.371

<75 percentile −0.56 −0.87 to −0.26 <0.001

Missing 0.3 −0.21–0.81 0.251

Housing status at 2014

Same as before the disaster Reference

Living in a shelter −0.28 −0.67–0.11 0.155

Living in a new housing −0.24 −0.49–0.00 0.055

Missing 0.41 −0.30–1.12 0.256

Prefecture

Iwate Reference

Miyagi −0.03 −0.35–0.29 0.861

Fukushima 0.19 −0.11–0.49 0.216

Mie −0.44 −0.75 to −0.13 0.006

Diastolic blood pressure z-score

The number of traumatic experiences

0 Reference Reference

1–3 0.21 0.00–0.41 0.049 0.08 −0.19–0.35 0.563

4+ 0.37 −0.03–0.77 0.067 0.43 −0.02–0.87 0.059

Sex

Male Reference

Female 0.04 −0.15–0.23 0.712

Age

( unit: 1 year) −0.09 −0.17 to −0.00 0.041

BMI score

(unit: one BMI score) 0.1 0.06–0.13 <0.001

Equivalised income

<25 percentile Reference

>25 percentile, <50 percentile, −0.01 −0.28–0.25 0.938

>50 percentile, <75 percentile, −0.02 −0.29–0.24 0.855

<75 percentile −0.17 −0.45–0.12 0.256

Missing 0.26 −0.22–0.74 0.29
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Among the specific types of trauma experiences, only wit-
nessing a fire was correlated with elevated DBP.

Previous studies also found short-term blood pressure
changes following disaster exposure, but almost all focused
on adult samples. A study among hypertensive outpatients
affected by the Hanshin-Awaji Earthquake in 1995 (mean
age 68 years) found significant increases in blood pressure
up to 4 weeks after the disaster but a return to the baseline
within 6 months [15]. Similarly, diabetic patients (mean age
68) had significantly higher SBP up to 3 months after the
Niigata Earthquake in 2004; however, it returned to the
baseline by 6 months [16]. A 4-year follow-up study of
survivors (mean age 41 years) of an Italian earthquake in
1982 showed no difference in blood pressure from the
baseline [17]. Although hypertensive patients who survived
Hurricane Katrina in 2005 (mean age 62 years) presented
significantly elevated SBP 6–16 months after the disaster,
longer term follow-up has not been reported [18].

As a previous review reported that mental stress was a
factor that elevated blood pressure [19], stress and allostatic
load are the hypothesized mechanisms underlying an asso-
ciation between trauma experiences and blood pressure
[20]. It has been reported that higher levels of plasma
endothelin-1, a potent vasoconstrictor that elevates blood
pressure [21], are found in healthy adolescents and young
adults with a history of adverse childhood experiences [22].
In addition, adults with a history of childhood adversity
were shown to have significantly higher basal inflammatory
cytokine secretion levels [23, 24], which also leads to
arterial stiffness and elevated blood pressure [25]. Addi-
tional mechanisms may involve changes in lifestyle beha-
viors, such as changes in physical activity owing to mental
stress. For example, children in the Fukushima restriction
zone were discouraged from exercising outdoors owing to
the fear of radiation contamination.

Trauma experiences were related to DBP but not SBP in
our study. A previous study also showed that a history of
child abuse was more robustly associated with increases in
DBP than SBP among adolescents aged 13–17 years old
[26]. In fact, the Framingham heart study revealed that
isolated diastolic hypertension is more prevalent in younger
people than in older population [27]. These studies suggest
that in childhood, stressors such as exposure to traumatic
experiences might increase peripheral vascular resistance,
which induces elevated DBP. It also increases SBP, but
only slightly, as a result of the elasticity of the arterial wall
among children. Therefore, we observed an association
between disaster-related trauma and isolated DBP elevation,
but not SBP elevation. Further studies to elucidate the
association between trauma experience in childhood and the
elasticity of arterial wall function are warranted.

Some limitations of our study should be noted. First, our
sample size was relatively small, partly owing to the low
response rate to the baseline survey; consequently, our
analysis was underpowered to study some associations, e.g.,
specific types of disaster experiences and blood pressure. It
is possible that there was selection into the study—e.g., by
parents who were concerned about their child’s blood
pressure (e.g., because of a family history of hypertension).
However, this type of selection presumably also applied to
the control sample (from Mie); therefore, the direction of
bias was not necessarily away from the null. Second, we did
not ask our sample to refrain from food intake before the
blood pressure measurement, and we implemented the study
throughout the day, which could have altered the blood
pressure outcomes. Presumably, these alterations were
random and introduced bias toward the null. Third, we
attempted to control for confounding factors—i.e., prior
common causes of disaster experiences and blood pressure,
such as household socioeconomic status. However, it is

Table 2 (continued)

MODEL1 MODEL2

β 95% CI p value β 95% CI p value

Housing status at 2014

Same as before the disaster Reference

Living in a shelter −0.2 −0.57–0.16 0.276

Living in a new housing −0.19 −0.42–0.04 0.103

Missing 0.62 −0.05–1.29 0.067

Prefecture

Iwate Reference

Miyagi −0.01 −0.31–0.29 0.944

Fukushima 0.03 −0.25–0.31 0.847

Mie −0.18 −0.47–0.11 0.214

Model 2 is adjusted for sex, age, BMI, equivalised income, housing status, and prefectures. β=change per unit in blood pressure z-score. 95%
CI=95% confidence interval
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possible that there was residual confounding by other
unobserved factors. Fourth, we did not assess blood pres-
sure before the earthquake; hence, we cannot infer whether
the disaster experiences directly caused the elevation in
blood pressure.

Disaster-related trauma appeared to be associated with
higher diastolic blood pressure among young children up to
4 years after the disaster. Long-term follow-up of disaster
survivors, including physiologic features such as renal
function, is needed given that pediatric blood pressure

Table 3 Regression analysis on the association between each traumatic events and blood pressure z-scores (N = 227)

MODEL1 MODEL2

β 95% CI p value β 95% CI p value

Systolic blood pressure z-score

Damage on housings (65 cases)

0.15 −0.14–0.44 0.318 0.03 −0.33–0.27 0.861

Lost at least one family member or close relative (12 cases)

0.25 −0.30–0.81 0.372 0.05 −0.53–0.43 0.839

Lost at least one friend (14 cases)

−0.18 −0.69–0.33 0.489 −0.26 −0.70–0.19 0.253

Witnessed tsunami waves (43 cases)

−0.13 −0.50–0.25 0.504 −0.24 −0.57–0.09 0.152

Witnessed someone being swept by tsunami (8 cases)

0.09 −0.63–0.80 0.807 0.17 −0.44–0.78 0.578

Witnessed a fire (20 cases)

0.35 −0.14–0.84 0.165 0.47 −0.01–0.94 0.053

Witnessed a dead body (5 cases)

0.12 −0.70–0.93 0.779 −0.04 −0.75–0.66 0.902

Lifestyle was restricted owing to radiation (21 cases)

0.33 −0.10–0.76 0.129 0.17 −0.25–0.59 0.423

Separation from family (43 cases)

−0.05 −0.37–0.27 0.750 −0.17 −0.47–0.13 0.274

Diastolic blood pressure z-score

Damage on housings (65 cases)

0.20 −0.05–0.45 0.115 0.10 −0.18–0.38 0.486

Lost at least one family member or close relative (12 cases)

0.28 −0.20–0.76 0.250 0.13 −0.32–0.59 0.559

Lost at least one friend (14 cases)

−0.12 −0.55–0.32 0.595 −0.05 −0.47–0.36 0.797

Witnessed tsunami waves (43 cases)

−0.09 −0.41–0.23 0.562 −0.09 −0.4–0.22 0.555

Witnessed someone being swept by tsunami (8 cases)

−0.11 −0.73–0.50 0.719 −0.10 −0.67–0.48 0.744

Witnessed a fire (20 cases)

0.39 −0.03–0.81 0.068 0.60 0.15–1.04 0.009

Witnessed a dead body (5 cases)

−0.01 −0.71–0.69 0.976 −0.05 −0.71–0.61 0.875

Lifestyle was restricted owing to radiation (21 cases)

0.22 −0.15–0.58 0.250 0.19 −0.20–0.58 0.346

Separation from family (43 cases)

−0.18 −0.45–0.10 0.211 −0.20 −0.48–0.08 0.169

Model 2 is adjusted for sex, age, BMI, equivalised income, housing status and prefectures. β= change per unit in blood pressure z-score. 95%CI
= 95% confidence interval
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elevation tracks into adulthood and increases the risk of
cardiovascular diseases in adulthood.
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