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Abstract
This study aimed to examine whether risk of withdrawal from HTTx was higher in coastal areas that were severely damaged
by tsunami than in inland areas. We conducted a cross-sectional study of 9218 participants aged ≥20 years in Miyagi, Japan.
The odds ratios (ORs) and confidence interval (CI) for withdrawal from HTTx in coastal and inland groups were compared
using multivariate logistic regression analysis, adjusting for potential confounders. In total, 194 of 5860 and 146 of 3358
participants in the inland and coastal groups, respectively, withdrew from HTTx treatment. OR (95%CI) of withdrawal from
HTTx in the coastal group was 1.46 (1.14–1.86) compared to the inland group. According to housing damage, ORs (95%
CI) in the no damage, partially destroyed, and more than half destroyed coastal groups compared with the no damage inland
group were 1.62 (1.04–2.50), 1.69 (1.17–2.45), and 1.08 (0.71–1.65), respectively. In conclusion, the risk of HTTx
withdrawal for participants whose homes in coastal areas were relatively less damaged was significantly higher compared
with those in inland areas, while the risk of HTTx withdrawal for participants whose homes were more than half destroyed
was not. Post-disaster administrative support for disaster victims is considered vital for continuation of their treatment.

Keywords Degree of damage by earthquake ● Withdrawal ● Treatment for hypertension ● Great East Japan Earthquake ●

Cardiovascular disease prevention

Introduction

The 9.0-magnitude earthquake and tsunami that occurred on
March 11, 2011 triggered the Great East Japan Earthquake

(GEJE), causing extensive damage along Japan’s north-
eastern coast. As of June 10, 2021, 15,900 people have died
[1], with drowning causing >90% of the deaths [2]. In
addition to mental illness, psychological distress [3, 4], and
pain [5, 6]; cardiovascular disease (CVD) risk factors,
including increased incidence of hypertension [7], diabetes
[8], and metabolic syndrome [9]; increased body weight,
increased waist circumference, and decreased HDL-C [10];
as well as heart disease and cerebrovascular disease [11–13]
have been reported in GEJE survivors. Therefore, concerns
about the increase of CVD risk in the disaster area exist.

Many studies have reported an increased risk of CVD
and death as blood pressure increases [14–17]. Poor
adherence to medications including antihypertensives
increases the risk of CVD and death [18, 19]. Therefore,
taking appropriate medication and controlling blood pres-
sure is important to prevent CVD onset.

A study involving residents in GEJE-affected coastal
areas reported the association of psychological distress with
an increased risk of withdrawal from hypertension treatment
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(HTTx) [20]. A difference in patient behavior depending on
the degree of damage (e.g., human damage and house
damage) caused by natural disasters is possible; however, to
our knowledge, there are no reports comparing the risk of
HTTx withdrawal in inland areas with that in coastal areas
severely damaged by the tsunami. We hypothesized that
coastal residents were at a greater risk of HTTx withdrawal
than inland residents. To the best of our knowledge, this
study pioneers on this topic. Analysis was performed on
~10,000 hypertensive participants requiring treatment.

Methods

Study design, setting, and participants

This is a cross-sectional study based on the Tohoku Medical
Megabank Community-Based Cohort Study (TMM
CommCohort Study) [21]. The TMM CommCohort study is
a population-based cohort study designed to assess the long-
term health effects of the GEJE and evaluate the
gene–environment interactions in the onset of major dis-
eases such as cardiovascular disease and cancer.

The baseline survey of the TMM CommCohort Study
was conducted from May 2013 to March 2016 among
persons aged ≥20 years residing in Miyagi and Iwate pre-
fectures. It included three types of surveys: Type 1
(n= 40,433), Type 1 additional (n= 664), and Type 2 sur-
veys (n= 13,855). The Type 1 survey was conducted at the
sites of specific health checkups in the municipalities. In the
Type 1 survey, the following basic information was col-
lected: blood sample, urine sample, questionnaires, and
municipal specific health checkup data. The Type 1 addi-
tional survey was conducted on a different date from the
municipal specific health checkup with ToMMo and the
municipalities coordinating the date and locations.

The Type 2 survey used mass media to advertise for
enrollment. In addition to the information collected in the
Type 1 survey and the Type 1 additional survey, this survey
also collected detailed measurement regarding body com-
position, respiratory function, and carotid ultrasound ima-
ging. This survey was conducted at assessment centers—the
Community Support Center in Miyagi and Satellite
in Iwate.

This study included 40,433 participants living in Miyagi
who completed the Type 1 survey. We excluded those who
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withdrew consent as of October 5, 2021 (n= 1428), and
39,005 participants were involved in the study.

Among those participants, 36,652 responded to the
questionnaire. In total, 9746 of the respondents answered “I
have been diagnosed as having hypertension, and I am
currently under treatment” or “I have been diagnosed as
having hypertension, and I am withdrawal this treatment” in
response to a question about the treatment status of
hypertension.

Those with missing data on the degree of their housing
damage, place of residence (inland or coastal area), systolic
blood pressure (SBP), diastolic blood pressure (DBP), and
body mass index (BMI) were excluded (n= 528). Finally,
9218 participants were included in the study.

This study was approved by the Institutional Review
Board of the Tohoku Medical Megabank Organization
(approval number: 2022-4-126). All participants provided
written informed consent.

Outcome measurement: the treatment status of
hypertension

The treatment status of hypertension at the baseline survey
was obtained using a self-administered questionnaire.
The questionnaires were handed to the participants at the
site of the specific municipal health checkup, and the
completed questionnaires were returned to our research
center by mail.

The participant answered by selecting one of the fol-
lowing 5 items: (1) “I have been diagnosed as having
hypertension, and I am currently under treatment,” (2)
“I have been diagnosed as having hypertension and I
am withdrawal this treatment,” (3) “I have been diagnosed
as having hypertension, and I’m only careful about my
lifestyle,” (4) “I have been diagnosed with hypertension, but
I am currently following up without this treatment accord-
ing to the doctor’s instructions,” or (5) “I have never been
diagnosed with hypertension.”

In this study, participants who answered (3)–(5) were
excluded, thereby leaving only (1) and (2). Participants who
answered (1) and (2) were defined as “under HTTx” and
“withdrawal from HTTx,” respectively.

Exposure measurement

Residential area (inland areas or coastal areas)

The participants were classified into two residential
areas, inland and coastal, according to their address
information at the time of the baseline survey (extracted
on October 14, 2020). Details are shown in Supplementary
Fig. 1.

The degree of housing damage

The degree of housing damage was obtained by responding
to the self-administered questionnaire. The participants
selected one of the following items regarding their degree of
housing damage at the time of the GEJE. The items were:
“totally destroyed (totally destroyed outflow),” “large-scale
destroyed,” “half-destroyed,” “partially-destroyed,” “no
damage,” or “not living in the disaster area,” We have
divided these items into three categories: “totally
destroyed,” “large-scale half-destroyed,” and “half-
destroyed” together as “More than half destroyed,” and
“partially destroyed” as “Partially destroyed,” “No
damage,” and “No residence in the disaster area” were
combined and “No damage.”

Even within the inland and coastal areas, there are dif-
ferences in the degree of housing damage. Hence, the par-
ticipants who lived in inland and coastal areas were further
divided into three groups according to the damage to
their homes.

Variables

Age and sex were obtained from the information provided
in the consent form. The following information was
obtained from a self-administered questionnaire: smoking
status, drinking status, psychological distress assessed using
the K6 score, social network status assessed using the
Lubben Social Network Scale-6 (LSNS-6), educational
background, having a spouse, having children, living with
family, ever been diagnosed with diabetes, ever been
diagnosed with dyslipidemia, and employment status. The
year of the examination at the specific health checkup site
was used as the fiscal year of survey participation (FY2013,
FY2014, and FY2015). Missing values were defined as
“unknown.”

Smoking status was classified as “current smoker” if the
number of cigarettes smoked from birth to date was 100 or
more and the person was currently smoking, “ex-smoker” if
the number of cigarettes smoked from birth to date was 100
or more but the person did not currently smoke, and “never
smoker” if the number of cigarettes smoked from birth to
date was less than 100.

If the participants answered “yes” to the question “Do
you drink alcohol?”, they were categorized as “current
drinker,” if they answered “quit,” they were categorized as
“ex-drinker,” and if they answered “hardly (not at all)
drinkers” or “constitutionally unable to drink,” they were
categorized as “never drinker.”

A K6 score of ≥5 was defined as having psychological
distress [22–24]. If the LSNS-6 score was <12 points, the
participants were defined as socially isolated [25, 26]. The
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estimated daily salt intake was calculated using the Tanaka
formula [27], as follows:

Estimated 24HUNaV½mEq=day� ¼ 21:98� XNa0:392

PRCr½mg=day� ¼ � 2:04� ageþ 14:89� weight ½kg�
þ 16:14� height ½cm� � 2244:45

where XNa [mEq/day]= (SUNa [mEq/l]/SUCr [mg/dl]/
10) × PRCr [mg/day]; 24HUNaV= 24-h urinary sodium
excretion; PRCr= predicted value of 24-h urinary creati-
nine excretion; SUNa=Na concentration in the spot urine;
SUCr= creatinine concentration in the spot urine.

The estimated daily salt intake was classified into two
categories—above the median (>9.77) and below the
median (≤9.77).

BMI was calculated using data from height and weight
measured at the site of the specific municipal health
checkup. SBP and DBP were measured with the participant
in a sitting position using an upper arm automatic sphyg-
momanometer at the site of the specific municipal health
checkup. Although blood pressure was measured once or
twice per person, the first value was used for the analysis.

Statistical analyses

Logistic regression analysis was used to calculate the odds
ratios (ORs) and 95% confidence interval (CI) for with-
drawal from HTTx compared with that of the entire inland
group, or the inland (no damage) group. Covariates used in
the multivariate logistic regression analysis included age,
sex, the fiscal year of survey participation, smoking status
(current smoker, ex-smoker, never smoker, unknown),
drinking status (current drinker, ex-drinker, never drinker,
unknown), having psychological distress (yes, no,
unknown), social network scale (socially isolated, socially
connected, unknown), educational background (elementary/
junior high/high school, vocational school/junior college/
technical college, university or higher, other, unknown),
having a spouse (yes, no, unknown), having children (yes,
no, unknown), living with family (yes, no, unknown), ever
been diagnosed with diabetes, (yes, no, unknown), ever
been diagnosed with dyslipidemia, (yes, no, unknown),
employment status (employed, unemployed, unknown), and
estimated daily salt intake (above the median, below the
median, unknown).

Next, to examine whether the proportion of hyperten-
sives differed among participants “under HTTx” and
“withdrawal from HTTx,” we classified each subject into
six categories based on the “Classification of blood pressure
levels in adults” of the Japanese Society of Hypertension
Guideline for the Management of Hypertension [28] and
compared them using chi-square test. Furthermore, to

compare whether the blood pressure levels differed among
the participants “under HTTx” and “withdrawal from
HTTx,” analysis of covariance was used to compare the
SBP and DBP of the participants “under HTTx” and
“withdrawal from HTTx,” respectively. Covariates used
were age, sex, BMI, smoking status (current smoker, ex-
smoker, never smoker, unknown), drinking status (current
drinker, ex-drinker, never drinker, unknown), and estimated
daily salt intake (above the median, below the median,
unknown).

All statistical analyses were conducted using SAS ver-
sion 9.4 (SAS Inc, Cary, NC). Two-tailed p values < 0.05
were considered statistically significant.

Results

Table 1 shows the basic characteristics of the participants
according to the place of residence (inland and coastal
areas) and the degree of housing damage in the inland and
coastal group. The percentage of participants who withdrew
from HTTx was significantly higher in coastal areas com-
pared to inland areas. Furthermore, the percentage of par-
ticipants who withdrew from HTTx was higher in the no
damage and partially damaged categories in the coastal
group than in the inland group.

Table 2 shows the risk of withdrawal from HTTx in the
coastal group compared to the inland group. The ORs for
withdrawal from HTTx were significantly higher in the
coastal group compared to those in the inland group (OR
1.33, 95% CI 1.07–1.65). This association remained
unchanged after adjustment for age, sex, the fiscal year of
survey participation (Model 2: OR 1.44, 95% CI
1.13–1.83), and other confounding factors (Model 3: OR
1.46, 95% CI 1.14–1.86).

Next, the inland and coastal groups were further divided
into three groups according to the degree of housing
damage. Adjusted ORs for withdrawal from HTTx were
significantly higher in the no damage group (Model 3: OR
1.62, 95% CI 1.04–2.50) and partially destroyed group
(Model 3: OR 1.69, 95% CI 1.17–2.45) living in coastal
areas than in those living inland (Table 3). Adjusted ORs
for withdrawal from HTTx in the coastal group (more than
half destroyed) were similar to the no damage group in the
inland (Model 3: OR 1.08, 95% CI 0.71–1.65).

Figure 1 shows the frequency distribution of blood
pressure levels in participants under HTTx and in those who
withdrew from HTTx. For participants under HTTx and
those who withdrew from HTTx, the distribution was
skewed toward the group with lower and higher blood
pressure values, respectively (χ2 test, p < 0.001).

Supplementary Table 1 shows a comparison of adjusted
SBP and DBP between participants under HTTx and those
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who withdrew from HTTx. Participants who withdrew from
HTTx had significantly higher SBP and DBP than those
under HTTx (p < 0.001).

Discussion

In this study, we found that the risk of withdrawal from
HTTx was significantly higher in the coastal group than in
the inland group. When the inland and coastal groups were
further divided into three groups according to the degree of
housing damage, the risk of withdrawal from HTTx in the
coastal group (more than half destroyed) was similar to that
of the no damage group in the inland. We also found that
more participants who withdrew from HTTx had uncon-
trolled blood pressure levels (SBP ≥ 140 mmHg and/or
DBP ≥ 90 mmHg) than those who were under HTTx.

A possible reason for the higher risk of withdrawal from
HTTx in the coastal group compared to that of the inland
group is that access to medical institutions was blocked in
coastal areas. In Miyagi Prefecture, 128 of 147 hospitals
and 624 of 1626 clinics (as of July 2011) [29] were totally
or partially destroyed by the GEJE, and medical institutions,
mainly in coastal areas, were severely damaged by the
tsunami [30]. Furthermore, in the coastal areas of Miyagi
Prefecture, many cars were washed away by the tsunami
[30]; it was estimated that about 146,000 cars were
damaged [31]. Many tsunami survivors lost their cars,
which affects people’s daily lives long term, especially for
the aged. Therefore, individuals residing in coastal areas
may have withdrawn from treatment because they lost their
means of transportation or because nearby medical institu-
tions (e.g., their family doctor) were damaged and unable to

provide medical services. Once treatment has been with-
drawn, it remains withdrawn without resumption. Origin-
ally, a large proportion of the inland area of Miyagi
Prefecture was medically underserved with inadequate
transport; therefore, those living in inland areas are con-
sidered to be at high risk of withdrawal from HTTx. The
fact that the risk of withdrawal from HTTx is higher in the
coastal area than in the inland area indicates that the coastal
area was severely damaged by the GEJE, and hence, coastal
residents were unable to receive medical care.

An unexpected finding was a similar risk of withdrawal
from HTTx between the coastal (more than half destroyed)
and inland groups (no damage). One reason for this might
be the effectiveness of government measures regarding
medical expenses implemented after the earthquake. Those
whose homes were damaged by more than half were
exempted from a copayment of their medical bills, with
public support from the government [32]. Although the
period of copayment exemption differed depending on the
type of health insurance, those insured by the National
Health Insurance (NHI), which include most of the parti-
cipants of this study, were exempted from paying over-the-
counter copayments from the occurrence of the earthquake
until at least September 2012, if they fulfilled certain
requirements. After introducing this exemption measure, the
number of health insurance claims (per month and per
person) for medical outpatients for NHI reportedly
increased [33]. The “more than half destroyed” coastal
group may have been able to receive financial assistance,
contributing to the reduction in withdrawal from treatment.
Furthermore, in GEJE, ethical pharmaceuticals were trans-
ported to the three affected prefectures (Iwate, Miyagi, and
Fukushima) and supplied to evacuation centers [34, 35]. It

Table 2 Adjusted ORs (95%
CIs) for withdrawal from HTTx
in coastal areas

Inland area (n= 5860) Coastal areaa (n= 3358)

No. of participants under HTTx 5666 3212

No. of participants withdrawal from HTTx 194 146

Percentage of participants withdrawal from HTTx 3.3 4.3

Model 1: Crude OR (95% CI) 1.00 (Ref.) 1.33 (1.07–1.65)

p value 0.011

Model 2: Adjusted OR (95% CI) 1.00 (Ref.) 1.44 (1.13–1.83)

p value 0.003

Model 3: Adjusted OR (95% CI) 1.00 (Ref.) 1.46 (1.14–1.86)

p value 0.003

Model 1: unadjusted; Model 2: adjusted for age, sex, and fiscal year of survey participation; Model 3:
adjusted for age, sex, fiscal year of survey participation, smoking status, drinking status, having
psychological distress, social network status, educational background, having a spouse, having children,
living with family, ever been diagnosed with diabetes, ever been diagnosed with dyslipidemia, employment
status, and estimated daily salt intake

CI confidence interval, OR odds ratio, HTTx treatment for hypertension
aOdds ratios and 95% confidence intervals and p values for withdrawal from HTTx for the entire coastal area
compared to those of the inland area are shown

2724 R. Hatanaka et al.
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is possible that these supports kept participants who were
“more than half destroyed” continue taking their medicines.
Moreover, it is speculated that compared to people living in
their own houses after the disaster, those whose houses were
severely damaged and who had moved to evacuation shel-
ters or temporary housing may have better access to medical
institutions and pharmacies because of closer location, fre-
quent availability of buses, and better roads, among others.

A higher percentage of participants who withdrew
from HTTx had grade I hypertension or higher, and their
BP levels were significantly higher than of those under
HTTx (Fig. 1 and Supplementary Table 1). A recent meta-
analysis reported that a 5 mmHg decrease in SBP was
associated with an ~10% reduction in the risk of major
cardiovascular events [36]. In this study, SBP differed by
eight mmHg between those who withdrew from HTTx
and those who were under HTTx. Therefore, the risk of
CVD incidence in participants who withdrew from HTTx
might potentially increase by ~16% compared to those
under HTTx. Consequently, it is important to ensure that
individuals requiring treatment continue to receive HTTx
after a catastrophe.

Limitations

This study has a few limitations. First, because the timing of
withdrawal from HTTx (pre- or post-disaster) was
unknown, some of the participants in this study might have
withdrawn from treatment before the earthquake. However,
it is unlikely that there was such a large difference between
inland and coastal areas in this regard. Therefore, the pre-
sence of those who withdrew from treatment before the
earthquake is unlikely to affect the association between the
place of residence (inland or coastal) and the risk of with-
drawal from HTTx. Second, the time relationship between
the withdrawal of HTTx and BP measurements was not
clear. Although BP was measured prior to completing the
questionnaire, it is unclear whether the withdrawal from
HTTx occurred before or after the BP measurements.
However, the difference between the date of filling out the
questionnaire and the date of BP measurement was 83.0%
and 90.7% within 14 and 30 days, respectively (n= 8814).
It is unlikely that many people will intensively withdraw
treatment during this extremely short period. Therefore, the
majority of those who responded with “I am withdrawal this

BP, blood pressure; HT, hypertension; HTTx, treatment for hypertension. 

*P-values were derived using the chi-square test. 
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Fig. 1 Frequency distribution of
blood pressure levels in
participants under HTTx
(n= 8878) and in those
withdrawing from HTTx
(n= 340)

2726 R. Hatanaka et al.



treatment” can be assumed to have withdrawn from treat-
ment prior to BP measurement. Additionally, the higher BP
found in participants who withdrew from HTTx, as shown
in Supplementary Table 1, can be inferred as an effect of
withdrawal from treatment. Third, the address information
used in this study was not collected immediately after the
earthquake, but from the time of the baseline survey (2–5
years after the earthquake). If individuals moved across
inland and coastal areas between the earthquake and the
survey, the association between place of residence (inland
or coastal area) and risk of withdrawal from HTTx may
have been underestimated.

Conclusions

This study showed that the risk of HTTx withdrawal was
higher in the coastal areas (i.e., areas that were more severely
affected by the tsunami) compared to the inland areas of
Miyagi Prefecture. The study also showed that the risk of
HTTx withdrawal was higher for participants whose homes
were relatively less damaged among the coastal areas, while
the risk of HTTx withdrawal for participants whose homes
were more than half destroyed was similar to the inland areas.
In addition, more participants who withdrew from HTTx had
hypertension than those who were under HTTx. Those whose
homes were more than half-destroyed may have been able to
continue their treatment with government support such as
through medical expenses exemption and being given a supply
of ethical pharmaceuticals. Post-disaster administrative support
for disaster victims, such as financial support, is considered
vital for the prevention of the onset of CVD.
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