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ABSTRACT

Background and objectives The Kumamoto earthquakes
struck Kumamoto prefecture, in the southwest part

of Japan in April 2016. Physical and mental disorders
presenting to hospital increased after the 2016 Kumamoto
earthquakes. Impaired access to primary care due to

the earthquakes may have contributed to this increase.
However, it is not known whether the 2016 Kumamoto
earthquakes affected access to primary care. The objective
of the present study was to investigate the impact of

the 2016 Kumamoto earthquakes on short-term health
conditions by analysing ambulatory care sensitive
conditions (ACSCs), using administrative data from
Kumamoto prefecture.

Design A retrospective cohort study.

Setting Residents enrolled in National Health Insurance or
Late Elders’ Health Insurance from Kumamoto prefecture,
Japan.

Participants All hospital admissions due to ACSCs
between 15 March and 16 May in each year from 2013 to
2016.

Outcome measures ACSCs are defined as conditions

for which appropriate primary care interventions could
prevent admission to the hospital.

Results We identified a total of 7921, 18 763 and 85436
admissions for vaccine, acute and chronic preventable
ACSCs, respectively, during the study period. Admissions
within 7 days after the 2016 Kumamoto earthquakes
increased to 32.6% (10.2, 59.5), 44.1% (27.0, 63.5)

and 27.7% (20.2, 35.6) for vaccine-preventable, acute
and chronic ACSCs, respectively. However, admissions

for ACSCs did not change significantly 30 days after the
earthquakes.

Gonclusion The 2016 Kumamoto earthquakes were
associated with increased hospital admissions for ACSCs.
The impact of the earthquakes on admissions for ACSCs
did not persist for more than 7 days.

INTRODUCTION

The 2016 Kumamoto earthquakes struck
Kumamoto prefecture, in the southwest
part of Japan. Two earthquakes, of Japanese
seismic intensity scale 7, occurred in April
2016. The earthquake sequence consisted

Strengths and limitations of this study

» This study is first to evaluate the effects of the 2016
Kumamoto earthquakes on preventable hospital
admissions.

» The database does not include information related to
the degree of damage by the earthquakes in differ-
ent areas within Kumamoto prefecture.

» The data for patients who enrolled in other health in-
surance systems were not included in the database.

» The use of these ambulatory care sensitive condi-
tions in Japanese primary care settings remains to
be further studied for validity.

of a powerful foreshock on 14 April (magni-
tude 6.5) followed by a larger mainshock on
16 April (magnitude 7.3). A total of 183882
residents were evacuated to 855 shelters (the
majority of the shelters were elementary or
junior high schools) just after the earthquakes
and 1week later, the number of evacuees was
approximately 70 000." As of 13 April 2017,
there were 228 fatalities and approximately
200000 homes were completely destroyed,
half-destroyed or partially destroyed." Many
hospitals and clinics were also partially
destroyed and lost their capacity to function.
Of 2530 medical and dental clinics, struc-
tures or equipment were destroyed in 1302
institutions.”

Ambulatory care sensitive conditions
(ACSCs) are defined as conditions for which
appropriate intervention in primary care
could obviate the need for hospital admis-
sion.”* ACSCs have been used as indicators of
the accessibility and quality of primary care.’
Previous studies have reported that physical*™®
and mental” "’ disorders presenting to hospital
increased after the earthquakes. Similarly,
increased incidence of stroke,11 cardiovas-
cular disease,12 pneumonia,12 exacerbation
of Parkinson’s disease’® and seizures'* has
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been reported after the 2016 Kumamoto earthquakes.
Impaired access to primary care due to the earthquakes
may have contributed to this increase. On the basis of the
data on the number of destroyed clinics, access to primary
care probably decreased after the earthquakes. However,
the impact of the 2016 Kumamoto earthquakes on access
to primary care has not been studied.

The objective of the present study was to investigate the
impact of the 2016 Kumamoto earthquakes on short-term
health conditions with regard to ACSCs, using an admin-
istrative database from Kumamoto prefecture.

METHODS

Data source and population

In this retrospective cohort study, patient data were
extracted from two claims databases. The first database
belongs to the National Health Insurance of Kumamoto
prefecture, which is a community-based health insurance
plan, and mainly insures self-employed, the irregularly
employed, pensioners younger than 75 years and their
families. The second database is from the Late Elders’
Health Insurance, which is a health insurance plan
for people aged 75 years or older. These plans include
approximately 800000 enrolees, representing about 50%
of the residents of Kumamoto prefecture. According
to the census, the population in Kumamoto prefecture
before the earthquakes was 1 813 000, and 6 months after
the earthquakes it decreased by approximately 6000.
The enrolees are older and have lower incomes than
the average population in Japan. The database includes
patientlevel demographic data, a date-stamped diag-
nosis coded according to the International Classification
of Diseases 10th Revision (ICD-10) and date-stamped
inpatient and outpatient medical and pharmacy claims
(procedure and prescription codes). All data were anony-
mised and deidentified after generating a pseudonymised
number specific to the database.

We extracted data for patients from all hospital admis-
sions due to ACSCs between 15 March and 16 May of each
year from 2013 to 2016, which includes the dates for 30
days before the foreshock to 30 days after the mainshock.
We defined the period between 15 March 2016 and 13
April 2016 as ‘before the quake’ and the period from 17
April 2016 to 16 May 2016 as ‘after the quake’. We defined
the corresponding data of the years from 2013 to 2015 as
the control period. Since the impact of the earthquakes
on ACSCs was estimated to decrease with time, we also
estimated the impact of the earthquakes on ACSCs for
1week before and after the earthquakes.

Ambulatory care sensitive conditions

ACSCs are defined as conditions for which an appropriate
primary care intervention could prevent admission to the
hospital.” * ACSCs have been used as indicators of the
accessibility and quality of primary care.” High frequen-
cies of admissions for ACSCs indicate poor coordina-
tion between primary and secondary care. An avoidable

admission for an ACSC indicates poor overall quality of
care, even if the ACSC episode itself is well managed.*
The outcomes of this study compared before the quake
and after the quake hospital admissions for the following
three types of ACSCs: (1) vaccine-preventable ACSCs
(where immunisation and other interventions can prevent
illness, eg, influenza and pneumonia); (2) chronic ACSCs
(where effective care can prevent flare-ups, eg, asthma,
congestive heart failure, diabetes complications, chronic
obstructive pulmonary disease, angina, iron deficiency
anaemia, hypertension and nutritional deficiency) and
(8) acute ACSCs (where early intervention can prevent
more serious progression, eg, dehydration and gastro-
enteritis; pyelonephritis; perforated/bleeding ulcer;
cellulitis; pelvic inflammatory diseases; ear, nose and
throat infections; dental conditions; convulsions and
epilepsy; and gangrene). Online supplementary table 1
shows the ICD-10 codes used to identify the 19 ACSCs
comgmonly used in the National Health Service in the
UK.

Statistical analysis

Continuous variables are presented as the median and
IQR. A locally weighted scatterplot smoothing curve was
drawn with the daily number of admissions for ACSCs.
The associations between the earthquake and subsequent
ACSCs are evaluated using a difference-in-differences
design by using a comparison group that is experiencing
the same trends, but was not exposed to the earthquake.
In the difference-in-differences design, two differences
should be estimated: the difference between before and
after 30 days of the earthquake in the year of the earth-
quake (2016) (D1) and the difference between before and
after the date of the earthquake in the years before the
earthquake (2013-2015) (D2). The change in outcomes
related to the earthquake beyond the background trends
can then be estimated using the difference-in-differences
analysis as D1-D2."° To estimate the impact of the earth-
quake on ACSCs, we applied generalised additive models,
which are flexible methods for modelling non-linear
association,'® linked to Poisson regression because the
number of daily admissions for ACSCs is counted. Inde-
pendent variables were periods (before and after the
earthquakes), year (the affected year (2016) and before
the affected year (2013-2015)) and the interaction of
these two variables (to estimate the difference in differ-
ences of the number of admissions) in addition to days
before or after the earthquake. Previous studies showed
that the variety of diseases increased after the Great East
Japan Earthquake and Tsunami disaster and decreased
within a few weeks.® " Damage due to the 2016 Kuma-
moto earthquakes was less extensive and restoration
from the damage was more prompt than the Great East
Japan Earthquake and Tsunami disaster. Therefore, we
also compared changes in ACSC rates 7days before and
after the earthquake. All statistical analysis was conducted
using R V.3.4.1 (The R Foundation, Vienna, Austria) and
package ‘mgcv’ was used for generalised additive models.
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Table 1

Number of admissions for ambulatory care

sensitive conditions before and after the earthquakes in
2016 and during the corresponding intervals in 2013-2015

3/15-4/13 4/17-5/16

Vaccine preventable

2013 32 (20-42) 33 (20-40)

2014 35 (19-46) 28 (16-35)

2015 36 (22-42) 28 (15-43)

2016 50 (25-55) 37 (19-54)
Acute preventable

2013 85 (53-100) 89 (41-108)

2014 88 (44-98) 82 (38-103)

2015 84 (56-101) 81 (48-108)

2016 88 (46-109) 88 (48-116)

Chronic preventable

2013 385 (181-468) 406 (148-499)
2014 418 (183-471) 409 (143-471)
2015 428 (207-508) 399 (162-501)
2016 424 (193-471) 403 (162-505)

Number of admissions are presented as median and IQR.

PATIENT AND PUBLIC INVOLVEMENT

No patients were involved in setting the research question
or the outcome measures, nor were they involved in devel-
oping plans for design or implementation of the study.
We have no plans to involve patients in dissemination.
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RESULTS

A total of 7921, 18 763 and 85436 admissions for vaccine,
acute and chronic preventable ACSCs, respectively,
were reviewed. Table 1 shows the median number and
IQR of daily admissions for ACSCs before and after the
earthquake in 2016 and the corresponding dates in the
previous 3years.

Figure 1 shows the median daily number of admissions
for ACSCs and the IQR before and after the earthquake in
2016 and the corresponding dates in the previous 3years.
In the first 7 days after the earthquakes, all ACSCs in 2016
increased and then decreased, while the number of admis-
sions for ACSCs did not change in the years 2013-2015.

Table 2 shows the results of the difference-in-differ-
ences analyses. Per cent changes in difference-in-differ-
ences estimates for three ACSCs for 30 days before and
after the earthquake were not significant. However, differ-
ence-in-differences analysis within 7days of the earth-
quakes showed that admissions increased to 32.6% (10.2,
59.5), 44.1% (27.0, 63.5) and 27.7% (20.2, 35.6) for
vaccine-preventable, acute and chronic ACSCs, respec-
tively, after the 2016 Kumamoto earthquakes.

DISCUSSION

Hospitalisation for ACSCs has been used as an indicator
of access to outpatient care.” Using the health insurance
records of Kumamoto prefecture, we found that admis-
sions for ACSCs increased within 7days after the 2016
Kumamoto earthquakes.

17 April

T = 2013-2015
w2016

23 April 3 May 13 May

corresponding intervals during the previous 3years (2013-2015). Dots indicate the number of admissions for ACSCs on each
day. The blue line indicates locally weighted scatterplot smoothing (LOWESS) curves of the number of admissions for ACSCs

in 2016 (the year the earthquakes occurred). The red line indicates LOWESS curves of the number of admissions for ACSCs in
the previous 3 years (2013-2015). The grey belts show 95% Cls. The two black vertical lines indicate the days of the foreshock
and mainshock. All ACSCs in 2016 increased during the first several days after the earthquakes and then decreased, while there

were no changes in the years 2013-2015.
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Table 2 Results of difference-in-differences analyses
% difference (95% CI) P values

30days
Vaccine preventable 0.0 (-9.2 to 10.0) 0.995
Acute preventable 2.7 (-3.7t09.7) 0.416
Chronic preventable -0.7 (-3.7 to 2.4) 0.647
7days
Vaccine preventable 32.6 (10.2 to 59.5) 0.003
Acute preventable 44.1 (27.0 to 63.5) <0.01
Chronic preventable 27.7 (20.2 to 35.6) <0.01

These results show that admissions for ACSCs increased
7 days after the earthquake, but did not change 30 days
after the earthquake. The number of admissions increased
just after the disaster, and then immediately decreased
thereafter. Impaired access to primary care after the
earthquake may have recovered promptly. Previous
studies reported that the variety of diseases temporarily
increased and started to decrease several weeks after the
Great East Japan Earthquake and Tsunami disaster.” 7
The 2016 Kumamoto earthquakes were different from
the Great East Japan Earthquake in that the Kumamoto
earthquakes were not accompanied by a tsunami. In addi-
tion, the number of residents evacuated to shelters rapidly
decreased from 180000 to 70000 within 1week after the
earthquakes.' The area struck by the earthquake seemed
to be less severely destroyed and access to primary care
may have recovered promptly.

The present study shows that hospitalisations for the
three types of ACSCs increased within 7days after the
2016 Kumamoto earthquakes. The number of patients
with vaccine-preventable ACSCs may have increased
because shelters were packed with evacuees. A previous
study showed that the incidence of shelter-acquired
pneumonia increases after an earthquake.”’ Another
study reported that too many people were evacuated to
the shelters in Kumamoto prefecture and the cramped
accommodations left little room to walk between beds.*
Some of the evacuees in these shelters tried not to move
into the shelters.”” The density of evacuees in shelters may
have led to outbreaks of vaccine-preventable ACSCs. Early
intervention can prevent progression of acute ACSCs to
more serious conditions. It is plausible that evacuees in
shelters may have not been able to or may have hesitated
to consult doctors about minor ailments. These minor
health problems in evacuees may have progressed to more
serious conditions resulting in the need for admission
to the hospital. Similarly, temporary interruption of the
treatment of chronic conditions such as hypertension or
diabetes mellitus may cause sudden changes in blood pres-
sure, or serum glucose concentration,” ** resulting in the
need for hospitalisation for patients with chronic ACSCs.
Evacuees often left their medications at home, and clinics
in the affected areas lacked medicines. Although Disaster
Medical Assistance Teams (DMATs) were dispatched to

8

Kumamoto prefecture just after the disaster, the purpose
of the DMATSs was to rescue people who had acute inju-
ries in the first 48 hours. Other medical teams took over
the care of patients with subacute to chronic conditions
thereafter. Therefore, the care of people with chronic
conditions may have been interrupted in the initial phase
of the disaster.

These results have importantimplications for preventing
avoidable admissions in postdisaster settings. Focusing
on the early period after disaster may be important for
the health of residents who live in the affected area. For
example, avoiding overcrowding in shelters, creating a
place where physicians can see patients and providing
continuity of care for chronic conditions may prevent
avoidable admissions in the early phase after a disaster.
Further research is warranted to develop approaches to
improve access to primary care and reduce avoidable
hospital admissions after an earthquake or other natural
disasters.

We acknowledge that the present study has several
limitations. First, the database does not include informa-
tion related to the degree of damage by the earthquakes
in different areas within Kumamoto prefecture. Second,
the data for patients who enrolled in other health insur-
ance systems were not included in the database. Esti-
mating the number of admissions for ACSCs in the entire
area using age and gender standardisation may not be
accurate because of differences between the population
included in the present study and the general popula-
tion. Third, the use of these ACSCs, derived from data
in the UK, in Japanese primary care settings remains
to be further studied for validity. Fourth, hospitals may
have changed their admission criteria for people with
ACSCGs in the population included in this study because
doctors hesitated to send older patients back to the shel-
ters where the level of care was much lower than normal.
Fifth, ACSCs are not a direct measure of the impaired of
access to primary care. A consensus has not been reached
whether ACSCs are appropriate indicators for access to
primary care.”*°

In conclusion, the 2016 Kumamoto earthquakes were
associated with an increased number of hospital admis-
sions for ACSCs. The impact of the earthquakes on admis-
sions for ACSCs did not persist for more than 7 days.
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