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Article summary

Article focus

The Great East Japan Earthquake attacked one of the most advanced aging societies in
the world. Respiratory medicine is the major field in gerontology. Here we address how
seriously the disaster affected respiratory diseases in the most heavily stricken area,
which has one of the highest ratios of elderly people in Japan.

The study gives lessons against natural disasters and aging society.

Key messages

After the earthquake and tsunami, admission from pneumonia and exacerbation of chronic
respiratory disease in elderly increased.

Harsh conditions and poor ADL after the disaster may be associated with increase in
hospitalization for respiratory diseases in elderly people.

Strengths and limitations of study

We could obtain detailed data of patient even in catastrophic state.

We analyzed only hospitalized patients. But there were a great number of outpatients

as well as heavy loss of lives.
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Abstract

Objective

To investigate the impact of the 2011 Great East Japan earthquake on hospitalization for
respiratory disease at the disaster base hospital in aging society.

Design

Descriptive and cross sectional study.

Setting

Emergency care in Japanese Red Cross Ishinomaki Hospital, a regional disaster base
hospital, Miyagi, Japan.

Participants

322 emergency patients who hospitalized for respiratory disease from March 11 to May
9 in 2011, and 204 emergency patients who hospitalized in the corresponding time
period of 2009 and 2010.

Main outcome measures

Description and comparison of patient’s characteristics and disease distribution in terms of age,
time after the disaster, and activity of daily living (ADL).

Results

Totally 1,769 patients admitted to our hospital, and 322 of them were hospitalized for
respiratory disease during the first 60 days after the earthquake. Mean age of patient was
75.7£12.5 years old. Pneumonia was the most frequent disease (n=190, 59.0%), followed by
acute exacerbation of chronic obstructive disease (AE-COPD) (n=53, 16.5%), attack of asthma
(n=27, 8.4%), and progression of lung cancer (n=22, 6.8%). Compared with the corresponding
period of 2009 or 2010, increase in absolute number of hospitalization was the highest for
pneumonia, followed by AE-COPD and attack of asthma. Elderly patients were more likely
hospitalized after the earthquake, especially for pneumonia and AE-COPD. At hospitalization,
195 patients were “dependent” and 54 patients were “partially dependent”. Deterioration of
ADL was more frequent in elderly and female patients. The mean age was 73.1+11.2 years old
in the patients with deterioration of ADL and 69.9+15.1 in the patients without deterioration of
ADL. The male proportion was 60.6% in the patients with deterioration of ADL and 70% in the
patients without deterioration of ADL.

Conclusions

After Great East Japan Earthquake, admission for pneumonia and exacerbation of chronic

respiratory disease in elderly increased at the disaster base hospital.

Introduction

On Marchll, 2011, at 2:46 pm Japan time, the Pacific coast of Japan’s Tohoku (northeastern)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open

region was struck by the massive earthquake (The Great East Japan Earthquake), measuring
magnitude 9.0 on the Richter scale'. The earthquake triggered a devastating tsunami which
destroyed many towns and villages near the seashore. The epicenter was estimated to be about
70 kilometers east of Oshika Peninsula of Ishinomaki in Miyagi. Officially, over 19,000 people
were killed or missing and the maximum number of refugees reached more than 550,000°.
Ishinomaki city, located in Pacific coast of Honshu Island, suffered from the largest number of
victims in Japan, 3,280 people were killed and 669 people were still missing. A great number of
casualties, more than 10,000 patients in the first 30 days, were treated at Japanese Red Cross
Ishinomaki Hospital, a regional disaster base hospital in Ishinomaki which uniquely preserved
its hospital function in Ishinomaki region.

Japan is one of the most advanced aging society in the world. 23% of Japanese citizens were 65
years old or more in 2010°. Especially, Tohoku region is a highly advanced aging society in
Japan, 26.6% of people living in Ishinomaki city were 65 years old or more in 2011. Although
several reports showed the significant association between age and earthquake and tsunami
death*®, there were few reports investigating the impact of a tremendous disaster on such an
aging society’ .

Respiratory diseases are common in elderly people even in ordinary times. So, investigating the
impact of the disasters on respiratory health will contribute to elucidating the problem of aging
society. Thus, we performed retrospective descriptive and cross-sectional analysis of the
medical and epidemiologic data of the patient requiring hospitalization for respiratory disease

after the Great East Japan Earthquake and following tsunami.

Methods

This study was a retrospective descriptive and cross-sectional analysis of the data obtained from
the medical records at Japanese Red Cross Ishinomaki Hospital. We reviewed medical records
of patients admitted to the hospital for respiratory diseases during the first 60 days after the
Great East Japan Earthquake, when the hospital solely accepted emergency patients. We also
reviewed medical records of patients who required unscheduled hospitalization for respiratory
disease in the corresponding period of 2009 and 2010.

Japanese Red Cross Ishinomaki Hospital which had 402 beds for inpatients was located at 4.5

km inland from Pacific Ocean. It has covered about 220,000 people living in its medical zone

(Ishinomaki, Onagawa, or Higashi-matsushima) and assigned to a regional disaster base hospital.

It has received almost all of the emergency respiratory patients even in ordinary time, because it
is the unique hospital having the respiratory department and pulmonary specialists in the region.
Medical records were investigated in terms of date of admission, age, sex, diagnosis. We also

investigated activity of daily living (ADL) at hospitalization and ADL before earthquake, and
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their residence before admission on the medical record of 2011 study period. For comparison,
the total number of unscheduled hospitalization to the hospital during the corresponding periods
in 2009 and 2010 was counted.

Pneumonia was defined as the presence of the infiltration on chest radiograph along with one or
more of the following symptoms or signs: fever, cough, sputum production, breathlessness,
pleuritic chest pain or signs consistent with pneumonia on auscultation.

Chronic obstructive pulmonary disease (COPD) and bronchial asthma were detected by the
previous spirometric data, patient’s self-report, or physician’s diagnosis made by patient’s
history, physical examination, and radiological finding. An acute exacerbation of
COPD(AE-COPD) was defined as an increase in or new onset of more than one symptom of
COPD (cough, sputum, wheezing, dyspnea or chest tightness) without pneumonia or
pneumothorax. An attack of asthma was defined as the presentation of wheezes or severe cough
in asthma patients without pneumonia. Progression of lung cancer was defined as requirement
for admission for lung cancer associated condition such as dehydration, respiratory failure, or
uncontrolled pain. Obstructive pneumonia due to lung cancer was considered as progression of
lung cancer. Chest trauma and traumatopnea were not considered as respiratory disease but
chest injury.

ADL was assessed by the information from a patient, patient’s family, or patient’s caregiver, and
classified into three categories; “independent” who could live without particular support,
“partially dependent” who could not leave their residence without any support, “dependent”
who spent a day on the bed or the chair and lost the ability to move for themselves. Furthermore,
we defined as “originally dependent” who were dependent or partially dependent before the
disaster, and as “newly dependent” who became dependent or partially dependent after the

disaster.

Data analysis

All data were entered into a personal computer and analyzed using Microsoft ™ Excel software
and statistical analysis was performed using JMP9 (SAS Institute Inc., Cary, NC, USA). A
missing value in medical record was treated as “unknown”. Results were given as mean + SD
for numerical variables and as proportions for categorical variables. To analyze sequential
change of the effect of the disaster, we divided 60 days of study period into six groups of each
ten days. To investigate the risk of hospitalization for respiratory disease after the earthquake
and tsunami, we compared the patient’s characteristics of 2011 study period with that of 2010
and 2009 corresponding period as ordinary time. We used two-sided Student’s t-test for
numerical variables and chi-square test for the categorical variables. We calculated the effect of

age and sex on the odds ratio for hospitalization for respiratory disease after the earthquake by
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logistic regression models. The p <0.05 is accepted as statistically significant.

Result

All of the scheduled hospitalization was cancelled and emergency admission was solely
accepted during the first 60 day after the earthquake at Japanese Red Cross Ishinomaki Hospital.
1,769 patients admitted to the hospital, and 322 of them were hospitalized for respiratory
disease during the study period. Patients hospitalized for respiratory disease accounted for
18.2% of total hospitalization during the study period. This proportion was higher than the
corresponding period of past two years, 10.2% of 2010 and 11.6% of 2009. While the number
of total hospitalizations of this period in 2011 was about twice of that in 2009 and 2010,
hospitalization for respiratory disease in 2011 reached about three times or more than that of
2009 and 2010. The total number of hospitalizations was at peak in the first ten days and then
decreased, but the number of hospitalization for respiratory disease kept increasing for 20 days

(Figure 1A and B).

We compared the disease distribution between 2011, 2010, and 2009 (Figure 2). Pneumonia was
the most frequent disease (n=190, 59.0%), followed by AE-COPD (n=53, 16.5%), attack of
asthma (n=27, 8.4%), and progression of lung cancer (n=22, 6.8%). One case of AE-COPD and
seven cases of attack of asthma were physician’s diagnosis. Others included pneumothorax,
restrictive thoracic disease, pleural effusion, influenza, drowning, primary pulmonary
hypertension, requirement of mechanical ventilator support for neuromuscular disease, and so
on. One patient diagnosed as pneumonia was complicated by attack of asthma and two patients
of pneumonia exacerbated their symptom of COPD. They were treated for both conditions and
counted as pneumonia. In comparison with the past two years, the increase in absolute number
of hospitalizations was the largest for pneumonia, followed by AE-COPD and attack of asthma.
The number of hospitalization for progression of lung cancer and that for other diseases were
not so deferent from the past two years. 39.4% of patients stayed at emergency shelters before

hospitalization..

To investigate the disease specific effect of earthquake, age and sex of each disease were
compared between the study period in 2011 and the corresponding period in the past two years
(Table 1). The mean age of patients hospitalized for respiratory disease was significantly higher
in 2011 than in the past two years (75.7+12.5 years old in 2011, 73.2+13.4 years old in 2010 and
2009. p=0.03). Male proportion tended to be lower in 2011 than in the past two years (59.6% in
2011, 67.2% in 2010 and 2009. p=0.08). Specifically, pneumonia patients and AE-COPD
patients were significantly older in 2011 study period than in 2010 and 2009 corresponding
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period(p=0.03 and p=0.03, respectively). Male population of AE-COPD was significantly higher,
whereas that of attack of asthma significantly lower in 2011 period than 2010 and 2009
periods(p=0.01 and p=0.03, respectively).

Furthermore, the effect of age and sex on the odds ratio for hospitalization with respiratory
disease was calculated (Table 2). We found older patients were more likely hospitalized after the
earthquake, especially for pneumonia and AE-COPD. Male patients were more likely
hospitalized for AE-COPD and less likely hospitalized for attack of asthma.

Actual numbers of hospitalization for the main respiratory diseases in terms of every ten days
during the study period is shown in Figure 3. Pneumonia presented its peak in the second period.
Following pneumonia, AE-COPD presented its peak in the third period and progression of lung
cancer had its peak in the fifth period. Attack of asthma had small peak in the same third period
as AECOPD.

Next, we investigated ADL at hospitalization and ADL before the disaster among the patients
hospitalized in 2011 study period. Because of confusing situation of medical activities after the
disaster, ADL before the disaster, ADL at hospitalization, and both ADL were not recorded in 8,
1, and 2 patients, respectively. Six of them were hospitalized for pneumonia and remaining five
patients were hospitalized for AE-COPD. At hospitalization, 195 patients were “dependent” and
54 patients were “partially dependent”. Those patients accounted for 76.9 % of the patients
hospitalized after the earthquake. On the other hand, before earthquake, only 86 patients were
“dependent” and 51 patients were “partially dependent”. Those patients accounted for 42.5% of
hospitalized patients after the earthquake. We analyze sequential change in the number of the
patients who were “originally dependent”, “newly dependent”, or “independent” at
hospitalization (Figure 4). Throughout the study period, majority of patients were dependent or
partially dependent patient. Originally dependent patients were hospitalized especially in early
period (first and second periods), and newly dependent patients showed its keen peak of
hospitalization in the third period, the day from 21 to 30 after the earthquake, and kept high
incidence of admission thereafter. Independent patients were hospitalized mainly during first
20 days.

Table 3 showed the association of ADL category (independent, newly dependent, and originally
dependent) with patient’s age, sex, and diagnosis. Regarding diagnosis, ratio of each disease
was calculated in each category. Eleven patients whose ADL was not completely recorded were
excluded from the data. Young and male patients were more frequent in order of independent,

newly dependent and originally dependent. On investigation in patient’s diagnosis, the
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proportion of pneumonia and progression of lung cancer increased in the same order, while the

proportion of AE-COPD and asthma decreased.

Discussion

Summary

In this retrospective descriptive and cross-sectional study, we found substantial increase in
elderly patients hospitalized for respiratory disease after the earthquake and tsunami. Pneumonia,
AE-COPD, and attack of asthma were apparently increased after earthquake. Mean age of
patients hospitalized for respiratory disease after the earthquake was significantly higher than
that of ordinary years. Majority of patients had poor ADL and many of them experienced
deterioration of ADL after the earthquake.

Effect on respiratory disease

Previous reports on Hanshin-Awaji earthquake showed initial rush of patients with injury and
following increase of patients with respiratory disease, especially pneumonia''"*. Similarly, our
observation showed marked increase in pneumonia patients, although initial rush of heavy
injury patients was absent in this disaster because majority of victims were drawn to death and
heavily injured patients were seldom carried to the hospital.

The cause of increase in respiratory disease was different in each situation. After the 2004
Sumatra-Andaman earthquake and following tsunami, the number of lower respiratory infection
in Ache was rapidly increased after the disaster and sharply declined in the second week'. On
the other hand, after the 1995 Hanshin-Awaji earthquake, the number of patients hospitalized for
pneumonia was gradually increased and kept high proportion over the two month’ '°. This
difference is ascribable to the mechanism of developing pneumonia. In Sumatra-Andaman
earthquake, many of pneumonia were resulted from aspiration of tsunami-water in
near-drowning events'” '°. Those pneumonias were called “tsunami lung”. On the other hand, in
the Hanshin-Awaji earthquake, many patients developed pneumonia in shelters under unhealthy
environment and most of them were in elderly. Those pneumonias were called ‘“‘shelter
pneumonia” . In this earthquake and tsunami, we experienced few number of pneumonia
directly caused by aspiration of tsunami-water even in very acute period. Most patients came
from their own or relative’s home, other hospital, nursing home, or shelter, and a few of the
patient directory came from the field. The mean age of them was significantly higher than that
of 2010 and 2009. Therefore, we thought most of pneumonia we treated was the same kind of
““shelter pneumonia”.

AE-COPD was also remarkably increased. COPD was one of the most common chronic

respiratory diseases, especially in elderly people. It is well known that interruption of treatment
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for chronic disease will easily exacerbate patient’s condition, and it is also true after a natural
disaster'* '*2°. Many patients lost their drugs by tsunami flooding, therefore, interruption of
regular medication may partly account for the increase in hospitalization by AE-COPD. We
also speculate that air pollution caused by tsunami dust may raise the hospitalization by
AE-COPD. After cold and snowy weather for ten days from the disaster, cold, sunny, and
windy days covered over Ishinomaki region, and dense dust containing tsunami sediment
floated in the air for the following three weeks.

Although asthma was also one of the most common chronic respiratory diseases and had the
same precipitating cause with COPD, attack of asthma was not so much increased as AE-COPD.
This difference might be caused by two important differences between asthma and COPD. First,
generally, patients of COPD were older than those of asthma. Therefore, baseline health
condition of patients of COPD would be poorer than that of asthma®'. As a result, COPD
patients required more frequent hospitalization. In our study, mean age of AE-COPD was higher
than that of attack of asthma as well. Second, bacterial respiratory infection affects patients with
COPD more than those with asthma®. In the aftermath of earthquake, loss of hygiene and
overcrowding in the shelter could increase the risk of respiratory bacterial infection and cause
AE-COPD.

Lung cancer related hospitalization did not increase much and its ratio to total hospitalization
for respiratory diseases rather declined. Mean age of lung cancer patients was similar to that in
the past two years. Maeda et al. also reported that no increase in lung cancer related
hospitalization was observed after Hanshin-Awaji earthquake™. Progression of lung cancer may
not be influenced by environment as much as cancer growth itself. So, the disaster will not
impact on lung cancer immediately. Although the interruption of chemotherapy and/or
radiotherapy would worsen the prognosis, it cannot be confirmed during our study period.
Effect on ADL

Our observation demonstrated that drastic deterioration of ADL after the disaster resulted in
increase in hospitalization by respiratory diseases. In acute phase, patients with poor ADL,
especially originally dependent ones, were hospitalized for pulmonary diseases, typically
pneumonia; although substantial number of good ADL patients was also hospitalized. After 3 or
4 weeks, many people who deteriorated their ADL (newly dependent) were hospitalized for
pulmonary diseases. It was reported that physical disability was an independent risk factor for
death in Hanshin-Awaji earthquake and the 1999 Taiwan earthquake’ '°. However, those reports
investigated the mortality in acute phase, not hospitalization in subacute or chronic phase. After
the earthquake and tsunami, one fourth of people in Ishinomaki region fled into shelters, many
of which were also flooded by tsunami. They lacked water and food under harsh condition of

cold season without heating in overcrowded room just letting them lie on the floor without beds.
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In such bad condition, elderly people restricted their consumption food and water, and kept still
in one space; as a result, they deteriorated their ADLs. In addition, scarcity of water worsened
oral hygiene. Both poor functional status and oral hygiene were the major risk factor of
pneumonia®*?’, especially in elderly people. Subsequently, many elderly people were
hospitalized for “shelter pneumonia” after the earthquake. Also, poor oral hygiene induces
swallowing dysfunction®™ and swallowing dysfunction could be a risk factor of exacerbation of
COPD”. It would be one of the reasons why AE-COPD increased especially in elderly people.
Effect on aging society

According to the report of government of Japan, 93% of the fatalities were drowning and more
than 60% of them were 60 years old or more in the Great East Japan earthquake. Although it
was reported by many previous reports that elderly people had a greater risk of death after the
earthquake, the proportion of elderly people was extremely high in comparison to other major
earthquake or tsunami in the world"®. Similar finding was reported only in 1995 Hanshin-Awaji
earthquake and 2004 Mid Niigata earthquake in Japan'®'". Moreover, 90.8% of the patients
hospitalized for respiratory disease after the earthquake were 60 years old or more in our study.
These result suggested that elderly people were vulnerable not only immediately after the
earthquake but also for a while after the earthquake.

In 1999 Taiwan earthquake, 2003 heat waves in the Czech Republic, and 2004
Sumatra-Andaman earthquake, it is demonstrated that these disasters has left decreased
mortality in the stricken area, resulted from a large number of direct death by disasters among a

vulnerable population such as elderly people or children’ ***'

, called “harvesting effect”.
However, our observation suggests that, in the aging society, a huge disaster not only directly
kills the vulnerable people but also newly produces vulnerable people. Previous reports
demonstrated that prolonged harmful influence on mental health and psychological slow
recovery were seen more frequently in the elderly people than young people’* ™. Therefore, we

should pay a long-term attention on those elderly people after a disaster.

Implications for policy and practice

Our observation suggests two important targets for reducing hospitalization for respiratory
disease after the major disaster in aging society. One target is interruption of treatment for
chronic respiratory disease and the other target is deterioration of ADL. Interruption of
treatment for chronic respiratory disease was preventable by storing the drugs for a few days.
However, it is necessary for valid storage to grasp regional prescription data of each drug and
patient’s personal medication data. Telemedicine system or web-based patient data storage
system might be useful. Prevention of deterioration of ADL is also important. Elderly people is

potentially vulnerable and easily deteriorate their ADL. In our study, remaining at shelters in
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stricken area for more than three weeks led increase in deterioration of ADL and hospitalization
for respiratory diseases. Therefore, we propose to transfer elderly people to out of the stricken

area as soon as possible.

Strengths and weaknesses of study

Our study had two important strengths. First, the Great East Japan Earthquake hit one of the
most advanced aging societies in the world’. As the proportion of elderly people continues to
increase in not only developed countries but also developing countries, there is an urgent need
of information and analysis on the aging society to plan countermeasures against it. Our study
will give lessons against natural disaster to all the countries. Secondly, we obtained detailed data
of patient’s demographics, diagnosis, and ADL in a catastrophic situation. It is because that our
hospital has kept its medical function, including electronic medical record system or laboratory
systems, while devastating earthquake and tsunami hit Ishinomaki city and almost all medical
facilities lost their function, and that stuffs in our hospital has trained for the coming earthquake
and has had an strong motivation to record disaster medicine for the future.

Our study is single center study. This might be weakness of our study, but our hospital was the
only functional hospital after the earthquake in Ishinomaki medical zone which account for
more than 30% of victims of this earthquake. Also, it has been the only hospital which has the
department of respiratory medicine and pulmonary specialists in the medical zone. Even in the
ordinary time, it accepted almost all of the serious patients with pulmonary diseases who needed
hospitalization. Therefore, we think our study well represents impact of the earthquake on
pulmonary diseasese”. It is also weakness of our study that we analyzed only hospitalized
patients. There were a great number of outpatients and a heavy loss of lives. These events will
be analyzed in the future report. Another weakness of our study is that cross-sectional study
cannot elucidate a causal relationship. Finally, we did not clearly define the condition of
hospitalization. Because the destruction of ordinary healthcare system and poor hygiene outside
the hospital, we hospitalized some patients who could be treated in outpatient setting in ordinary

time. However, this was a real situation after devastating disaster.

Conclusion

The Great East Japan earthquake and following tsunami hit the one of the most advanced aging
society in the world. After the disaster, pneumonia, exacerbation of COPD, bronchial asthma
attack associated with bad ADL in elderly provoked the most part of hospitalization for
pulmonary diseases. These observations should be exploited in constructing emergency medical

management for disasters in progressive advanced aging society.
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Tables

Table 1. Demographics and patient characteristics in 2011 and past two years.
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10 After the Past two years

11 earthquake (2011) (2010 and 2011) p value

13 n=322 n=204

14 All cause

16 age (year) 75.7£12.5 * 73.2+£13.4 0.03

17 male 192 (59.6) 137 (67.2) 0.08
Pneumonia

20 age 77.6x£11.8* 74.3£12.8 0.03

male 111 (58.4) 63 (66.3) 0.20

23 AE-COPD

24 age 76.0+8.7% 69.3%15.9 0.03

26 male 43 (81.1) * 8 (50.0) 0.01

27 Asthma

29 age 68.7£19.7 67.2+19.4 0.83

30 male 5(18.5) * 6 (54.6) 0.03

32 Lung cancer

33 age 74.3£12.1 73.2£16.0 0.79

male 16 (72.7) 18 (66.7) 0.65

36 Others

37 age 70.4+11.6 73.8+11.3 0.19

39 male 17 (56.7) 42 (76.4) 0.06

40 AE-COPD, acute exacerbation of COPD.

42 Data are mean+SD for numerical variables and number (%) for categorical variables. *p<0.05.
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Table 2. Association of age and sex with hospitalization for respiratory disease after the

earthquake.
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Hospitalization for respiratory disease after the earthquake

All cause
age (year)
male (reference: female)

Pneumonia
age
male

AE-COPD
age
male

Asthma
age
male

Lung cancer
age
male

Others
age

male

Unadjusted OR (95% CI)

1.017 (1.00-1.03)
0.72 (0.50-1.04)

1.021 (1.00-1.04)
0.71 (0.42-1.19)

1.05% (1.00-1.11)
4.30% (1.30-14.66)

1.00 (0.97-1.04)
0.19 1 (0.04-0.85)

1.01 (0.97-1.05)
1.33(0.39-4.76)

0.97 (0.94-1.01)
0.40 (0.15-1.05)

*Adjusted OR (95% CI)

1.02+ (1.00-1.03)
0.71 (0.19-1.03)

1.02+ (1.00-1.04)
0.74 (0.44-1.23)

1.05 (1.00-1.11)
4.17 4 (1.21-14.84)

1.00 (0.96-1.05)
0.19 1 (0.04-0.85)

1.00 (0.96-1.05)
1.30 (0.37-4.83)

0.97 (0.93-1.01)
0.39 (0.15-1.03)

AE-COPD, acute exacerbation of COPD; OR, odds ratio; CI, confidence interval.
*Adjusted for age and sex with each other. $p<0.05
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Table 3. Association of ADL with patient’s characteristics and respiratory disease.

Newly Originally
Independent
dependent dependent
n=70
n=104 n=137
Age 69.9+15.1 73.1£11.2 80.3+10.5
Male 49 (70.0) 63 (60.6) 69 (50.4)
Diagnosis
Pneumonia 31 (44.3) 59 (56.7) 94 (68.6)
AE-COPD 17 (24.3) 17 (16.4) 15 (11.0)
Asthma 11 (15.7) 11 (10.6) 5@3.7)
Lung cancer 3(4.3) 6(5.8) 12 (8.8)
Others 8 (11.4) 11 (8.0) 11 (8.0)

AE-COPD, acute exacerbation of COPD.

Data are mean +SD for numerical variables and number (%) for categorical variables.
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Figure legends
Figure 1. Sequential change of the number of unscheduled hospitalization for all causes (A)

and for respiratory disease (B) from March 11 to May 9 in 2011, 2010 and 2009.

Figure 2. The number and proportion of patients hospitalized for respiratory disease from March
11 to May 9 in 2011, 2010, and 2009.

Figure 3. Sequential change of disease distribution of patients hospitalized for respiratory

disease after the Great East Japan earthquake.

Figure 4. Influence of the earthquake on the patient’s ADL.
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Article summary

Article focus

The Great East Japan Earthquake attacked one of the most rapidly aging societies in
the world. Respiratory medicine is the major field in gerontology. Here we address how
seriously the disaster affected respiratory diseases in the most heavily stricken area,
which has one of the highest ratios of elderly people in Japan.

The study gives lessons against natural disasters and aging society.

Key messages

After the earthquake and tsunami, admission from pneumonia and exacerbation of chronic
respiratory disease in elderly increased.

Harsh conditions and poor ADL after the disaster may be associated with increase in
hospitalization for respiratory diseases in elderly people.

Strengths and limitations of study

We could obtain detailed data of patient even in the catastrophic state.

We analyzed only hospitalized patients. But there were a great number of outpatients

as well as heavy loss of lives.
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Abstract

Objective

To investigate the impact of the 2011 Great East Japan earthquake on hospitalization for
respiratory disease at the disaster base hospital in aging society.

Design

Descriptive and cross sectional study.

Setting

Emergency care in Japanese Red Cross Ishinomaki Hospital, a regional disaster base
hospital, Miyagi, Japan.

Participants

322 emergency patients who hospitalized for respiratory disease from March 11 to May
9 in 2011, and 99 and 105 emergency patients who hospitalized in the corresponding
period of 2009 and 2010, respectively.

Main outcome measures

Description and comparison of patient’s characteristics and disease distribution in terms of age,
time after the disaster, and activities of daily living (ADL).

Results

Total number of patients hospitalized in our hospital in the study period was 1769 (850 in 2009,
1030 in 2010), and the number of hospitalized for respiratory disease in them was 322 (99 in
2009, 105 in 2010). Among admission for pulmonary diseases, pneumonia was the most
frequent disease (n=190, 59.0%), followed by acute exacerbation of chronic obstructive disease
(AE-COPD) (n=53, 16.5%), attack of asthma (n=27, 8.4%), and progression of lung cancer
(n=22, 6.8%). Compared with the corresponding period of 2009 or 2010, increase in absolute
number of hospitalization was the highest for pneumonia, followed by AE-COPD and attack of
asthma. At hospitalization, 195 patients were “dependent” and 54 patients were “partially
dependent”. Respiratory admission accompanied by deterioration of ADL after the disaster was
more frequent in elderly and female patients.

Conclusions

After the Great East Japan Earthquake, admission for pneumonia and exacerbation of chronic

respiratory disease in elderly increased at the disaster base hospital.
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Introduction

On Marchll, 2011, at 2:46 pm Japan time, the Pacific coast of Japan’s Tohoku (northeastern)
region was struck by the massive earthquake (The Great East Japan Earthquake), measuring
magnitude 9.0 on the Richter scale'. The earthquake triggered a devastating tsunami which
destroyed many towns and villages near the seashore. The epicenter was estimated to be about
70 kilometers east of Oshika Peninsula of Ishinomaki in Miyagi. Officially, over 19,000 people
were killed or missing and the maximum number of refugees reached more than 550,000,
Ishinomaki city, located in Pacific coast of Honshu Island, suffered from the largest number of
victims in Japan, 3,280 people were killed and 669 people were still missing. A great number of
casualties, more than 10,000 patients in the first 30 days, were treated at Japanese Red Cross
Ishinomaki Hospital, a regional disaster base hospital in Ishinomaki which uniquely preserved
its hospital function in Ishinomaki region during and after the disaster.

Japan is one of the most rapidly aging society in the world. 23% of Japanese citizens were age
65 or over in 2010°. Tohoku region is especially rapidly aging society in Japan, 26.6% of people
living in Ishinomaki city were age 65 or over in 2010. Although several reports showed the
significant association between age and earthquake and tsunami death*®, there were few reports
investigating the impact of a tremendous disaster on elderly peoples in such an aging society’ '°.
Respiratory diseases are common in the elderly even in ordinary times. So, investigating the
impact of the disasters on respiratory health will contribute to elucidating the problem of aging
society. Thus, we performed retrospective descriptive and cross-sectional analysis of the
medical and epidemiologic data of the patient required hospitalization for respiratory disease

after the Great East Japan Earthquake and following tsunami.

Methods

This study was a retrospective descriptive and cross-sectional analysis of the data obtained from
the medical records at Japanese Red Cross Ishinomaki Hospital. We reviewed medical records
of patients admitted to the hospital for respiratory diseases during the first 60 days after the
Great East Japan Earthquake, when the hospital solely accepted emergency patients. We also
reviewed medical records of patients who required unscheduled hospitalization for respiratory
disease in the corresponding period of 2009 and 2010.

Japanese Red Cross Ishinomaki Hospital which had 402 beds for inpatients was located at 4.5
km inland from Pacific Ocean. It has covered about 220,000 people living in its medical zone
(Ishinomaki City, Onagawa Town, and Higashi-matsushima City) and assigned to a regional
disaster base hospital. It has accepted almost all of the emergency respiratory patients even in

the ordinary time before the disaster, because it has been the unique hospital having the
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respiratory department and pulmonary specialists in the region.

Medical records were investigated in terms of date of admission, age, sex, diagnosis. We also
investigated activities of daily living (ADL) at hospitalization and ADL before earthquake, and
their residence before admission on the medical record of 2011 study period. For comparison,
the total number of unscheduled hospitalization during the corresponding periods in 2009 and
2010 was counted.

Pneumonia was defined as the presence of the infiltration on chest radiograph along with one or
more of the following symptoms or signs: fever, cough, sputum production, breathlessness,
pleuritic chest pain or signs consistent with pneumonia on auscultation.

Chronic obstructive pulmonary disease (COPD) and bronchial asthma were detected by the
previous spirometric data, patient’s self-report, or physician’s diagnosis made by patient’s
history, physical examination, and radiological finding. An acute exacerbation of
COPD(AE-COPD) was defined as an increase in or new onset of more than one symptom of
COPD (cough, sputum, wheezing, dyspnea or chest tightness) without pneumonia or
pneumothorax. An attack of asthma was defined as the presentation of wheezes or severe cough
in asthma patients without pneumonia. Progression of lung cancer was defined as requirement
for admission for lung cancer associated condition such as dehydration, respiratory failure, or
uncontrolled pain. Obstructive pneumonia due to lung cancer was considered as progression of
lung cancer. Chest trauma and traumatopnea were not considered as respiratory disease but
chest injury.

ADL was assessed by the information from a patient, patient’s family, or patient’s caregiver, and
classified into three categories; “independent” who could live without particular support,
“partially dependent” who could not leave their residence without any support, “dependent”
who spent a day on the bed or the wheelchair and lost the ability to move for themselves. To
investigate the impact of the disaster on ADL, we defined as “originally dependent” who were
dependent or partially dependent before the disaster, and as “newly dependent” who became

dependent or partially dependent after the disaster.

Data analysis

All data were entered into a personal computer and analyzed using Microsoft ™ Excel software
and statistical analysis was performed using JMP9 (SAS Institute Inc., Cary, NC, USA). A
missing value in medical record was treated as “unknown”. Results were given as mean = SD
for numerical variables and as proportions for categorical variables. To analyze sequential
change of the effect of the disaster, we divided 60 days of study period into six groups of ten
day bins. To investigate the risk of hospitalization for respiratory disease after the earthquake

and tsunami, we compared the patient’s characteristics of 2011 study period with the combined
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data of 2009 and 2010 corresponding period as ordinary time. We used two-sided Student’s
t-test for numerical variables and chi-square test for the categorical variables. The p <0.05 is

accepted as statistically significant.

Result

All of the scheduled hospitalization was cancelled and emergency admission was solely
accepted during the first 60 day after the earthquake at Japanese Red Cross Ishinomaki Hospital.
1,769 patients admitted to the hospital, and 322 of them were hospitalized for respiratory
disease during the study period. In the corresponding period, total number of unscheduled
hospitalization was 850 and that for respiratory disease was 99 in 2009 and 1,030 and 105 in
2010. Patients hospitalized for respiratory disease accounted for 18.2% of total hospitalization
during the study period. This proportion was significantly higher than that of 2009 and 2010
(11.6% in 2009. P<0.001. 10.2% in 2010. P<0.001). While the number of total hospitalizations
of this period in 2011 was about twice of that in 2009 and 2010, hospitalization for respiratory
disease in 2011 reached about three times or more than that of 2009 and 2010. The total number
of hospitalizations was peaked in the first ten days, but the number of hospitalization for
respiratory disease kept increasing for 20 days (Figure 1A and B).

We compared the number and proportion of patients hospitalized for respiratory disease
between 2011, 2010, and 2009 study periods (Figure 2). Pneumonia was the most frequent
disease (n=190, 59.0%), followed by AE-COPD (n=53, 16.5%), attack of asthma (n=27, 8.4%),
and progression of lung cancer (n=22, 6.8%). One case of AE-COPD and seven cases of attack
of asthma were physician’s diagnosis. Category “Others” included pneumothorax, restrictive
thoracic disease, pleural effusion, influenza, drowning, primary pulmonary hypertension,
requirement of mechanical ventilator support for neuromuscular disease, and so on. One patient
diagnosed as pneumonia was complicated by attack of asthma and two patients of pneumonia
exacerbated their symptom of COPD. They were treated for both conditions and counted as
pneumonia. In comparison with the past two years, the increase in number of hospitalizations
was the largest for pneumonia, followed by AE-COPD and attack of asthma. The number of
hospitalization for progression of lung cancer and that for “others” were not so different from
the past two years. 39.4% of patients were hospitalized from emergency shelters.

To investigate the disease specific effect of earthquake, age and sex of each disease were
compared between the study period in 2011 and the corresponding period in the past two years.
The mean age of patients hospitalized for respiratory disease was significantly higher in 2011

than in the past two years (75.7+12.5 v.s. 73.2+13.4 years old. p=0.03). Male proportion tended

to be lower in 2011 than in the past two years (59.6% in 2011, 67.2% in 2010 and 2009. p=0.08).
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Specifically, pneumonia patients and AE-COPD patients were significantly older in 2011 study
period than in 2010 and 2009 corresponding period(77.6+11.8 v.s. 74.3+12.8 years old in
pneumonia patients. p=0.03. 76.0+8.7 v.s. 69.5£15.9 years old in AE-COPD patients. p=0.03).
Male population of AE-COPD was significantly higher (81.1% v.s. 50.0%. p=0.01), whereas
that of asthma attack significantly lower in 2011 period than 2010 and 2009 periods (18.5% v.s.
54.6%. p=0.03).

Actual numbers of hospitalization for the main respiratory diseases in terms of every ten day
bins during the study period is shown in Figure 3. Pneumonia peaked in the second 10 day bin.
Following pneumonia, AE-COPD and attack of asthma peaked in the third 10 day
bin.Progression of lung cancer had its peak in the fifth 10 day bin.

Next, we investigated ADL at hospitalization and ADL before the disaster among the patients
hospitalized in 2011 study period. Because of confusing situation of medical activities after the
disaster, ADL was not recorded in 11 patients At hospitalization, 195 patients (60.5%) were
“dependent” and 54 patients (16.7%) were “partially dependent”. On the other hand, before
earthquake, only 86 patients (26.7%) were “dependent” and 51 patients (15.8%) were “partially
dependent”. To investigate the impact of ADL and its deterioration on admission for pulmonary
disease in terms of time after the disaster, we counted the number of the patients who were
“originally dependent”, “newly dependent”, or “independent throughout” during 60 days
presented in 10 day bins (Figure 4). Throughout the study period, majority of patients were
dependent or partially dependent patient. In the first 20 days, the majority of admissions were
for originally dependent people. After 30days, there was a sharp increase in newly dependent
people, as assessed by ADL. Independent patients were hospitalized mainly during first 20
days.

Table 1 showed the association of ADL category (independent throughout, newly dependent,
and originally dependent) with patient’s age, sex, and diagnosis. Regarding diagnosis, ratio of
each disease was calculated in each category. Eleven patients whose ADL was not completely
recorded were excluded from the data. Young and male patients were more frequent in order of
independent, newly dependent and originally dependent. On investigation in patient’s diagnosis,
the proportion of pneumonia and progression of lung cancer increased in the same order, while

the proportion of AE-COPD and asthma decreased.

Discussion
Summary
In this retrospective descriptive and cross-sectional study, we found substantial increase in

elderly patients hospitalized for respiratory disease after the earthquake and tsunami. Pneumonia,
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AE-COPD, and attack of asthma were apparently increased after earthquake. Mean age of
patients hospitalized for respiratory disease after the earthquake was significantly higher than
that of corresponding periods of the past two years. Majority of patients had poor ADL and

many of them experienced deterioration of ADL after the earthquake.

Effect on respiratory disease

Previous reports on Hanshin-Awaji earthquake showed initial rush of patients with injury and
following increase of patients with respiratory disease, especially pneumonia'' . Similarly, our
observation showed marked increase in pneumonia patients, although initial rush of heavy
injury patients was absent in this disaster because majority of victims were drowned to death
and heavily injured patients were seldom carried to the hospital.

The cause of increase in respiratory disease was different in each situation. After the 2004
Sumatra-Andaman earthquake and following tsunami, the number of lower respiratory infection
in Ache was rapidly increased after the disaster and sharply declined in the second week'*. On
the other hand, after the 1995 Hanshin-Awaji earthquake, the number of patients hospitalized for
pneumonia was gradually increased and kept high proportion over the two month’ '°. This
difference is ascribable to the mechanism of developing pneumonia. In Sumatra-Andaman
earthquake, many of pneumonia were resulted from aspiration of tsunami-water in
near-drowning events'’ '°. Those pneumonias were called “tsunami lung”. On the other hand, in
the Hanshin-Awaji earthquake, many patients developed pneumonia in shelters under unhealthy
environment and most of them were in elderly. Those pneumonias were called “shelter
pneumonia” . In this earthquake and tsunami, we experienced few number of pneumonia
directly caused by aspiration of tsunami-water even in the very acute period. A few of the
patient directory came from the field, instead, most patients came from shelters, their own or
relative’s homes, other hospitals, or nursing homes. The mean age of them was significantly
higher than that of 2010 and 2009. Therefore, we regarded most of pneumonia we treated as the
same kind of “shelter pneumonia.

AE-COPD was also remarkably increased. COPD was one of the most common chronic
respiratory diseases, especially in elderly people. It is well known that interruption of treatment
for chronic disease will frequently exacerbate patient’s condition, and it is also true after a
natural disaster'* '**°. Many patients lost their drugs by tsunami flooding, therefore, interruption
of regular medication may partly account for the increase in hospitalization by AE-COPD.
Sunny and windy days lasted from the end of March and dust from the tsunami sludge was an
important component of particulate air pollution; it may have contributed to the significant
increase in hospitalization by AE-COPD.

Although asthma was also one of the most common chronic respiratory diseases and had the
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same precipitating cause with COPD, attack of asthma was not so much increased as AE-COPD.
This difference might be caused by two important differences between asthma and COPD. First,
generally, patients of COPD were older than those of asthma. Therefore, baseline health
condition of patients of COPD would be poorer than that of asthma®'. As a result, COPD
patients required more frequent hospitalization. In our study, mean age of AE-COPD was higher
than that of attack of asthma as well. Second, bacterial respiratory infection affects patients with
COPD more than those with asthma®. In the aftermath of earthquake, loss of hygiene and
overcrowding in the shelter could increase the risk of respiratory bacterial infection and cause
AE-COPD.

Hospitalization for lung cancer related symptons did not increase much and its ratio to total
hospitalization for respiratory diseases rather declined. Mean age of lung cancer patients was
similar to that in the past two years. Maeda et al. also reported that no increase in lung cancer
related hospitalization was observed after Hanshin-Awaji earthquake®. Progression of lung
cancer may not be influenced by environment as much as cancer growth itself. So, the disaster
will not impact on lung cancer immediately. Although the interruption of chemotherapy and/or

radiotherapy would worsen the prognosis, it cannot be confirmed during our study period.

Effect on ADL

In acute phase, patients with poor ADL, especially those originally dependent, were hospitalized
for pulmonary diseases, typically pneumonia, although substantial number of good ADL
patients was also hospitalized. After 3 weeks, there was a sharp increase in newly dependent
people who deteriorated their ADL after the disaster. It was reported that physical disability was
an independent risk factor for death in Hanshin-Awaji earthquake and the 1999 Taiwan

1 However, those reports investigated the mortality in acute phase, not

earthquake
hospitalization in subacute or chronic phase. After the earthquake and tsunami, one fourth of
people in Ishinomaki region fled into shelters, many of which were also flooded by tsunami.
They lacked water and food under harsh condition of cold season without heating in
overcrowded quarter just letting them lie on the floor without beds. In such bad conditions,
elderly people were restricted their consumption food and water, and kept still in a small space,
resulting in deterioration of ADL. In addition, scarcity of water worsened oral hygiene. Both
poor functional status and loss of oral hygiene were the major risk factor of pneumonia®*?’,
especially in elderly people. Subsequently, many elderly people were hospitalized for “shelter
pneumonia” after the earthquake. Also, poor oral hygiene induces swallowing dysfunction™ and
swallowing dysfunction could be a risk factor of exacerbation of COPD*. It would be one of the

reasons why AE-COPD increased especially in elderly people.
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Effect on aging society

According to the report of government of Japan, 93% of the fatalities were drowning and more
than 60% of them were over 60 years old in the Great East Japan earthquake. Although it was
reported by many previous reports that elderly people had a greater risk of death after the
earthquake, the proportion of the elderly killed by this earthquake and tsunami was extremely
high in comparison to other major earthquake or tsunami in the world*®. Similar finding was
reported only in 1995 Hanshin-Awaji earthquake and 2004 Mid Niigata earthquake in Japan'> "’
Moreover, 90.8% of the patients hospitalized for respiratory disease after the earthquake were
over 60 years old in our study. These results suggest that elderly people were vulnerable not
only immediately after the earthquake but also for a while after the earthquake.

In 1999 Taiwan earthquake, 2003 heat waves in the Czech Republic, and 2004
Sumatra-Andaman earthquake, it is demonstrated that these disasters has left decreased
mortality in the stricken area, resulted from a large number of direct death by disasters among a

3031 " called “harvesting effect”.

vulnerable population such as elderly people or children
However, our observation suggests that, in the aging society, a huge disaster not only directly
kills the wvulnerable people but also produces new vulnerable people. Previous reports
demonstrated that prolonged harmful influence on mental health and psychological slow
recovery were seen more frequently in the elderly people than young people’*™”. Therefore, we

should pay a long-term attention on those elderly people after a disaster.

Implications for policy and practice

Our observation suggests two important targets for reducing hospitalization for respiratory
disease after the major disaster in aging society. One target is interruption of treatment for
chronic respiratory disease and the other target is deterioration of ADL. Interruption of
treatment for chronic respiratory disease was preventable by storing the drugs for a few days.
However, it is necessary to establish the system of valid storage to grasp regional prescription
data of each drug and patient’s personal medication data. Telemedicine system or web-based
patient data storage system might be useful. Prevention of deterioration of ADL is also
important. Elderly people are potentially vulnerable and easily deteriorate their ADL. In our
study, remaining at shelters in stricken area for more than three weeks led increase in
deterioration of ADL and hospitalization for respiratory diseases. Therefore, we propose to

evacuate elderly people out of the stricken area as soon as possible.

Strengths and weaknesses of study
Our study had two important strengths. First, the Great East Japan Earthquake hit one of the

most rapidly aging societies in the world’. As the proportion of elderly people continues to
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increase in not only developed but also developing countries, there is an urgent need of
information and analysis on the aging society to plan countermeasures against it. Our study will
give lessons against natural disaster to all the countries. Secondly, we obtained detailed data of
patient’s demographics, diagnosis, and ADL in a catastrophic situation. It is because that our
hospital has kept its medical function, including electronic medical record system or laboratory
systems, while devastating earthquake and tsunami hit Ishinomaki city and almost all medical
facilities lost their function, and that stuffs in our hospital has trained for the coming earthquake
and has had an strong motivation to record our experiences as memos or on digital recorders for
future disaster medicine.

Our study is single center study. This might be weakness of our study, but our hospital was the
only functional hospital after the earthquake in Ishinomaki medical zone which account for
more than 30% of total fatalities of this earthquake in Japan. Also, it has been the only hospital
which has the department of respiratory medicine and pulmonary specialists in the medical zone.
Even in the ordinary time before the disaster, it accepted almost all of the serious patients with
pulmonary diseases who needed hospitalization. Therefore, we think our study well represents
impact of the earthquake on pulmonary diseases and describes what happened in the hospital
which faced the earthquake at the front®. It is also weakness of our study that we analyzed only
hospitalized patients. There were a great number of outpatients and a heavy loss of lives. These
events will be analyzed in the future report. Another weakness of our study is that
cross-sectional study cannot elucidate a causal relationship. Finally, we did not clearly define
the condition of hospitalization. Because the destruction of ordinary healthcare system and poor
hygiene outside the hospital, we hospitalized some patients who could be treated in outpatient

setting in ordinary time. However, this was a real situation after devastating disaster.

Conclusion

The Great East Japan earthquake and following tsunami hit the one of the most rapidly aging
society in the world. After the disaster, pneumonia, exacerbation of COPD, bronchial asthma
attack associated with bad ADL in the elderly provoked the most part of increase in
hospitalization for pulmonary diseases. These observations should be exploited in constructing

emergency medical management for disasters in progressive rapidly aging society.
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Table

Table 1. Association of ADL with patient’s characteristics and respiratory disease.

Newly Originally
Independent
dependent dependent
n=70
n=104 n=137
Age 69.9+£15.1 73.1£11.2 80.3£10.5
Male 49 (70.0) 63 (60.6) 69 (50.4)
Diagnosis
Pneumonia 31 (44.3) 59 (56.7) 94 (68.6)
AE-COPD 17 (24.3) 17 (16.4) 15 (11.0)
Asthma 11 (15.7) 11 (10.6) 537
Lung cancer 3(4.3) 6 (5.8) 12 (8.8)
Others 8 (11.4) 11 (8.0) 11 (8.0)

AE-COPD, acute exacerbation of COPD.

Data are mean +SD for numerical variables and number (%) for categorical variables.
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Figure legends
Figure 1. The number of unscheduled hospitalization for all causes (A) and for respiratory
disease (B) from March 11 to May 9 in 2009, 2010 and 2011, presented in 10 day bins.

Figure 2. The number and proportion of patients hospitalized for respiratory disease from March
11 to May 9 in 2009, 2010, and 2011, presented in 10 day bins.

Figure 3. Distribution of patients hospitalized for respiratory disease after the Great East Japan
earthquake from March 11 to May 9 in 2011, presented in 10 day bins.

Figure 4. Influence of the disaster on ADL status and its deterioration in hospitalized patients for

respiratory disease from March 11 to May 9 in 2011, presented in 10 day bins.
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Article summary

Article focus

The Great East Japan Earthquake attacked one of the most advaneedrapidly aging
societies in the world. Respiratory medicine is the major field in gerontology. Here we
address how seriously the disaster affected respiratory diseases in the most heavily
stricken area, which has one of the highest ratios of elderly people in Japan.

The study gives lessons against natural disasters and aging society.

Key messages

After the earthquake and tsunami, admission from pneumonia and exacerbation of chronic
respiratory disease in elderly increased.

Harsh conditions and poor ADL after the disaster may be associated with increase in
hospitalization for respiratory diseases in elderly people.

Strengths and limitations of study

We could obtain detailed data of patient even in the catastrophic state.

We analyzed only hospitalized patients. But there were a great number of outpatients

as well as heavy loss of lives.
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Abstract

Objective

To investigate the impact of the 2011 Great East Japan earthquake on hospitalization for
respiratory disease at the disaster base hospital in aging society.

Design

Descriptive and cross sectional study.

Setting

Emergency care in Japanese Red Cross Ishinomaki Hospital, a regional disaster base
hospital, Miyagi, Japan.

Participants

322 emergency patients who hospitalized for respiratory disease from March 11 to May
91in 2011, and 99 and 105264 emergency patients who hospitalized in the corresponding
time-period of 2009 and 2010, respectively.

Main outcome measures

Description and comparison of patient’s characteristics and disease distribution in terms of age,
time after the disaster, and activitiesy of daily living (ADL).

Results

Total_ number of patients hospitalized in our hospital in the study period was 1769 (335769850

in 2009, 1030 in 2010), and the —patients-admitted-to-our-hospitaland-number of hospitalized
for respiratory disease in them was 322 (99 in 2009, 105 in 2010). 322 of them were

hocnitalizad camire i he firct 60 davuce after the anrthanalke Meaean aoe
osP ato P ory—d d d g o

patient-was75-7+125-years-old-Among admission for pulmonary diseases, pPneumonia was the
most frequent disease (n=190, 59.0%), followed by acute exacerbation of chronic obstructive
disease (AE-COPD) (n=53, 16.5%), attack of asthma (n=27, 8.4%), and progression of lung
cancer (n=22, 6.8%). Compared with the corresponding period of 2009 or 2010, increase in

absolute number of hospitalization was the highest for pneumonia, followed by AE-COPD and
attack of asthma. Elderly-patients-were-more-likely-hospitalized-afterthe-earthquake—especially
3 t— —At hospitalization, 195 patients were “dependent” and 54

patients were ‘“partially dependent”. Respiratory admission accompanied by deterioration

Deterioration-of ADL after the disaster was more frequent in elderly and female patients.

e mean Q o Hd—nthen en h-deterio on—-of-AD nd
d d Wa yea a Al ad a

Conclusions

After the Great East Japan Earthquake, admission for pneumonia and exacerbation of chronic

respiratory disease in elderly increased at the disaster base hospital.
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Introduction

On Marchll1, 2011, at 2:46 pm Japan time, the Pacific coast of Japan’s Tohoku (northeastern)
region was struck by the massive earthquake (The Great East Japan Earthquake), measuring
magnitude 9.0 on the Richter scale'. The earthquake triggered a devastating tsunami which
destroyed many towns and villages near the seashore. The epicenter was estimated to be about
70 kilometers east of Oshika Peninsula of Ishinomaki in Miyagi. Officially, over 19,000 people
were killed or missing and the maximum number of refugees reached more than 550,0007.
Ishinomaki city, located in Pacific coast of Honshu Island, suffered from the largest number of
victims in Japan, 3,280 people were killed and 669 people were still missing. A great number of
casualties, more than 10,000 patients in the first 30 days, were treated at Japanese Red Cross
Ishinomaki Hospital, a regional disaster base hospital in Ishinomaki which uniquely preserved

its hospital function in Ishinomaki region during and after the disaster.

Japan is one of the most rapidly advaneed-aging society in the world. 23% of Japanese citizens
were age 65 or overyeass-old-or-meore in 2010°._—Espeeially.Tohoku region is especially rapidly
a-highly-advaneed-aging society in Japan, 26.6% of people living in Ishinomaki city were age
65 or overyears—eld—er—meore in 2010+. Although several reports showed the significant
association between age and earthquake and tsunami death®®, there were few reports
investigating the impact of a tremendous disaster on_elderly peoples in— such an aging society’
10

Respiratory diseases are common in the elderly peeple-even in ordinary times. So, investigating
the impact of the disasters on respiratory health will contribute to elucidating the problem of
aging society. Thus, we performed retrospective descriptive and cross-sectional analysis of the
medical and epidemiologic data of the patient requiringrequired hospitalization for respiratory

disease after the Great East Japan Earthquake and following tsunami.

Methods

This study was a retrospective descriptive and cross-sectional analysis of the data obtained from
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the medical records at Japanese Red Cross Ishinomaki Hospital. We reviewed medical records
of patients admitted to the hospital for respiratory diseases during the first 60 days after the
Great East Japan Earthquake, when the hospital solely accepted emergency patients. We also
reviewed medical records of patients who required unscheduled hospitalization for respiratory
disease in the corresponding period of 2009 and 2010.

Japanese Red Cross Ishinomaki Hospital which had 402 beds for inpatients was located at 4.5
km inland from Pacific Ocean. It has covered about 220,000 people living in its medical zone
(Ishinomaki_City, Onagawa Town, erand Higashi-matsushima City) and assigned to a regional
disaster base hospital. It has reeeivedaccepted almost all of the emergency respiratory patients
even in the ordinary time _before the disaster, because it ishas been the unique hospital having
the respiratory department and pulmonary specialists in the region.

Medical records were investigated in terms of date of admission, age, sex, diagnosis. We also
investigated activitiesaetivity of daily living (ADL) at hospitalization and ADL before
earthquake, and their residence before admission on the medical record of 2011 study period.
For comparison, the total number of unscheduled hospitalization te—the—hespital-during the
corresponding periods in 2009 and 2010 was counted.

Pneumonia was defined as the presence of the infiltration on chest radiograph along with one or
more of the following symptoms or signs: fever, cough, sputum production, breathlessness,
pleuritic chest pain or signs consistent with pneumonia on auscultation.

Chronic obstructive pulmonary disease (COPD) and bronchial asthma were detected by the
previous spirometric data, patient’s self-report, or physician’s diagnosis made by patient’s
history, physical examination, and radiological finding. An acute exacerbation of
COPD(AE-COPD) was defined as an increase in or new onset of more than one symptom of
COPD (cough, sputum, wheezing, dyspnea or chest tightness) without pneumonia or
pneumothorax. An attack of asthma was defined as the presentation of wheezes or severe cough
in asthma patients without pneumonia. Progression of lung cancer was defined as requirement
for admission for lung cancer associated condition such as dehydration, respiratory failure, or
uncontrolled pain. Obstructive pneumonia due to lung cancer was considered as progression of
lung cancer. Chest trauma and traumatopnea were not considered as respiratory disease but
chest injury.

ADL was assessed by the information from a patient, patient’s family, or patient’s caregiver, and
classified into three categories; “independent” who could live without particular support,
“partially dependent” who could not leave their residence without any support, “dependent”

who spent a day on the bed or the wheelchair and lost the ability to move for themselves.

FuorthermereTo investigate the impact of the disaster on ADL, we defined as “originally

dependent” who were dependent or partially dependent before the disaster, and as “newly
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| dependent” who became dependent or partially dependent after the disaster.

Data analysis B -- { Formatted: Font: Bold

All data were entered into a personal computer and analyzed using Microsoft ™ Excel software
and statistical analysis was performed using JMP9 (SAS Institute Inc., Cary, NC, USA). A
missing value in medical record was treated as “unknown”. Results were given as mean + SD
for numerical variables and as proportions for categorical variables. To analyze sequential
change of the effect of the disaster, we divided 60 days of study period into six groups of-each
ten days_bins. To investigate the risk of hospitalization for respiratory disease after the
earthquake and tsunami, we compared the patient’s characteristics of 2011 study period with the
that-ef-combined data of20H0-a1d-2009 2009 and 2010 corresponding period as ordinary time.
We used two-sided Student’s #-test for numerical variables and chi-square test for the categorical

variables.

as statistically significant.

Result

All of the scheduled hospitalization was cancelled and emergency admission was solely
accepted during the first 60 day after the earthquake at Japanese Red Cross Ishinomaki Hospital.
1,769 patients admitted to the hospital, and 322 of them were hospitalized for respiratory

disease during the study period. Ratients—hespitalized—{fer—respiratory—di aceeunted—for

L8 2% et tetalhospitalization-durinethestudypes ied=In the corresponding period, total number

of unscheduled hospitalization was 850 and that for respiratory disease was 99 in 2009 and

1.030 and 105 in 2010. Patients hospitalized for respiratory disease accounted for 18.2% of total

hospitalization during the study period. This proportion was significantly higher than that of
2009 and 2010 (11.6% in 2009. P<0.001. 10.2% in 2010. P<0.001).the-cerrespondingperiod-of

ars;—H0-2% : 6% — While the number of total hospitalizations

of this period in 2011 was about twice of that in 2009 and 2010, hospitalization for respiratory
disease in 2011 reached about three times or more than that of 2009 and 2010. The total number
of hospitalizations was atpeakpeaked in the first ten days-and-then-deereased, but the number of

hospitalization for respiratory disease kept increasing for 20 days (Figure 1A and B).

We compared the number and proportion of patients hospitalized for respiratory diseasedisease

distribution between 2011, 2010, and 2009 _study periods (Figure 2). Pneumonia was the most

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 22 of 42




Page 23 of 42 BMJ Open

©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

© 0 1 O Ol A W N M

W W W W W W W NN DN DN DN DNDDNDDNDNDN e e e
S Ot A W N O © 00 OO0 Ok WD H O O o]0 Otk WD H O

frequent disease (n=190, 59.0%), followed by AE-COPD (n=53, 16.5%), attack of asthma (n=27,
8.4%), and progression of lung cancer (n=22, 6.8%). One case of AE-COPD and seven cases of
attack of asthma were physician’s diagnosis. Category “Others” included pneumothorax,
restrictive thoracic disease, pleural effusion, influenza, drowning, primary pulmonary
hypertension, requirement of mechanical ventilator support for neuromuscular disease, and so
on. One patient diagnosed as pneumonia was complicated by attack of asthma and two patients
of pneumonia exacerbated their symptom of COPD. They were treated for both conditions and
counted as pneumonia. In comparison with the past two years, the increase in abselate-number
of hospitalizations was the largest for pneumonia, followed by AE-COPD and attack of asthma.
The number of hospitalization for progression of lung cancer and that for “others”-diseases were

not so deferentdifferent from the past two years. 39.4% of patients were hospitalized fromstayed
at emergency shelters-before-hospitalization-.

To investigate the disease specific effect of earthquake, age and sex of each disease were
compared between the study period in 2011 and the corresponding period in the past two years
Fable. The mean age of patients hospitalized for respiratory disease was significantly higher
in 2011 than in the past two years (75.7£12.5 years-eld-v.s. in-204-73.2+13.4 years old-in2610
and-—2009. p=0.03). Male proportion tended to be lower in 2011 than in the past two years
(59.6% in 2011, 67.2% in 2010 and 2009. p=0.08). Specifically, pneumonia patients and
AE-COPD patients were significantly older in 2011 study period than in 2010 and 2009
corresponding period(77.6£11.8 v.s. 74.3+12.8 years old in pneumonia patients. p=0.03.
76.0+£8.7 v.s. 69.5£15.9 years old in AE-COPD patients. —and—p=0.03—+espeetively). Male
population of AE-COPD was significantly higher (81.1% v.s. 50.0%. p=0.01), whereas that of
attack—of-asthma attack significantly lower in 2011 period than 2010 and 2009 periods_(18.5%
V.8. 54.6%. p=0-0+-and-p=0.03;+respeetively).

Actual numbers of hospitalization for the main respiratory diseases in terms of every ten days
bins during the study period is shown in Figure 3. Pneumonia presented-its—peak-peaked in the
second peried10 day bin. Following pneumonia, AE-COPD and attack of asthma presented-its

peakpeaked in the third 10 day binperied.-and-pProgression of lung cancer had its peak in the
fifth 10 day binperiod. -Attack-ofasthmahad-small-peak-in-the samethird-period-asAECOPD-
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Next, we investigated ADL at hospitalization and ADL before the disaster among the patients

hospitalized in 2011 study period. Because of confusing situation of medical activities after the

disaster, ADL was not recorded in 11 patients-ABDE-before-the-disaster;- ADE-at-hespitalization;

hoth—AD vere n = =

B 5

hospitalization, 195 patients (60.5%) were “dependent” and 54 patients (16.7%) were “partially
dependent”. Those—patients—aceounted—tor—76:9—%—of —the—patients—hospialized—alter—the
earthquake—On the other hand, before earthquake, only 86 patients (26.7%) were “dependent”
and 51 patients (15.8%) were “partially dependent”.—Fhese—patients—accountedfor42-5%of
hespitalized-patients-after-the-earthquake- To investigate the impact of ADL and its deterioration
on admission for pulmonary disease in terms of time after the disaster,We we analyze-sequential
ehange—incounted the number of the patients who were “originally dependent”, “newly

dependent”, or “independent_throughout” at-hespitalizationduring 60 days presented in 10 day

bins (Figure 4). Throughout the study period, majority of patients were dependent or partially

dependent patient. In the first 20 days, the majority of admissions were for originally dependent

people. After 30days, there was a sharp increase in newly dependent people, as assessed by

thereafter. Independent patients were hospitalized mainly during first 20 days.

Table 13 showed the association of ADL category (independent_throughout, newly dependent,
and originally dependent) with patient’s age, sex, and diagnosis. Regarding diagnosis, ratio of
each disease was calculated in each category. Eleven patients whose ADL was not completely
recorded were excluded from the data. Young and male patients were more frequent in order of
independent, newly dependent and originally dependent. On investigation in patient’s diagnosis,
the proportion of pneumonia and progression of lung cancer increased in the same order, while

the proportion of AE-COPD and asthma decreased.

Discussion
Summary
In this retrospective descriptive and cross-sectional study, we found substantial increase in
elderly patients hospitalized for respiratory disease after the earthquake and tsunami. Pneumonia,

AE-COPD, and attack of asthma were apparently increased after earthquake. Mean age of
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patients hospitalized for respiratory disease after the earthquake was significantly higher than
that of erdinary-yearscorresponding periods of the past two years. Majority of patients had poor

ADL and many of them experienced deterioration of ADL after the earthquake.

Effect on respiratory disease
Previous reports on Hanshin-Awaji earthquake showed initial rush of patients with injury and
following increase of patients with respiratory disease, especially pneumonia' . Similarly, our
observation showed marked increase in pneumonia patients, although initial rush of heavy
injury patients was absent in this disaster because majority of victims were drawndrowned to
death and heavily injured patients were seldom carried to the hospital.
The cause of increase in respiratory disease was different in each situation. After the 2004
Sumatra-Andaman earthquake and following tsunami, the number of lower respiratory infection
in Ache was rapidly increased after the disaster and sharply declined in the second week'!. On
the other hand, after the 1995 Hanshin-Awaji earthquake, the number of patients hospitalized for
pneumonia was gradually increased and kept high proportion over the two month® '°. This
difference is ascribable to the mechanism of developing pneumonia. In Sumatra-Andaman
earthquake, many of pneumonia were resulted from aspiration of tsunami-water in
near-drowning events'” '®. Those pneumonias were called “tsunami lung”. On the other hand, in
the Hanshin-Awaji earthquake, many patients developed pneumonia in shelters under unhealthy
environment and most of them were in elderly. Those pneumonias were called “‘shelter
pneumonia” . In this earthquake and tsunami, we experienced few number of pneumonia
ven in the very acute period. Mest-patientseame
= _ 5 —and-aA few of the

patient directory came from the field, instead, most patients came from shelters, their own or

directly caused by aspiration of tsunami-water e

relative’s homes. other hospitals, or nursing homes.- The mean age of them was significantly

higher than that of 2010 and 2009. Therefore, we theughtregarded most of pneumonia we
treated wasas the same kind of “‘shelter pneumonia”.

AE-COPD was also remarkably increased. COPD was one of the most common chronic
respiratory diseases, especially in elderly people. It is well known that interruption of treatment
for chronic disease will easilyfrequently exacerbate patient’s condition, and it is also true after a
natural disaster'* "**°. Many patients lost their drugs by tsunami flooding, therefore, interruption
of regular medication may partly account for the increase in hospitalization by AE-COPD.

Sunny and windy days lasted from the end of March and dust from the tsunami sludge was an

important component of particulate air pollution; it may have contributed to the significant
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hospitalization by AE-COPD.

Although asthma was also one of the most common chronic respiratory diseases and had the

same precipitating cause with COPD, attack of asthma was not so much increased as AE-COPD.

This difference might be caused by two important differences between asthma and COPD. First,
generally, patients of COPD were older than those of asthma. Therefore, baseline health
condition of patients of COPD would be poorer than that of asthma®. As a result, COPD
patients required more frequent hospitalization. In our study, mean age of AE-COPD was higher
than that of attack of asthma as well. Second, bacterial respiratory infection affects patients with
COPD more than those with asthma®. In the aftermath of earthquake, loss of hygiene and
overcrowding in the shelter could increase the risk of respiratory bacterial infection and cause
AE-COPD.

Hospitalization for lunglung cancer related symptonshespitalization did not increase much and

its ratio to total hospitalization for respiratory diseases rather declined. Mean age of lung cancer
patients was similar to that in the past two years. Maeda et al. also reported that no increase in
lung cancer related hospitalization was observed after Hanshin-Awaji earthquake™. Progression
of lung cancer may not be influenced by environment as much as cancer growth itself. So, the
disaster will not impact on lung cancer immediately. Although the interruption of chemotherapy
and/or radiotherapy would worsen the prognosis, it cannot be confirmed during our study

period.

Effect on ADL

s—In acute phase, patients with poor ADL,
especially those originally dependent-enes, were hospitalized for pulmonary diseases, typically

pneumonia,; although substantial number of good ADL patients was also hospitalized. After 3-e¢

4 weeks, there was a sharp increase in newly dependent peoplemany—people who deteriorated

their ADL after the disaster: ses. It was

reported that physical disability was an independent risk factor for death in Hanshin-Awaji

earthquake and the 1999 Taiwan earthquake’ '

. However, those reports investigated the
mortality in acute phase, not hospitalization in subacute or chronic phase. After the earthquake
and tsunami, one fourth of people in Ishinomaki region fled into shelters, many of which were
also flooded by tsunami. They lacked water and food under harsh condition of cold season
without heating in overcrowded reemquarter just letting them lie on the floor without beds. In

such bad conditions, elderly people were restricted their consumption food and water, and kept

10
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still in enea small space.; asaresultthey-deteriorated-theirresulting in deterioration of ADLs. In

addition, scarcity of water worsened oral hygiene. Both poor functional status and loss of oral

hygiene were the major risk factor of pneumonia®*®’, especially in elderly people.
Subsequently, many elderly people were hospitalized for “shelter pneumonia” after the
earthquake. Also, poor oral hygiene induces swallowing dysfunction®® and swallowing
dysfunction could be a risk factor of exacerbation of COPD”. It would be one of the reasons

why AE-COPD increased especially in elderly people.

Effect on aging society

According to the report of government of Japan, 93% of the fatalities were drowning and more
than 60% of them were over 60 years old-ermere in the Great East Japan earthquake. Although
it was reported by many previous reports that elderly people had a greater risk of death after the

earthquake, the proportion of the elderly—peeple killed by this earthquake and tsunami was

extremely high in comparison to other major earthquake or tsunami in the world*®. Similar
finding was reported only in 1995 Hanshin-Awaji earthquake and 2004 Mid Niigata earthquake
in Japan'? 7. Moreover, 90.8% of the patients hospitalized for respiratory disease after the
earthquake were over 60 years old-er—srere in our study. These results suggested that elderly
people were vulnerable not only immediately after the earthquake but also for a while after the
earthquake.

In 1999 Taiwan earthquake, 2003 heat waves in the Czech Republic, and 2004
Sumatra-Andaman earthquake, it is demonstrated that these disasters has left decreased
mortality in the stricken area, resulted from a large number of direct death by disasters among a

vulnerable population such as elderly people or children’ ** !

, called “harvesting effect”.
However, our observation suggests that, in the aging society, a huge disaster not only directly
kills the vulnerable people but also rewdy—produces new vulnerable people. Previous reports
demonstrated that prolonged harmful influence on mental health and psychological slow
recovery were seen more frequently in the elderly people than young people®®™’. Therefore, we

should pay a long-term attention on those elderly people after a disaster.

Implications for policy and practice

Our observation suggests two important targets for reducing hospitalization for respiratory
disease after the major disaster in aging society. One target is interruption of treatment for
chronic respiratory disease and the other target is deterioration of ADL. Interruption of
treatment for chronic respiratory disease was preventable by storing the drugs for a few days.

However, it is necessary to establish the system offer valid storage to grasp regional prescription

data of each drug and patient’s personal medication data. Telemedicine system or web-based
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patient data storage system might be useful. Prevention of deterioration of ADL is also
important. Elderly people areis potentially vulnerable and easily deteriorate their ADL. In our
study, remaining at shelters in stricken area for more than three weeks led increase in

deterioration of ADL and hospitalization for respiratory diseases. Therefore, we propose to

| transterevacuate elderly people-te out of the stricken area as soon as possible.

Strengths and weaknesses of study

Our study had two important strengths. First, the Great East Japan Earthquake hit one of the
most advancedrapidly aging societies in the world®. As the proportion of elderly people
continues to increase in not only developed-eeuntries but also developing countries, there is an
urgent need of information and analysis on the aging society to plan countermeasures against it.
Our study will give lessons against natural disaster to all the countries. Secondly, we obtained
detailed data of patient’s demographics, diagnosis, and ADL in a catastrophic situation. It is
because that our hospital has kept its medical function, including electronic medical record
system or laboratory systems, while devastating earthquake and tsunami hit Ishinomaki city and
almost all medical facilities lost their function, and that stuffs in our hospital has trained for the
coming earthquake and has had an strong motivation to record our experiences as memos or on

digital recorders for future disaster medicine-for-the-future.

Our study is single center study. This might be weakness of our study, but our hospital was the
only functional hospital after the earthquake in Ishinomaki medical zone which account for
more than 30% of total fatalitiesvietims of this earthquake in Japan. Also, it has been the only
hospital which has the department of respiratory medicine and pulmonary specialists in the
medical zone. Even in the ordinary time before the disaster, it accepted almost all of the serious
patients with pulmonary diseases who needed hospitalization. Therefore, we think our study

well represents impact of the earthquake on pulmonary diseasese and describes what happened

in the hospital which faced the earthquake at the front>. It is also weakness of our study that we

analyzed only hospitalized patients. There were a great number of outpatients and a heavy loss
of lives. These events will be analyzed in the future report. Another weakness of our study is
that cross-sectional study cannot elucidate a causal relationship. Finally, we did not clearly
define the condition of hospitalization. Because the destruction of ordinary healthcare system
and poor hygiene outside the hospital, we hospitalized some patients who could be treated in

outpatient setting in ordinary time. However, this was a real situation after devastating disaster.

Conclusion
The Great East Japan earthquake and following tsunami hit the one of the most advaneedrapidly

aging society in the world. After the disaster, pneumonia, exacerbation of COPD, bronchial
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asthma attack associated with bad ADL in the elderly provoked the most part of increase in
hospitalization for pulmonary diseases. These observations should be exploited in constructing

emergency medical management for disasters in progressive advaneedrapidly aging society.
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Table 13. Association of ADL with patient’s characteristics and respiratory disease.

Newly Originally
Independent
dependent dependent
n=70
n=104 n=137
Age 69.9+15.1 73.1x11.2 80.3£10.5
Male 49 (70.0) 63 (60.6) 69 (50.4)
Diagnosis
Pneumonia 31 (44.3) 59 (56.7) 94 (68.6)
AE-COPD 17 (24.3) 17 (16.4) 15 (11.0)
Asthma 11 (15.7) 11 (10.6) 5@3.7)
Lung cancer 34.3) 6(5.8) 12 (8.8)
Others 8(11.4) 11 (8.0) 11 (8.0)

AE-COPD, acute exacerbation of COPD.

Data are mean +SD for numerical variables and number (%) for categorical variables.
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Article summary

Article focus

The Great East Japan Earthquake attacked one of the most rapidly aging societies in
the world. Respiratory medicine is the major field in gerontology. Here we address how
seriously the disaster affected respiratory diseases in the most heavily stricken area,
which has one of the highest ratios of elderly people in Japan.

The study gives lessons against natural disasters and aging society.

Key messages

After the earthquake and tsunami, admission from pneumonia and exacerbation of chronic
respiratory disease in elderly increased.

Harsh conditions and poor ADL after the disaster may be associated with increase in
hospitalization for respiratory diseases in elderly people.

Strengths and limitations of study

We could obtain detailed data of patient even in the catastrophic state.

We analyzed only hospitalized patients. But there were a great number of outpatients

as well as heavy loss of lives.
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Abstract

Objective

To investigate the impact of the 2011 Great East Japan earthquake on hospitalization for
respiratory disease at the disaster base hospital in aging society.

Design

Descriptive and cross sectional study.

Setting

Emergency care in Japanese Red Cross Ishinomaki Hospital, a regional disaster base
hospital, Miyagi, Japan.

Participants

322 emergency patients who hospitalized for respiratory disease from March 11 to May
9 in 2011, and 99 and 105 emergency patients who hospitalized in the corresponding
period of 2009 and 2010, respectively.

Main outcome measures

Description and comparison of patient’s characteristics and disease distribution in terms of age,
time after the disaster, and activities of daily living (ADL).

Results

Total number of patients hospitalized in our hospital in the study period was 1769 (850 in 2009,
1030 in 2010), and the number of hospitalized for respiratory disease in them was 322 (99 in
2009, 105 in 2010). Among admission for pulmonary diseases, pneumonia was the most
frequent disease (n=190, 59.0%), followed by acute exacerbation of chronic obstructive disease
(AE-COPD) (n=53, 16.5%), attack of asthma (n=27, 8.4%), and progression of lung cancer
(n=22, 6.8%). Compared with the corresponding period of 2009 or 2010, increase in absolute
number of hospitalization was the highest for pneumonia, followed by AE-COPD and attack of
asthma. At hospitalization, 195 patients were “dependent” and 54 patients were “partially
dependent”. Respiratory admission accompanied by deterioration of ADL after the disaster was
more frequent in elderly and female patients.

Conclusions

After the Great East Japan Earthquake, admission for pneumonia and exacerbation of chronic

respiratory disease in elderly increased at the disaster base hospital.
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Introduction

On Marchll, 2011, at 2:46 pm Japan time, the Pacific coast of Japan’s Tohoku (northeastern)
region was struck by the massive earthquake (The Great East Japan Earthquake), measuring
magnitude 9.0 on the Richter scale'. The earthquake triggered a devastating tsunami which
destroyed many towns and villages near the seashore. The epicenter was estimated to be about
70 kilometers east of Oshika Peninsula of Ishinomaki in Miyagi. Officially, over 19,000 people
were killed or missing and the maximum number of refugees reached more than 550,000,
Ishinomaki city, located in Pacific coast of Honshu Island, suffered from the largest number of
victims in Japan, 3,280 people were killed and 669 people were still missing. A great number of
casualties, more than 10,000 patients in the first 30 days, were treated at Japanese Red Cross
Ishinomaki Hospital, a regional disaster base hospital in Ishinomaki which uniquely preserved
its hospital function in Ishinomaki region during and after the disaster.

Japan is one of the most rapidly aging society in the world. 23% of Japanese citizens were age
65 or over in 2010°. Tohoku region is especially rapidly aging society in Japan, 26.6% of people
living in Ishinomaki city were age 65 or over in 2010. Although several reports showed the
significant association between age and earthquake and tsunami death*®, there were few reports
investigating the impact of a tremendous disaster on elderly peoples in such an aging society’ '°.
Respiratory diseases are common in the elderly even in ordinary times. So, investigating the
impact of the disasters on respiratory health will contribute to elucidating the problem of aging
society. Thus, we performed retrospective descriptive and cross-sectional analysis of the
medical and epidemiologic data of the patient required hospitalization for respiratory disease

after the Great East Japan Earthquake and following tsunami.

Methods

This study was a retrospective descriptive and cross-sectional analysis of the data obtained from
the medical records at Japanese Red Cross Ishinomaki Hospital. We reviewed medical records
of patients admitted to the hospital for respiratory diseases during the first 60 days after the
Great East Japan Earthquake, when the hospital solely accepted emergency patients. We also
reviewed medical records of patients who required unscheduled hospitalization for respiratory
disease in the corresponding period of 2009 and 2010.

Japanese Red Cross Ishinomaki Hospital which had 402 beds for inpatients was located at 4.5
km inland from Pacific Ocean. It has covered about 220,000 people living in its medical zone
(Ishinomaki City, Onagawa Town, and Higashi-matsushima City) and assigned to a regional
disaster base hospital. It has accepted almost all of the emergency respiratory patients even in

the ordinary time before the disaster, because it has been the unique hospital having the
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respiratory department and pulmonary specialists in the region.

Medical records were investigated in terms of date of admission, age, sex, diagnosis. We also
investigated activities of daily living (ADL) at hospitalization and ADL before earthquake, and
their residence before admission on the medical record of 2011 study period. For comparison,
the total number of unscheduled hospitalization during the corresponding periods in 2009 and
2010 was counted.

Pneumonia was defined as the presence of the infiltration on chest radiograph along with one or
more of the following symptoms or signs: fever, cough, sputum production, breathlessness,
pleuritic chest pain or signs consistent with pneumonia on auscultation.

Chronic obstructive pulmonary disease (COPD) and bronchial asthma were detected by the
previous spirometric data, patient’s self-report, or physician’s diagnosis made by patient’s
history, physical examination, and radiological finding. An acute exacerbation of
COPD(AE-COPD) was defined as an increase in or new onset of more than one symptom of
COPD (cough, sputum, wheezing, dyspnea or chest tightness) without pneumonia or
pneumothorax. An attack of asthma was defined as the presentation of wheezes or severe cough
in asthma patients without pneumonia. Progression of lung cancer was defined as requirement
for admission for lung cancer associated condition such as dehydration, respiratory failure, or
uncontrolled pain. Obstructive pneumonia due to lung cancer was considered as progression of
lung cancer. Chest trauma and traumatopnea were not considered as respiratory disease but
chest injury.

ADL was assessed by the information from a patient, patient’s family, or patient’s caregiver, and
classified into three categories; “independent” who could live without particular support,
“partially dependent” who could not leave their residence without any support, “dependent”
who spent a day on the bed or the wheelchair and lost the ability to move for themselves. To
investigate the impact of the disaster on ADL, we defined as “originally dependent” who were
dependent or partially dependent before the disaster, and as “newly dependent” who became

dependent or partially dependent after the disaster.

Data analysis

All data were entered into a personal computer and analyzed using Microsoft ™ Excel software
and statistical analysis was performed using JMP9 (SAS Institute Inc., Cary, NC, USA). A
missing value in medical record was treated as “unknown”. Results were given as mean = SD
for numerical variables and as proportions for categorical variables. To analyze sequential
change of the effect of the disaster, we divided 60 days of study period into six groups of ten
day bins. To investigate the risk of hospitalization for respiratory disease after the earthquake

and tsunami, we compared the patient’s characteristics of 2011 study period with the combined
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data of 2009 and 2010 corresponding period as ordinary time. We used two-sided Student’s
t-test for numerical variables and chi-square test for the categorical variables. The p <0.05 is

accepted as statistically significant.

Result

All of the scheduled hospitalization was cancelled and emergency admission was solely
accepted during the first 60 day after the earthquake at Japanese Red Cross Ishinomaki Hospital.
1,769 patients admitted to the hospital, and 322 of them were hospitalized for respiratory
disease during the study period. In the corresponding period, total number of unscheduled
hospitalization was 850 and that for respiratory disease was 99 in 2009 and 1,030 and 105 in
2010. Patients hospitalized for respiratory disease accounted for 18.2% of total hospitalization
during the study period. This proportion was significantly higher than that of 2009 and 2010
(11.6% in 2009. P<0.001. 10.2% in 2010. P<0.001). While the number of total hospitalizations
of this period in 2011 was about twice of that in 2009 and 2010, hospitalization for respiratory
disease in 2011 reached about three times or more than that of 2009 and 2010. The total number
of hospitalizations was peaked in the first ten days, but the number of hospitalization for
respiratory disease kept increasing for 20 days (Figure 1A and B).

We compared the number and proportion of patients hospitalized for respiratory disease
between 2011, 2010, and 2009 study periods (Figure 2). Pneumonia was the most frequent
disease (n=190, 59.0%), followed by AE-COPD (n=53, 16.5%), attack of asthma (n=27, 8.4%),
and progression of lung cancer (n=22, 6.8%). One case of AE-COPD and seven cases of attack
of asthma were physician’s diagnosis. Category “Others” included pneumothorax, restrictive
thoracic disease, pleural effusion, influenza, drowning, primary pulmonary hypertension,
requirement of mechanical ventilator support for neuromuscular disease, and so on. One patient
diagnosed as pneumonia was complicated by attack of asthma and two patients of pneumonia
exacerbated their symptom of COPD. They were treated for both conditions and counted as
pneumonia. In comparison with the past two years, the increase in number of hospitalizations
was the largest for pneumonia, followed by AE-COPD and attack of asthma. The number of
hospitalization for progression of lung cancer and that for “others” were not so different from
the past two years. 39.4% of patients were hospitalized from emergency shelters.

To investigate the disease specific effect of earthquake, age and sex of each disease were
compared between the study period in 2011 and the corresponding period in the past two years.
The mean age of patients hospitalized for respiratory disease was significantly higher in 2011

than in the past two years (75.7+12.5 v.s. 73.2+13.4 years old. p=0.03). Male proportion tended

to be lower in 2011 than in the past two years (59.6% in 2011, 67.2% in 2010 and 2009. p=0.08).
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Specifically, pneumonia patients and AE-COPD patients were significantly older in 2011 study
period than in 2010 and 2009 corresponding period(77.6+11.8 v.s. 74.3+12.8 years old in
pneumonia patients. p=0.03. 76.0+8.7 v.s. 69.5£15.9 years old in AE-COPD patients. p=0.03).
Male population of AE-COPD was significantly higher (81.1% v.s. 50.0%. p=0.01), whereas
that of asthma attack significantly lower in 2011 period than 2010 and 2009 periods (18.5% v.s.
54.6%. p=0.03).

Actual numbers of hospitalization for the main respiratory diseases in terms of every ten day
bins during the study period is shown in Figure 3. Pneumonia peaked in the second 10 day bin.
Following pneumonia, AE-COPD and attack of asthma peaked in the third 10 day
bin.Progression of lung cancer had its peak in the fifth 10 day bin.

Next, we investigated ADL at hospitalization and ADL before the disaster among the patients
hospitalized in 2011 study period. Because of confusing situation of medical activities after the
disaster, ADL was not recorded in 11 patients At hospitalization, 195 patients (60.5%) were
“dependent” and 54 patients (16.7%) were “partially dependent”. On the other hand, before
earthquake, only 86 patients (26.7%) were “dependent” and 51 patients (15.8%) were “partially
dependent”. To investigate the impact of ADL and its deterioration on admission for pulmonary
disease in terms of time after the disaster, we counted the number of the patients who were
“originally dependent”, “newly dependent”, or “independent throughout” during 60 days
presented in 10 day bins (Figure 4). Throughout the study period, majority of patients were
dependent or partially dependent patient. In the first 20 days, the majority of admissions were
for originally dependent people. After 30days, there was a sharp increase in newly dependent
people, as assessed by ADL. Independent patients were hospitalized mainly during first 20
days.

Table 1 showed the association of ADL category (independent throughout, newly dependent,
and originally dependent) with patient’s age, sex, and diagnosis. Regarding diagnosis, ratio of
each disease was calculated in each category. Eleven patients whose ADL was not completely
recorded were excluded from the data. Young and male patients were more frequent in order of
independent, newly dependent and originally dependent. On investigation in patient’s diagnosis,
the proportion of pneumonia and progression of lung cancer increased in the same order, while

the proportion of AE-COPD and asthma decreased.

Discussion
Summary
In this retrospective descriptive and cross-sectional study, we found substantial increase in

elderly patients hospitalized for respiratory disease after the earthquake and tsunami. Pneumonia,
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AE-COPD, and attack of asthma were apparently increased after earthquake. Mean age of
patients hospitalized for respiratory disease after the earthquake was significantly higher than
that of corresponding periods of the past two years. Majority of patients had poor ADL and

many of them experienced deterioration of ADL after the earthquake.

Effect on respiratory disease

Previous reports on Hanshin-Awaji earthquake showed initial rush of patients with injury and
following increase of patients with respiratory disease, especially pneumonia'' . Similarly, our
observation showed marked increase in pneumonia patients, although initial rush of heavy
injury patients was absent in this disaster because majority of victims were drowned to death
and heavily injured patients were seldom carried to the hospital.

The cause of increase in respiratory disease was different in each situation. After the 2004
Sumatra-Andaman earthquake and following tsunami, the number of lower respiratory infection
in Ache was rapidly increased after the disaster and sharply declined in the second week'*. On
the other hand, after the 1995 Hanshin-Awaji earthquake, the number of patients hospitalized for
pneumonia was gradually increased and kept high proportion over the two month’ '°. This
difference is ascribable to the mechanism of developing pneumonia. In Sumatra-Andaman
earthquake, many of pneumonia were resulted from aspiration of tsunami-water in
near-drowning events'’ '°. Those pneumonias were called “tsunami lung”. On the other hand, in
the Hanshin-Awaji earthquake, many patients developed pneumonia in shelters under unhealthy
environment and most of them were in elderly. Those pneumonias were called “shelter
pneumonia” . In this earthquake and tsunami, we experienced few number of pneumonia
directly caused by aspiration of tsunami-water even in the very acute period. A few of the
patient directory came from the field, instead, most patients came from shelters, their own or
relative’s homes, other hospitals, or nursing homes. The mean age of them was significantly
higher than that of 2010 and 2009. Therefore, we regarded most of pneumonia we treated as the
same kind of “‘shelter pneumonia’’. We could not carry out a bacteriological examination for 14
days after the earthquake due to shortage of water, fuel, gas, and manpower. After that, we could
perform bacteriological examination, bacterial culture or gram staining. We treated most of the
pneumonias as “aspiration pneumonia in nursing home” because of the patients’ ADL.
AE-COPD was also remarkably increased. COPD was one of the most common chronic
respiratory diseases, especially in elderly people. It is well known that interruption of treatment
for chronic disease will frequently exacerbate patient’s condition, and it is also true after a
natural disaster'* '**°. Many patients lost their drugs by tsunami flooding, therefore, interruption
of regular medication may partly account for the increase in hospitalization by AE-COPD.

Sunny and windy days lasted from the end of March and dust from the tsunami sludge was an
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important component of particulate air pollution; it may have contributed to the significant
increase in hospitalization by AE-COPD.

Although asthma was also one of the most common chronic respiratory diseases and had the
same precipitating cause with COPD, attack of asthma was not so much increased as AE-COPD.
This difference might be caused by two important differences between asthma and COPD. First,
generally, patients of COPD were older than those of asthma. Therefore, baseline health
condition of patients of COPD would be poorer than that of asthma®'. As a result, COPD
patients required more frequent hospitalization. In our study, mean age of AE-COPD was higher
than that of attack of asthma as well. Second, bacterial respiratory infection affects patients with
COPD more than those with asthma®. In the aftermath of earthquake, loss of hygiene and
overcrowding in the shelter could increase the risk of respiratory bacterial infection and cause
AE-COPD.

Hospitalization for lung cancer related symptons did not increase much and its ratio to total
hospitalization for respiratory diseases rather declined. Mean age of lung cancer patients was
similar to that in the past two years. Maeda et al. also reported that no increase in lung cancer
related hospitalization was observed after Hanshin-Awaji earthquake™. Progression of lung
cancer may not be influenced by environment as much as cancer growth itself. So, the disaster
will not impact on lung cancer immediately. Although the interruption of chemotherapy and/or

radiotherapy would worsen the prognosis, it cannot be confirmed during our study period.

Effect on ADL

In acute phase, patients with poor ADL, especially those originally dependent, were hospitalized
for pulmonary diseases, typically pneumonia, although substantial number of good ADL
patients was also hospitalized. After 3 weeks, there was a sharp increase in newly dependent
people who deteriorated their ADL after the disaster. It was reported that physical disability was
an independent risk factor for death in Hanshin-Awaji earthquake and the 1999 Taiwan

earthquake’ "

. However, those reports investigated the mortality in acute phase, not
hospitalization in subacute or chronic phase. After the earthquake and tsunami, one fourth of
people in Ishinomaki region fled into shelters, many of which were also flooded by tsunami.
They lacked water and food under harsh condition of cold season without heating in
overcrowded quarter just letting them lie on the floor without beds. In such bad conditions,
elderly people were restricted their consumption food and water, and kept still in a small space,
resulting in deterioration of ADL. In addition, scarcity of water worsened oral hygiene. Both
poor functional status and loss of oral hygiene were the major risk factor of pneumonia®*?’,
especially in elderly people. Subsequently, many elderly people were hospitalized for “shelter

pneumonia” after the earthquake. Also, poor oral hygiene induces swallowing dysfunction®® and
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swallowing dysfunction could be a risk factor of exacerbation of COPD*. It would be one of the

reasons why AE-COPD increased especially in elderly people.

Effect on aging society

According to the report of government of Japan, 93% of the fatalities were drowning and more
than 60% of them were over 60 years old in the Great East Japan earthquake. Although it was
reported by many previous reports that elderly people had a greater risk of death after the
earthquake, the proportion of the elderly killed by this earthquake and tsunami was extremely
high in comparison to other major earthquake or tsunami in the world*®. Similar finding was
reported only in 1995 Hanshin-Awaji earthquake and 2004 Mid Niigata earthquake in Japan'*"".
Moreover, 90.8% of the patients hospitalized for respiratory disease after the earthquake were
over 60 years old in our study. These results suggest that elderly people were vulnerable not
only immediately after the earthquake but also for a while after the earthquake.

In 1999 Taiwan earthquake, 2003 heat waves in the Czech Republic, and 2004
Sumatra-Andaman earthquake, it is demonstrated that these disasters has left decreased
mortality in the stricken area, resulted from a large number of direct death by disasters among a

vulnerable population such as elderly people or children’ * *!

, called “harvesting effect”.
However, our observation suggests that, in the aging society, a huge disaster not only directly
kills the vulnerable people but also produces new vulnerable people. Previous reports
demonstrated that prolonged harmful influence on mental health and psychological slow
recovery were seen more frequently in the elderly people than young people’*™*. Therefore, we

should pay a long-term attention on those elderly people after a disaster.

Implications for policy and practice

Our observation suggests two important targets for reducing hospitalization for respiratory
disease after the major disaster in aging society. One target is interruption of treatment for
chronic respiratory disease and the other target is deterioration of ADL. Interruption of
treatment for chronic respiratory disease was preventable by storing the drugs for a few days.
However, it is necessary to establish the system of valid storage to grasp regional prescription
data of each drug and patient’s personal medication data. Telemedicine system or web-based
patient data storage system might be useful. Prevention of deterioration of ADL is also
important. Elderly people are potentially vulnerable and easily deteriorate their ADL. In our
study, remaining at shelters in stricken area for more than three weeks led increase in
deterioration of ADL and hospitalization for respiratory diseases. Therefore, we propose to

evacuate elderly people out of the stricken area as soon as possible.
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Strengths and weaknesses of study

Our study had two important strengths. First, the Great East Japan Earthquake hit one of the
most rapidly aging societies in the world®’. As the proportion of elderly people continues to
increase in not only developed but also developing countries, there is an urgent need of
information and analysis on the aging society to plan countermeasures against it. Our study will
give lessons against natural disaster to all the countries. Secondly, we obtained detailed data of
patient’s demographics, diagnosis, and ADL in a catastrophic situation. It is because that our
hospital has kept its medical function, including electronic medical record system or laboratory
systems, while devastating earthquake and tsunami hit Ishinomaki city and almost all medical
facilities lost their function, and that stuffs in our hospital has trained for the coming earthquake
and has had an strong motivation to record our experiences as memos or on digital recorders for
future disaster medicine.

Our study is single center study. This might be weakness of our study, but our hospital was the
only functional hospital after the earthquake in Ishinomaki medical zone which account for
more than 30% of total fatalities of this earthquake in Japan. Also, it has been the only hospital
which has the department of respiratory medicine and pulmonary specialists in the medical zone.
Even in the ordinary time before the disaster, it accepted almost all of the serious patients with
pulmonary diseases who needed hospitalization. Therefore, we think our study well represents
impact of the earthquake on pulmonary diseases and describes what happened in the hospital
which faced the earthquake at the front’. It is also weakness of our study that we analyzed only
hospitalized patients. There were a great number of outpatients and a heavy loss of lives. These
events will be analyzed in the future report. Another weakness of our study is that
cross-sectional study cannot elucidate a causal relationship. Finally, we did not clearly define
the condition of hospitalization. Because the destruction of ordinary healthcare system and poor
hygiene outside the hospital, we hospitalized some patients who could be treated in outpatient

setting in ordinary time. However, this was a real situation after devastating disaster.

Conclusion

The Great East Japan earthquake and following tsunami hit the one of the most rapidly aging
society in the world. After the disaster, pneumonia, exacerbation of COPD, bronchial asthma
attack associated with bad ADL in the elderly provoked the most part of increase in
hospitalization for pulmonary diseases. These observations should be exploited in constructing

emergency medical management for disasters in progressive rapidly aging society.
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Table

Table 1. Association of ADL with patient’s characteristics and respiratory disease.

Newly Originally
Independent
dependent dependent
n=70
n=104 n=137
Age 69.9+£15.1 73.1£11.2 80.3£10.5
Male 49 (70.0) 63 (60.6) 69 (50.4)
Diagnosis
Pneumonia 31 (44.3) 59 (56.7) 94 (68.6)
AE-COPD 17 (24.3) 17 (16.4) 15 (11.0)
Asthma 11 (15.7) 11 (10.6) 537
Lung cancer 3(4.3) 6 (5.8) 12 (8.8)
Others 8 (11.4) 11 (8.0) 11 (8.0)

AE-COPD, acute exacerbation of COPD.

Data are mean +SD for numerical variables and number (%) for categorical variables.
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Figure legends
Figure 1. The number of unscheduled new hospitalizations for all causes (A) and for respiratory
disease (B) from March 11 to May 9 in 2009, 2010 and 2011, presented in 10 day bins.

Figure 2. The number and proportion of patients hospitalized for respiratory disease pooled
from March 11 to May 9 in 2009, 2010, and 2011.

Figure 3. Distribution of patients hospitalized for respiratory disease after the Great East Japan
earthquake from March 11 to May 9 in 2011, presented in 10 day bins.

Figure 4. Influence of the disaster on ADL status and its deterioration in hospitalized patients for

respiratory disease from March 11 to May 9 in 2011, presented in 10 day bins.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 42



Page 17 of 42 BMJ Open

©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

| Title

<

The impact of the 2011 Great East Japan Earthquake on hospitalization for respiratory disease in

| advaneedrapidly aging society: a retrospective descriptive and cross-sectional study at the

disaster base hospital in Ishinomaki

Author names
Shinsuke Yamanda physician scientist', Masakazu Hanagama physician scientist ', Seiichi
Kobayashi senior physician scientist ', Hikari Satou resident', Shinsaku Tokuda lecturer,

Kaijun Niu associate professor’, Masaru Yanai director'

'Department of respiratory medicine, Japanese Red Cross Ishinomaki Hospital, 71 Hebita Aza

Nishimichishita, Ishinomaki, Miyagi, Japan

*Division of Cell Biology, Kobe University Graduate School of Medicine, 7-5-1 Kusunoki-cho,
chuo-ku, Kobe, Hyogo, Japan

*Division of Biomedical Engineering for Health and Welfare, Tohoku University Graduate

School of Biomedical Engineering, 2-1 Seiryo-machi, Aoba-ku, Sendai, Miyagi, Japan

Correspondence to: Shinsuke Yamanda syamanda@gmail.com

[ = { Formatted

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

e
[Ny

U OO AR DMBEMDRAMDIMBAEADIAEMDIMNDMNWOWWWWWWWWWWNDNNDNNNNNNNRPRPRERREREREPR
QOO NOURRWNRPOOO~NOUORRWNPRPOOONOUOPRARWNRPOOONOODURAWNRPOOO~NOOODWN

© 00 9 & O Bk~ W N

W W W W W W W NN DN DNDDNDNDDNDNDNDNH O e e e e
S O s WNH O © 000t kWD O © 0O WD+ O

BMJ Open

Article summary

Article focus

The Great East Japan Earthquake attacked one of the most advaneedrapidly aging
societies in the world. Respiratory medicine is the major field in gerontology. Here we
address how seriously the disaster affected respiratory diseases in the most heavily
stricken area, which has one of the highest ratios of elderly people in Japan.

The study gives lessons against natural disasters and aging society.

Key messages

After the earthquake and tsunami, admission from pneumonia and exacerbation of chronic
respiratory disease in elderly increased.

Harsh conditions and poor ADL after the disaster may be associated with increase in
hospitalization for respiratory diseases in elderly people.

Strengths and limitations of study

We could obtain detailed data of patient even in the catastrophic state.

We analyzed only hospitalized patients. But there were a great number of outpatients

as well as heavy loss of lives.
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Abstract

Objective

To investigate the impact of the 2011 Great East Japan earthquake on hospitalization for
respiratory disease at the disaster base hospital in aging society.

Design

Descriptive and cross sectional study.

Setting

Emergency care in Japanese Red Cross Ishinomaki Hospital, a regional disaster base
hospital, Miyagi, Japan.

Participants

322 emergency patients who hospitalized for respiratory disease from March 11 to May
91in 2011, and 99 and 105264 emergency patients who hospitalized in the corresponding
time-period of 2009 and 2010, respectively.

Main outcome measures

Description and comparison of patient’s characteristics and disease distribution in terms of age,
time after the disaster, and activitiesy of daily living (ADL).

Results

Total number of patients hospitalized in our hospital in the study period was 1769 (}+1+769850

in 2009, 1030 in 2010), and the —patients-admitted-to-ourhespital-and-number of hospitalized

patient-was75-7+=12-5-years-old:Among admission for pulmonary diseases, pPneumonia was the
most frequent disease (n=190, 59.0%), followed by acute exacerbation of chronic obstructive
disease (AE-COPD) (n=53, 16.5%), attack of asthma (n=27, 8.4%), and progression of lung

cancer (n=22, 6.8%). Compared with the corresponding period of 2009 or 2010, increase in

absolute number of hospitalization was the highest for pneumonia, followed by AE-COPD and
attack of asthma. Elderlypatients—were-more tikely-hospitalized-after the-earthquakeespecially
i —At hospitalization, 195 patients were “dependent” and 54
patients were “partially dependent”. Respiratory admission accompanied by deterioration

Deterioration-of ADL after the disaster was more frequent in elderly and female patients.

he-1mean o = Hd—nthen en h deterio on—of-ADP nd
ah—a Wa yea a Al a a

Conclusions

After the Great East Japan Earthquake, admission for pneumonia and exacerbation of chronic

respiratory disease in elderly increased at the disaster base hospital.
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Introduction

On Marchll1, 2011, at 2:46 pm Japan time, the Pacific coast of Japan’s Tohoku (northeastern)
region was struck by the massive earthquake (The Great East Japan Earthquake), measuring
magnitude 9.0 on the Richter scale'. The earthquake triggered a devastating tsunami which
destroyed many towns and villages near the seashore. The epicenter was estimated to be about
70 kilometers east of Oshika Peninsula of Ishinomaki in Miyagi. Officially, over 19,000 people
were killed or missing and the maximum number of refugees reached more than 550,000°.
Ishinomaki city, located in Pacific coast of Honshu Island, suffered from the largest number of
victims in Japan, 3,280 people were killed and 669 people were still missing. A great number of
casualties, more than 10,000 patients in the first 30 days, were treated at Japanese Red Cross
Ishinomaki Hospital, a regional disaster base hospital in Ishinomaki which uniquely preserved

its hospital function in Ishinomaki region during and after the disaster.

Japan is one of the most rapidly advaneed-aging society in the world. 23% of Japanese citizens
were age 65 or overyears-old-ormore in 2010°._—EspeciatlyTohoku region is especially rapidly
a-highly-advaneed-aging society in Japan, 26.6% of people living in Ishinomaki city were age
65 or overyears—eld—er—smeore in 2010+. Although several reports showed the significant
association between age and earthquake and tsunami death®® there were few reports
investigating the impact of a tremendous disaster on_elderly peoples in— such an aging society’
10

Respiratory diseases are common in the elderly peeple-even in ordinary times. So, investigating
the impact of the disasters on respiratory health will contribute to elucidating the problem of
aging society. Thus, we performed retrospective descriptive and cross-sectional analysis of the
medical and epidemiologic data of the patient requiringrequired hospitalization for respiratory

disease after the Great East Japan Earthquake and following tsunami.

Methods

This study was a retrospective descriptive and cross-sectional analysis of the data obtained from
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the medical records at Japanese Red Cross Ishinomaki Hospital. We reviewed medical records
of patients admitted to the hospital for respiratory diseases during the first 60 days after the
Great East Japan Earthquake, when the hospital solely accepted emergency patients. We also
reviewed medical records of patients who required unscheduled hospitalization for respiratory
disease in the corresponding period of 2009 and 2010.

Japanese Red Cross Ishinomaki Hospital which had 402 beds for inpatients was located at 4.5
km inland from Pacific Ocean. It has covered about 220,000 people living in its medical zone
(Ishinomaki_City, Onagawa Town, erand Higashi-matsushima_City) and assigned to a regional
disaster base hospital. It has reeeivedaccepted almost all of the emergency respiratory patients

even in the ordinary time_before the disaster, because it ishas been the unique hospital having

the respiratory department and pulmonary specialists in the region.

Medical records were investigated in terms of date of admission, age, sex, diagnosis. We also
investigated activitiesaetivity of daily living (ADL) at hospitalization and ADL before
earthquake, and their residence before admission on the medical record of 2011 study period.
For comparison, the total number of unscheduled hospitalization te—the—hespital-during the
corresponding periods in 2009 and 2010 was counted.

Pneumonia was defined as the presence of the infiltration on chest radiograph along with one or
more of the following symptoms or signs: fever, cough, sputum production, breathlessness,
pleuritic chest pain or signs consistent with pneumonia on auscultation.

Chronic obstructive pulmonary disease (COPD) and bronchial asthma were detected by the
previous spirometric data, patient’s self-report, or physician’s diagnosis made by patient’s
history, physical examination, and radiological finding. An acute exacerbation of
COPD(AE-COPD) was defined as an increase in or new onset of more than one symptom of
COPD (cough, sputum, wheezing, dyspnea or chest tightness) without pneumonia or
pneumothorax. An attack of asthma was defined as the presentation of wheezes or severe cough
in asthma patients without pneumonia. Progression of lung cancer was defined as requirement
for admission for lung cancer associated condition such as dehydration, respiratory failure, or
uncontrolled pain. Obstructive pneumonia due to lung cancer was considered as progression of
lung cancer. Chest trauma and traumatopnea were not considered as respiratory disease but
chest injury.

ADL was assessed by the information from a patient, patient’s family, or patient’s caregiver, and
classified into three categories; “independent” who could live without particular support,
“partially dependent” who could not leave their residence without any support, “dependent”

who spent a day on the bed or the wheelchair and lost the ability to move for themselves.

FurthermereTo investigate the impact of the disaster on ADL, we defined as “originally

dependent” who were dependent or partially dependent before the disaster, and as “newly
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| dependent” who became dependent or partially dependent after the disaster.

Data analysis B -- { Formatted: Font: Bold

All data were entered into a personal computer and analyzed using Microsoft ™ Excel software
and statistical analysis was performed using JMP9 (SAS Institute Inc., Cary, NC, USA). A
missing value in medical record was treated as “unknown”. Results were given as mean £ SD
for numerical variables and as proportions for categorical variables. To analyze sequential
change of the effect of the disaster, we divided 60 days of study period into six groups of-each
ten days_bins. To investigate the risk of hospitalization for respiratory disease after the
earthquake and tsunami, we compared the patient’s characteristics of 2011 study period with the
that-ef-combined data of20+6-and-2609 2009 and 2010 corresponding period as ordinary time.
We used two-sided Student’s #-test for numerical variables and chi-square test for the categorical

variables.

as statistically significant.

Result

All of the scheduled hospitalization was cancelled and emergency admission was solely
accepted during the first 60 day after the earthquake at Japanese Red Cross Ishinomaki Hospital.
1,769 patients admitted to the hospital, and 322 of them were hospitalized for respiratory
disease during the study period. Patients—hespitalizedfor—respiratore—di aecounted—for

—In the corresponding period, total number

of unscheduled hospitalization was 850 and that for respiratory disease was 99 in 2009 and

1,030 and 105 in 2010. Patients hospitalized for respiratory disease accounted for 18.2% of total
hospitalization during the study period. This proportion was significantly higher than that of
2009 and 2010 (11.6% in 2009. P<0.001. 10.2% in 2010. P<0.001).the-eorrespondingperiod-of

past-two-years; 102%of 2010-and 11-6%6£2009— While the number of total hospitalizations
of this period in 2011 was about twice of that in 2009 and 2010, hospitalization for respiratory

disease in 2011 reached about three times or more than that of 2009 and 2010. The total number
of hospitalizations was atpeakpeaked in the first ten days-and-then-deereased, but the number of

hospitalization for respiratory disease kept increasing for 20 days (Figure 1A and B).

We compared the number and proportion of patients hospitalized for respiratory diseasedisease

distribution between 2011, 2010, and 2009 study periods (Figure 2). Pneumonia was the most
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frequent disease (n=190, 59.0%), followed by AE-COPD (n=53, 16.5%), attack of asthma (n=27,
8.4%), and progression of lung cancer (n=22, 6.8%). One case of AE-COPD and seven cases of
attack of asthma were physician’s diagnosis. Category “Others” included pneumothorax,
restrictive thoracic disease, pleural effusion, influenza, drowning, primary pulmonary
hypertension, requirement of mechanical ventilator support for neuromuscular disease, and so
on. One patient diagnosed as pneumonia was complicated by attack of asthma and two patients
of pneumonia exacerbated their symptom of COPD. They were treated for both conditions and
counted as pneumonia. In comparison with the past two years, the increase in absetate-number
of hospitalizations was the largest for pneumonia, followed by AE-COPD and attack of asthma.
The number of hospitalization for progression of lung cancer and that for “others”-diseases were

not so deferentdifferent from the past two years. 39.4% of patients were hospitalized fromstayeéd
at emergency shelters-before-hospitalization-.

To investigate the disease specific effect of earthquake, age and sex of each disease were
compared between the study period in 2011 and the corresponding period in the past two years
{FableH. The mean age of patients hospitalized for respiratory disease was significantly higher
in 2011 than in the past two years (75.7+12.5 years-old-v.s. i1 204-73.2+13.4 years old-n2646
and—2009. p=0.03). Male proportion tended to be lower in 2011 than in the past two years
(59.6% in 2011, 67.2% in 2010 and 2009. p=0.08). Specifically, pneumonia patients and
AE-COPD patients were significantly older in 2011 study period than in 2010 and 2009
corresponding period(77.6+11.8 v.s. 74.3+12.8 years old in pneumonia patients. p=0.03.
76.0+8.7 v.s. 69.5£15.9 years old in AE-COPD patients. —and—p=0.03—+espeetively). Male
population of AE-COPD was significantly higher (81.1% v.s. 50.0%. p=0.01), whereas that of
attack-of-asthma attack significantly lower in 2011 period than 2010 and 2009 periods_(18.5%
v.S. 54.6%. p=0-0H-and-p=0.03+espeetively).

Actual numbers of hospitalization for the main respiratory diseases in terms of every ten days
bins during the study period is shown in Figure 3. Pneumonia presented—ts—peak—peaked in the
second peried10 day bin. Following pneumonia, AE-COPD and attack of asthma presented-its

peakpeaked in the third 10 day binperied.-and-pProgression of lung cancer had its peak in the
fifth 10 day binperiod. Attack of asthma had-small peak-in-the same third period-as AECOPD.
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Next, we investigated ADL at hospitalization and ADL before the disaster among the patients

hospitalized in 2011 study period. Because of confusing situation of medical activities after the

disaster, ADL was not recorded in 11 patlentsﬁDL—befer%%h&disaster—ADL—aH&espﬁa%%aﬁm

hospitalization, 195 patlents 60.5%) were “dependent” and 54 patlents (16. 7%} were partlally
dependent”.
earthguake—On the other hand, before earthquake only 86 patients (26.7%) were “dependent”
and 51 patients (15.8%) were “partially dependent”.—Fhese—patients—aecountedfor42.5% of

hespitalized-patients-afterthe-earthquake- To investigate the impact of ADL and its deterioration
on admission for pulmonary disease in terms of time after the disaster,We we analyze-sequential

ehange—incounted the number of the patients who were “originally dependent”, “newly
dependent”, or “independent_throughout” at-hespitatizatienduring 60 days presented in 10 day

bins (Figure 4). Throughout the study period, majority of patients were dependent or partially

dependent patient. In the first 20 days, the majority of admissions were for originally dependent

people. After 30days, there was a sharp increase in newly dependent people, as assessed by

thereafter. Independent patients were hospitalized mainly during first 20 days.

Table 13 showed the association of ADL category (independent_throughout, newly dependent,
and originally dependent) with patient’s age, sex, and diagnosis. Regarding diagnosis, ratio of
each disease was calculated in each category. Eleven patients whose ADL was not completely
recorded were excluded from the data. Young and male patients were more frequent in order of
independent, newly dependent and originally dependent. On investigation in patient’s diagnosis,
the proportion of pneumonia and progression of lung cancer increased in the same order, while

the proportion of AE-COPD and asthma decreased.

Discussion
Summary

In this retrospective descriptive and cross-sectional study, we found substantial increase in

elderly patients hospitalized for respiratory disease after the earthquake and tsunami. Pneumonia,

AE-COPD, and attack of asthma were apparently increased after earthquake. Mean age of
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patients hospitalized for respiratory disease after the earthquake was significantly higher than
that of erdinary-yearscorresponding periods of the past two years. Majority of patients had poor

ADL and many of them experienced deterioration of ADL after the earthquake.

Effect on respiratory disease

Previous reports on Hanshin-Awaji earthquake showed initial rush of patients with injury and
following increase of patients with respiratory disease, especially pneumonia' ™. Similarly, our
observation showed marked increase in pneumonia patients, although initial rush of heavy
injury patients was absent in this disaster because majority of victims were drawndrowned to
death and heavily injured patients were seldom carried to the hospital.

The cause of increase in respiratory disease was different in each situation. After the 2004
Sumatra-Andaman earthquake and following tsunami, the number of lower respiratory infection
in Ache was rapidly increased after the disaster and sharply declined in the second week'*. On
the other hand, after the 1995 Hanshin-Awaji earthquake, the number of patients hospitalized for
pneumonia was gradually increased and kept high proportion over the two month’ '°. This
difference is ascribable to the mechanism of developing pneumonia. In Sumatra-Andaman
earthquake, many of pneumonia were resulted from aspiration of tsunami-water in
near-drowning events'” '®. Those pneumonias were called “tsunami lung”. On the other hand, in
the Hanshin-Awaji earthquake, many patients developed pneumonia in shelters under unhealthy
environment and most of them were in elderly. Those pneumonias were called “‘shelter
pneumonia” . In this earthquake and tsunami, we experienced few number of pneumonia
directly caused by aspiration of tsunami-water even in the very acute period. Mestpatients-came

5

st e e s bos e ne Do e el e few of the

patient directory came from the field, instead, most patients came from shelters, their own or

relative’s homes, other hospitals, or nursing homes.- The mean age of them was significantly

higher than that of 2010 and 2009. Therefore, we theughtregarded most of pneumonia we

treated wasas the same kind of “shelter pneumonia”. We could not carry out a bacteriological

examination for 14 days after the earthquake due to shortage of water, fuel, gas, and manpower.

After that, we could perform bacteriological examination, bacterial culture or gram staining. We

treated most of the pneumonias as “aspiration pneumonia in nursing home” because of the

patients”’ ADL.

AE-COPD was also remarkably increased. COPD was one of the most common chronic
respiratory diseases, especially in elderly people. It is well known that interruption of treatment
for chronic disease will easilyfrequently exacerbate patient’s condition, and it is also true after a

natural disaster'* . Many patients lost their drugs by tsunami flooding, therefore, interruption
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of regular medication may partly account for the increase in hospitalization by AE-COPD.

Sunny and windy days lasted from the end of March and dust from the tsunami sludge was an

important component of particulate air pollution; it may have contributed to the significant

increase in—We—also—speculate—that—air—pollution—caused—by—tsunami—dust—may—raise—the
hospitalization by AE-COPD.—Adftercold-and-snowy—weatherforten-days—from-thedisaster;

old n d dy—d overed-ove OB o d-d d o) n
o165t Y5 wW ay-aay Sa a-oVv oa 2o ahRa¢a Sae otd = ta

Although asthma was also one of the most common chronic respiratory diseases and had the

same precipitating cause with COPD, attack of asthma was not so much increased as AE-COPD.

This difference might be caused by two important differences between asthma and COPD. First,
generally, patients of COPD were older than those of asthma. Therefore, baseline health
condition of patients of COPD would be poorer than that of asthma®. As a result, COPD
patients required more frequent hospitalization. In our study, mean age of AE-COPD was higher
than that of attack of asthma as well. Second, bacterial respiratory infection affects patients with
COPD more than those with asthma™. In the aftermath of earthquake, loss of hygiene and
overcrowding in the shelter could increase the risk of respiratory bacterial infection and cause
AE-COPD.

Hospitalization for lungkung cancer related symptonshespitalization did not increase much and

its ratio to total hospitalization for respiratory diseases rather declined. Mean age of lung cancer
patients was similar to that in the past two years. Maeda et al. also reported that no increase in
lung cancer related hospitalization was observed after Hanshin-Awaji earthquake®. Progression
of lung cancer may not be influenced by environment as much as cancer growth itself. So, the
disaster will not impact on lung cancer immediately. Although the interruption of chemotherapy
and/or radiotherapy would worsen the prognosis, it cannot be confirmed during our study

period.

Effect on ADL

s—In acute phase, patients with poor ADL,
especially those originally dependent-enes, were hospitalized for pulmonary diseases, typically

pneumonia,; although substantial number of good ADL patients was also hospitalized. After 3-e¢

4 weeks, there was a sharp increase in newly dependent peoplemany—peeple who deteriorated
their ADL after the disaster&s ek i

reported that physical disability was an independent risk factor for death in Hanshin-Awaji
earthquake and the 1999 Taiwan earthquake’ '°. However, those reports investigated the

mortality in acute phase, not hospitalization in subacute or chronic phase. After the earthquake

10
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and tsunami, one fourth of people in Ishinomaki region fled into shelters, many of which were
also flooded by tsunami. They lacked water and food under harsh condition of cold season
without heating in overcrowded reemquarter just letting them lie on the floor without beds. In
such bad conditions, elderly people were restricted their consumption food and water, and kept
still in enea small space,; as-aresult-they-deteriorated-theirresulting in deterioration of ADLs. In

addition, scarcity of water worsened oral hygiene. Both poor functional status and loss of oral

hygiene were the major risk factor of pneumonia®*®’, especially in elderly people.
Subsequently, many elderly people were hospitalized for “shelter pneumonia” after the
earthquake. Also, poor oral hygiene induces swallowing dysfunction® and swallowing
dysfunction could be a risk factor of exacerbation of COPD*. It would be one of the reasons

why AE-COPD increased especially in elderly people.

Effect on aging society

According to the report of government of Japan, 93% of the fatalities were drowning and more
than 60% of them were over 60 years old-ersere in the Great East Japan earthquake. Although
it was reported by many previous reports that elderly people had a greater risk of death after the

earthquake, the proportion of the elderly—peeple killed by this earthquake and tsunami was
extremely high in comparison to other major earthquake or tsunami in the world*®. Similar
finding was reported only in 1995 Hanshin-Awaji earthquake and 2004 Mid Niigata earthquake
in Japan'> . Moreover, 90.8% of the patients hospitalized for respiratory disease after the
earthquake were over 60 years old-erere in our study. These results suggested that elderly
people were vulnerable not only immediately after the earthquake but also for a while after the
earthquake.

In 1999 Taiwan earthquake, 2003 heat waves in the Czech Republic, and 2004
Sumatra-Andaman earthquake, it is demonstrated that these disasters has left decreased
mortality in the stricken area, resulted from a large number of direct death by disasters among a

vulnerable population such as elderly people or children® ***'

, called “harvesting effect”.
However, our observation suggests that, in the aging society, a huge disaster not only directly
kills the vulnerable people but also rewds—produces new vulnerable people. Previous reports
demonstrated that prolonged harmful influence on mental health and psychological slow
recovery were seen more frequently in the elderly people than young people®*™°. Therefore, we

should pay a long-term attention on those elderly people after a disaster.

Implications for policy and practice
Our observation suggests two important targets for reducing hospitalization for respiratory

disease after the major disaster in aging society. One target is interruption of treatment for
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chronic respiratory disease and the other target is deterioration of ADL. Interruption of
treatment for chronic respiratory disease was preventable by storing the drugs for a few days.

However, it is necessary to establish the system offer valid storage to grasp regional prescription

data of each drug and patient’s personal medication data. Telemedicine system or web-based
patient data storage system might be useful. Prevention of deterioration of ADL is also
important. Elderly people areis potentially vulnerable and easily deteriorate their ADL. In our
study, remaining at shelters in stricken area for more than three weeks led increase in

deterioration of ADL and hospitalization for respiratory diseases. Therefore, we propose to

| transferevacuate elderly people-te out of the stricken area as soon as possible.

Strengths and weaknesses of study

Our study had two important strengths. First, the Great East Japan Earthquake hit one of the
most advancedrapidly aging societies in the world®. As the proportion of elderly people
continues to increase in not only developed-eeuntries but also developing countries, there is an
urgent need of information and analysis on the aging society to plan countermeasures against it.
Our study will give lessons against natural disaster to all the countries. Secondly, we obtained
detailed data of patient’s demographics, diagnosis, and ADL in a catastrophic situation. It is
because that our hospital has kept its medical function, including electronic medical record
system or laboratory systems, while devastating earthquake and tsunami hit Ishinomaki city and
almost all medical facilities lost their function, and that stuffs in our hospital has trained for the
coming earthquake and has had an strong motivation to record our experiences as memos or on
digital recorders for future disaster medicine-for-the-future.

Our study is single center study. This might be weakness of our study, but our hospital was the

only functional hospital after the earthquake in Ishinomaki medical zone which account for
more than 30% of total fatalitieswietims of this earthquake in Japan. Also, it has been the only
hospital which has the department of respiratory medicine and pulmonary specialists in the
medical zone. Even in the ordinary time before the disaster, it accepted almost all of the serious
patients with pulmonary diseases who needed hospitalization. Therefore, we think our study

well represents impact of the earthquake on pulmonary diseasese and describes what happened

in the hospital which faced the earthquake at the front>. It is also weakness of our study that we

analyzed only hospitalized patients. There were a great number of outpatients and a heavy loss
of lives. These events will be analyzed in the future report. Another weakness of our study is
that cross-sectional study cannot elucidate a causal relationship. Finally, we did not clearly
define the condition of hospitalization. Because the destruction of ordinary healthcare system
and poor hygiene outside the hospital, we hospitalized some patients who could be treated in

outpatient setting in ordinary time. However, this was a real situation after devastating disaster.

12
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Conclusion

The Great East Japan earthquake and following tsunami hit the one of the most advaneedrapidly
aging society in the world. After the disaster, pneumonia, exacerbation of COPD, bronchial
asthma attack associated with bad ADL in the elderly provoked the most part of increase in
hospitalization for pulmonary diseases. These observations should be exploited in constructing

emergency medical management for disasters in progressive advaneedrapidly aging society.
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Table 13. Association of ADL with patient’s characteristics and respiratory disease.

Newly Originally
Independent
dependent dependent
n=70
n=104 n=137
Age 69.9£15.1 73.1£11.2 80.3+10.5
Male 49 (70.0) 63 (60.6) 69 (50.4)
Diagnosis
Pneumonia 31(44.3) 59 (56.7) 94 (68.6)
AE-COPD 17 (24.3) 17 (16.4) 15 (11.0)
Asthma 11 (15.7) 11 (10.6) 5@3.7)
Lung cancer 34.3) 6 (5.8) 12 (8.8)
Others 8(11.4) 11 (8.0) 11 (8.0)

AE-COPD, acute exacerbation of COPD.

Data are mean +SD for numerical variables and number (%) for categorical variables.
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