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Abstract

Objective Our aim was to investigate the link between

ambulance transports stratified by heat stroke and air

temperature in August 2009 in Japan.

Methods Monthly observations for ambulance transports

stratified by heat stroke in August 2009, in all 47 prefec-

tures of Japan were obtained from the Ministry of Internal

Affairs and Communications. Daily air temperature data

from the Japan Meteorological Agency in August 2009 for

all 47 prefectures in Japan were also used. The effect of

high air temperatures on ambulance transports stratified by

heat stroke was analyzed in an ecological study.

Results Various air temperature parameters , i.e., the

mean of the mean air temperature, mean of the highest air

temperature, mean of the lowest air temperature, the

highest air temperature, and the lowest air temperature in

August 2009 were significantly and positively correlated

with ambulance transports stratified by heat stroke (per

total number of ambulance transports and per 10,000 per-

sons) in the 47 prefectures of Japan. The correlation

coefficient between the mean of the highest air temperature

in August 2009 and ambulance transports stratified by heat

stroke (per 10 000 persons) was the highest among the

examined parameters (r = 0.799, p \ 0.0001).

Conclusion Higher air temperatures were closely associ-

ated with higher numbers of ambulance transports stratified

by heat stroke in August 2009 in Japan.

Keywords Heat stroke � Ambulance transports �
Air temperature � Japan

Introduction

More and more attention has been paid to the influence of

high air temperatures on human health. Increases in mor-

tality rates and their relation to high air temperatures have

been discussed [1, 2]. Global average temperatures are pro-

jected to increase by between 1.4 and 5.8�C by the end of this

century [3]. In addition, it is expected the climatic changes

associated with global warming will have a serious impact on

human beings [4, 5]. We have also previously reported that

higher air temperatures were associated with the total num-

ber of ambulance transports in Takamatsu city [6] and

Okayama city [7], Japan. However, the relation between high

air temperatures and ambulance transports stratified by heat

stroke still remains to be investigated in Japan.

Therefore, in this study, we evaluated the link between

ambulance transports stratified by heat stroke and parameters

of air temperature in August 2009 in all 47 prefectures of

Japan, and we clarified the effect of higher air temperatures

on heat stroke in Japan by carrying out an ecological study.

Methods

Ambulance data

Monthly incidence data of ambulance transports stratified

by heat stroke were obtained from the Ministry of Internal

Affairs and Communications in August 2009 for all 47

prefectures of Japan [8]. In addition, we also obtained the

data for the total number of ambulance transports [8] and
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the population data for the 47 prefectures in 2009 from the

Ministry of Internal Affairs and Communications [9]. The

number of ambulance transports stratified by heat stroke

(per total number of ambulance transports (%) and per

10,000 persons) was used for analysis.

Temperatures

Daily air temperatures in the 47 prefectures of Japan for the

required period (August 2009) were obtained from the

Japan Meteorological Agency [10]. The mean of the mean

air temperature, mean of the highest air temperature, mean

of the lowest air temperature, the highest air temperature,

and the lowest air temperature in August 2009 in the 47

prefectures of Japan were used for analysis.

Statistical analysis

Simple correlation analysis was used to test the signifi-

cance of the linear relationship among continuous vari-

ables: p \ 0.05 was considered to be statistically

significant. In addition, the Joinpoint Regression Program

[11, 12] was also used to investigate the threshold, where

different lines of ambulance transports stratified by heat

stroke were connected together.

Results

Relevant profiles of the 47 prefectures in Japan are sum-

marized in Table 1. The number of ambulance transports,

stratified by heat stroke, was 138.2 ± 119.7 persons,

1.9 ± 0.9 (per total number of ambulance transports: %),

and 0.59 ± 0.30 (per 10,000 persons) in the 47 prefectures.

The mean of the mean air temperature was 26.2 ± 1.9�C

(range 21.5–29.5).

We investigated the relationship between ambulance

transports stratified by heat stroke and various parameters

of air temperature (Table 2). Ambulance transports strati-

fied by heat stroke were significantly and positively cor-

related with various parameters of air temperature, i.e., the

mean of the mean air temperature, mean of the highest air

temperature, mean of the lowest air temperature, the

highest air temperature,and the lowest air temperature in

August 2009 in Japan. The correlation coefficient between

ambulance transports stratified by heat stroke (per 10,000

Table 1 Profile of 47 prefectures in Japan

Mean ± SD Minimum Maximum

Number of prefectures 47

Population (10,000 persons) 271.7 ± 263.8 60.0 1284.0

Total number of ambulance transports (persons) 8685.6 ± 9526.6 1685.0 48862.0

Ambulance transports stratified by heat stroke (persons) 138.2 ± 119.7 16.0 590.0

Heat stroke per total number of ambulance transports: (%) 1.9 ± 0.9 0.4 4.0

Heat stroke (per 10,000 persons) 0.59 ± 0.30 0.12 1.38

Mean of the mean air temperature (�C) 26.2 ± 1.9 21.5 29.5

Mean of the highest air temperature (�C) 30.5 ± 2.0 25.3 33.8

Mean of the lowest air temperature (�C) 23.0 ± 1.9 18.6 27.3

The highest air temperature (�C) 34.5 ± 1.6 30.9 37.8

The lowest air temperature (�C) 18.2 ± 2.5 11.8 25.6

Table 2 Simple correlation analysis between numbers of ambulance transports stratified by heat stroke and air temperature parameters in 47

prefectures

Ambulance transports stratified by heat stroke

Per total number of ambulance transports (%) Per 10,000 persons

r p r p

Mean of the mean air temperature (�C) 0.686 <0.0001 0.797 <0.0001

Mean of the highest air temperature (�C) 0.708 <0.0001 0.799 <0.0001

Mean of the lowest air temperature (�C) 0.609 <0.0001 0.739 <0.0001

The highest air temperature (�C) 0.713 <0.0001 0.673 <0.0001

The lowest air temperature (�C) 0.548 <0.0001 0.703 <0.0001

Values in bold indicate significance
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persons) and the mean of the highest air temperature was

the highest among the examined parameters (r = 0.799,

p \ 0.0001) (Fig. 1). On using the Joinpoint Regression

Program, we could not find the change points of ambulance

transports stratified by heat stroke in mean of the highest

air temperatures. The number of ambulance transports

stratified by heat stroke (per 10,000 persons) and the mean

of the highest air temperature were lowest in Hokkaido,

which is located in the most northern part of Japan. The

number of ambulance transports stratified by heat stroke

(per 10,000 persons) was the highest in Kochi, which is

located on Shikoku Island, and the mean of the highest air

temperature was highest in Kumamoto, which is located on

Kyushu Island in Japan (Fig. 1).

Discussion

The main finding of this ecological study in the 47 pre-

fectures of Japan was that the number of ambulance

transports, stratified by heat stroke, was positively corre-

lated with higher air temperatures.

The relation between high air temperatures and heat

stroke in Japan has been reported in some studies [13–16].

Qiu et al. [13] reported that an unusually hot spell in 1999

was followed by a high mortality rate in Hokkaido, Japan.

Bai et al. [14] reported that the number of unusual deaths in

the summer of 1994 in Osaka, Japan, was greater than that in

the previous year. Piver et al. [15] reported that heat stroke

was associated with prolonged exposures to the higher air

temperatures that usually occur in the summer months of

July and August in 1980–1995 in Tokyo. Nakai et al. [16]

investigated heat-related deaths in Japan from 1968 through

1994 and showed that heat-related deaths were most likely to

occur on days with a peak daily air temperature above 38�C.

They reported that the incidence of heat-related deaths

showed an exponential dependence on the number of hot

days [16]. In addition, we have also shown that higher

air temperatures were closely associated with the total

number of ambulance transports, by using monthly data in

Takamatsu city and Okayama city, Japan [6, 7]. In the present

study, in August 2009 in Japan, as in the previous studies, we

also noted a close link between the number of ambulance

transports and higher air temperatures. Furthermore, the slope

of the regression line (change in the highest air temperature

versus change in number of ambulance transports stratified by

heat stroke) in Japan was 0.122 (Fig. 1). Accordingly, we

found that a 1�C increase in the mean of the highest air tem-

perature in Japan corresponded to a 0.122 times per 10,000

person increase in the number of ambulance transports strat-

ified by heat stroke in Japan. However, we could not find the

threshold of air temperature for ambulance transports strati-

fied by heat stroke in this analysis. Global warming has

become a public health challenge worldwide [5]. The above

findings, taken together, suggest that it is reasonable that we

need to deal with high air temperatures in summer in Japan,

e.g., by innovations in the use of thermal energy in cities,

preparation of the ambulance transport system, and individual

coping with high air temperatures.

Potential limitations remain in this study. First, this was

an ecological study. The link between numbers of ambu-

lance transports stratified by heat stroke and air tempera-

ture, which was noted in this study, may not apply to the

link among individuals. Second, daily data for ambulance

transports stratified by heat stroke could not be obtained in

this study. Therefore, we could not accurately evaluate the

link between ambulance transports stratified by heat stroke

and high air temperatures. Further studies are urgently

required to prove such a link.
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